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Geographicalvariationsoftheinnerstructuresoftheherbalstemsof助ﾉ2edm
gemydiα"αWall.exStapfandE"chycIa血Boiss.ofthefanlyEphedraceaerelatedto
longimdinalandaltimdinalchangesWeresmdied・InEge""jα"α,longitudinalgeoclines
onthediameteroftheherbalstemandthenumberofsubepidennalfiberbundles,theplant

inthewesternareastendedtohavebiggerstemsindiameterandmoresubepidennalfiber
bundlesthanthoseineastemareaswererecognized.InE"chycIa血altimdinal

geoclinesthattheplantgrOWingathighergroundtendedtohavemorefibersina
subepidennalfiberbundleandmorepithfiberswererecognized.Moreover,local
variationswererecognizedinbothspecies;inEgerq"加"α,mostoftheplantsfromMid.
WestemNepalhadmorethan40corticalfiberbundlesandlessthan50pithfibers,and
inE"chycIa血thosefifomMid.WestemNepalhadsmallerstemsindiamelerandmore
corticalfiberbundles,etc・TheseresultsenablestoestimateoriginallocalitiesofTibetan

crudedrugsof〃んedra. (ContinuedfromJ.Jpn.Bot.71(6),323-332,1996)

thebottomofaslope,andthefbrmercontalns
morealkaloidsthanthelatterinamount.

IntheChinesetraditionalmedicine,ithas

beensaidthattheoriginallocalityofmedicinal

plantisanimportantinfOrmationtoevaluate
themedicinalvalueofit.Thoughitisgener-

allydifficulttoidentifytheoriginallocalityof
crudedrugscirculatedinthemarkets,itmay
becomepossibleiflocalcharacteristicsare
fOundintheinnerstructuresofthedrugs.

Ontheotherhand,therehavebeenafew

anatomicalreportsonthegeoclinalvariation
inthesizeofthevesselelementsinthegenera

SymPlocos(Oeveretal.1981)and"ex(Bass
1973),andinthefamilyOleaceae(Bassetal.

1988),correlatedtolatimdeoraltitude.

Inthisreport,tostudygeoclinalvariatiOns

Plantsof助向edra(Ephedraceae)arewell
knownmedicinalresources,includinganal-

kaloidephedrine.Inthepreviouspaper

(MikageandKondol996)wereportedthatE.
gemMiα"αWall.exStapfandE"chycIa血
Boiss.growinginHimalayanregionweredis-
tinguishedanatoncallybythedifferenceof
thenumberofsubepidermalfiberbUndlesin
thecrosssectionofherbalstems.Itwasalso

revealedthatmanyanato皿calcharacters

showedwideimaspeCificvariations.

Astothevariationsofoutermorphology
andalkaloidcontentsinrelationtodifferent

habitatOfE.PachycIa血,Mikageetal.(1987)
reportedthattheplantgrOwingatdriedplaces
ortheupperpartofaslopehadrathershorter
internodesthanthosegrowingatwetplacesor
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intheanatoncalcharactersofEgeywzIjα"α

andEMc/tycIa血,eachanatoncalcharacter

oftheinternodesinconsidermgthecollecting

placesoftheexperimentalmaterialssuchas

longitudeandaltitudeiSexamined・Basedon

theresults,theoriginallocalityofTibetan

CrudedmgsTSHEandBALU,thewholeplant

of印〃eZ加spp.(MikageandKondol996)
areestimated"

MaterialsandMethods

Inadditiontothematerialsusedinthe

previouspaper(Mikageetal.1996),fOur

plantsarenewlyexamined

助ﾉledmgemFzjjα"α一Mid.WesternNe-

pal,KamaliZone,DolpaDist.,betweenHanke

andSumduwaIG57:Watanabeetal.(WT)

9507108f],betweenSumduwaandRingmo
[G58:WT9507004旱]:Ep"chycﾉα伽一Mid､
WesternNepal,KamaliZone,DolpaDistr.,

betweenDunaiandJuphalAirport[P62:

WT950711".P63:WT9507116W.
ThecrosssectionSofthreeinternodesof

herbalstemsarbitralilychosenfromeachplant

wereobservedandtheaveragevalueofthe
threewasobtainedineachoftheanatomical

characteristicsuchasthediameterofstem,

numberofsubepidermalfiberbundles,maxi-

mumnumberoffibersinaSubepidermalfiber
bundle,numberofcortiCalfiberbundles,and

numberoffibersintheperipheralpartofpith.

AndthecorrelationSbetweentheseaverage

valuesandthelongitUdeandaltitudeofthe
collectingpointsofexperimentalmaterials
wereexamined.Besides,10herbalstemswere

examinedtoknowthevariationsinoneplant,

andfiveplantstoknowthevariatiOnsina

colony.

Fortheconvenienceofstudyinglocalvari-

ations,theareaswherethesamplesOfE.

geyn"加"αwerecolleCtedfOrthisstudyare

dividedintofivebyadministrativedivisions;

i.e.,theAreasl(Mid.WesternNepal),II

(WesternNepal),III(CentralNepal),IV(East-

ernNepal),andV(SikkimandBhutan).Soas

theAreaIIwherethesamplesOfE"chycIa血

werecollectedisaltitudinallydividedintofive

zones;theAlt.zonesi(betweenLariungand

Tukuche,2460to2620mabovesealevel),ii

(betweenTukucheandJomsom,2600to

2690m),iii(betweenJomsomandKagbeni,

2700to2815m),iv(betweenKagbeniand

Jharkot,2840to3340m),andv(between

JharkotandMuktinath,3380to3460m).

Results

Thevariationrangeofmeasuredvaluesof
eachanatomicalcharacterandtheircoeffi-

cientofvariation(CV.)calculatedinone

plant,inacolony,ineachArea,ineachAlt｡

zone,andinmaterials,respectively,areshown

inTableslonEge7wz加"αand2onE

"chycIa血．

I.Anatomicalvariationrelatingtolongi"

mdinalchange

l.助ﾉDe""gemFzIjα"α(Tablel,Fig.1)

l)Diameterofherbalstem(Fig.1-1)
Thediameterofherbalstemisratherstable

inOneplantandinacolony;theC.V.is6.4%

andl.8%,reSpectively.Thewesternsamples

tendtohavebiggerstemsthantheeasternones

indiameter.Thoughthesignificantdifference

(p<0.05)isrecognizedbetweenaverageval-
uesintheArealandAreaV,thevariationis

geographicallysuccessivefromwesttoeast:
thecorrelationcoefficient(CC)is-0.521.

2)NumberofsubepidermalfiberbUndles

(Fig.1-2)

Numberofsubepidermalfiberbundlesis

rathervariableinoneplant,theCV.isll.0%｡

Generallytosay,thewestemplanthasmore

subepidermalfiberbundlesthaneasternone:

C.Cis-0.437.Thoughthesignificantdiffer-

ence(p<0.05)isrecognizedbetweentheaver-

agevaluesintheArealandAreaV,the

variationisgeographicallysuccessive.
Besides,intheAreaII,aloCalvariationis

recognized;i.e.,plantsgrowingalongthe
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KaligandakiriverbetweenTukuche;Yak

Kharka,andAlubarihaveexceptionallyfew
fiberbundles,15tol9.

3)Maximumnumberoffibersinasubepi-

dermalfiberbUndle(Fig.1-3)

Maximumnumberoffibersinasubepider-
malfiberbundleisvariabletosomeextent.

Thoughthevariationissuccessive,character-

isticlocalvariationsarerecogniZed;i.e.,the

plantsfromtheAreaVshowbiggervalues,
whilethosefrommandlVshowsmaller

values.

4)Numberofcorticalfiberbundles(Fig.

l-4)

Sincemostoftheplantshavefewcortical

fibers,theCV・calculatedbecomeenormously

big.Therefbre,astothischaracter,thestand-

arddeviation(S.D.)isexaminedinstead.

Thoughalargeintraspecificvariationis

recognizedonthischaracter,itisratherstable

伽oneplantandinacolony:S.D・areO.42and

0.33,respectively,whileS.D.inallthemate-
rialsisl9.81.PlantsfromtheAreaslll,IVand

VareusuallyhavenocortiCalfiberbundle,

andsomePlantsfromtheAreaIIhavel～ll

bundles,whilemostoftheplantsfromthe

AreaIhavemorethan40bundles.Asignifi-

cantdifference(p<0.01)isrecognizedbe-

tweentheaveragevalueintheAreaIandthat
intheotherfburAreaseach.Itcanbesaidthat

theplantfromtheArealischaracterizedby

havingmanycorticalfibers,mostlymorethan
40．

5)Numberofpithfibers(Fig.l-5)

NumberofpithfiberSshows，wide

intraspecificvariation.PlantsfromtheAreal

haveusuallylessthan50fibers,whilethe

plantsfromtheAreaslVandVhavemorethan

50.Asignificantdifference(p<0.01)arerec-

ognizedbetweentheaveragevalueintheArea
IandthatintheotherfburAreaseach.

2．助"edmpQc/zycﾉα血

Of64samplesofthisspecies,OnlyfOurare
fiomtheAreaI,andtherestfromtheAreall.

ThoughthesamplesfromtheAreaIarefewin

number,theytendtohavesmallerstemin

diameter,morecorticalfiberbundles,andleSs

pithfibers(Fig.2).

II．Anat0mcalvaria伽nrelatingtoalti-

伽dinalchange

Variationrelatingtoaltimdinalchangewas

exa皿nedonEMc/tyCIa血collectedfromthe

ArealI(Table2,Fig.3)&

1)Diameterofherbalstems(Fig.2-l)
Variationinthediameterofherbalstemsis

rathersmallinoneplantandinacolony.A

significantdifferenceisnotrecognizedbe-

tweentheaveragevaluesineachzones.

2)Numberofsubepidermalfiberbundles

(Fig.2-2)

TheplantshaVingmanysubepidermalfiber

bundlesarerareinhigheraltitudes・Thereisa

significantdifference(p<0.05)betweenthe

averagevaluesoftheplantintheAlt.zonesiV
orvandzoneii.

3)MaXimumnumberoffibersinasubepi-

dermalfiberbundle(Fig.2-3)

Plantsgrowingathigherplacestendtohave

morefibersinasubepidermalfiberbundle

thanthoseatlowerplaces,C.Cis-0.353.The

observedvalueislessthan25intheplants
fromtheAlt.zonesi,ii,andiii,whilesome

plantsfromthezonesivandvhavemorethan
25．

4)Numberofcorticalfiberbundles(Fig.

2-4）

NumberofcorticalfiberbundlesWidely

variesinasingleplant,inacolony,andinall

thematerials・Nosignificantdifferencecanbe

seenbetweentheaveragevaluesintheAlt.

zoneitov.Ontheotherhand,intheAreal,all

theplantseXaminedhavemorethan50bun-

dles,i.e､,observedvaluesareintherangeof54

to68withaverageto58,whilethosefifomthe

Areallareintherangeof6to72andthe

averageofeachAlt.zoneareintherangeof26
to29.
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5)Numberofpithfibers(Fig.2-5)

Numberofpithfibersisvariableinone

plants,inacolony,andinallthematerials.

Plantsgrowingathigherplacestendtohave

morepithfibersthanthoseatloWerplaces:

C.C.is0.373.Asignificantdifference(p<0.05)

wasrecognizedbetweentheaveragevaluein
theAlt.zonevandthatintheotherfburlower

zoneseach.

HI.Estima伽noftlleoriginaⅢ⑪calitiesof

Tibetancrudedrugs66BALU''and66TSHE''
1)"BALU''(KANP1305),aerialpartsof

EgemMjα"α

AsamplewaSobtainedfromatraditional

medicalhospitalinBhutan.Thissamplewas

estimatedtobeEgemMjα"αcollectedin

BhutanorSikkim,becauseithasmanyfibers

inasubepidennalfiberbundle:theobserved

valueofwhichwasintherangefrom36to49.

2)"TSHE''(KANP2415),aerialpartsof

Egem"ijα"α

AsamplewasobtainedfromaTibetan

medicalhospitalinKathmandu,Nepal・The

characteristicshavingnocorticalfiber,and

havingrathersmallnumberofpithfibers,

56-97,arewellcorrespondedtothoseofE

gem"加"αgrowingintheWestemandCen-

tralNepa1.

3)"TSHE''(KANP3038),aerialpartofE

"c/iycね血

AsamplewasobtainedfromaTibetan

medicalhospitalinJharkot,MustangDistrict,

DawlagiriZone,Nepal.ThissampleWasesti-

matedtobeE"chycm血collectedathigher

placesofWestemNepal,becauseofitsbigger

stems,havingmorethan20fibersinasubepi-
dermalfiberbundle,rathersmallnumberof

cOrticalfibers,andmanypithfibers:observed
valUeswere2.llto2.39mmindiameter,37to

43,32to51andl28tol44,respectively.

Discussion

l.AstheresultofStudyingthegeographical
variationsoftheinnerstructuresoftheherbal

stemsof助ﾉZe"qgem"加"αrelatedtolongi-

tudebetweenMid.WesternNepalandBhu-

tan,ageoclinethatthewesternsampleshad

biggerstemsindiameterandmoresubepider-
malfiberbundleswaSobserved.Moreover,

lOcalvariationswererecogniZed;i.e.,themost

oftheplantsgrOwinginMid.WestemNepal

hadcharacteristicallymorethan40cortical
fibers,andthoseinSikkimandBhutanhad

morethan50fibersinasubepidermalfiber

bundle.Besides,inthevariationrelatedto

altitudeonthesamplesofEpacﾉIycIa血,ten-

denciesthatplantsgrowingathigherplaces

havelesssubepidermalfiberbundles,more

fibersinasubepidennalfiberbundle,and

morefibersinthepith,,wererecognized.

Throughthisstmdy,itwasrevealedthattho
characteristicshaving'beenbelievedaSthe
histotaxonOmicaldiagnosticSof助向e"qplants

suchasdiameterofherbalstems,presenceor
absenceofcorticalfiberandthefiberinthe

pith,etc.(Konoshimal945),showedwide

intraspecificvariationsgeographically.This

factsuggeststhatalargenumberOfsamples

fromwidegeographicalrangeshouldbeex-
aminedfOrhistotaxonomicalstudiesonthe

genuS・Thevariationrelatedtoaltitudeand

latitudeisthoughttobecausedbythechange

oftemperature,whilethefactorsofthevaria-

tionwithlongitudeisnotSure.

2.Stapf(1889)describedonevarietyhav-

ingsmallerstemsinE.ge7""jα"α,var.

sj賊加e"sis,whichwassaidtobegrowingin

Bhutan,Sikkim,andEastemNepal.However,

thedescriptiondidnotgivetheexactrangeof
variationinthecharacters,andwecouldnot

distinguishthevarietyamongthesamples

examinedinthisstudy.Itisnotable,however,

thatplantsfromSikkimandBhutan,tendto

havelesssubepidermalfiberbundles,more

fibersinasubepidermalfiberbundles,more

fibersinthepith,andsmallerdiameterof
herbalstemsthanthoseofotherwesternplants,

whiletheplantsfromtheMid.WesternNepal
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havecorticalfibers.But,thevariationsof

thesefactorsaregeographicallycontinuous,
sotheexperimentalmaterialscouldnotbe

underclassifiedclearlybythesefactors.

3.Astheresultofmakingclearthedetails

oflocalvariationsofEgem"加"α,TSHE
usedinKathmanduandBALUinBhutan,

bothareaerialpartsofthisSpecies,couldbe
estimatedtohavebeencollecteditsnearsur-

roundings;i.e.,thefbrmercollectedinthe

WesternorCentralNepalandthelatterin
BhutanorSikkim.AsfOrTSHEusedinthe

WesternNepalHimalaya,aexialpartsofE
"chyc加加,itwasestimatedtohavebeen

cOllectedathigheraltitudesinWesternNepal.
InChinesetraditionalmedicine,theorigi-

nallocalityofcrudedrugisthoughttobeone

ofimportantinfbrmationfOrevaluatingthe

medicinalquality.Thoughithasbeengener-
allyconsideredtobedifficulttotelltheorigi-
nallocalityofthecrudedmgscirculatedin

markets,theresultofthisstudysuggeststhatit

maybepossibletosomeextentbystudyingthe
detailsoflocalvariationsofinnerStructuresof

themedicinalpartSoftheoriginalplants.

Expeditions,inwhichmostofmaterials

werecollected,weresupportedbytheMinis-

tryofEducation,GovemmentofJapan,Field

御影雅幸，近藤直子：ヒマラヤ産Ephedra属植物
の研究第2報．草質茎の内部形態的特徴の地理的

変異とチベット薬物「TSHE」および「BALU」の
産地

前報で，ヒマラヤ地域に分布する即hedmgemF
djα"αWall.exStapfとE〃chyc/a"Boiss.は，組織
分類学的に草質茎の横切面において表皮下繊維群

数の相違により明確に区別されることを報告し

た．一方，他の内部形態的要素をも含めて各形質

は大きな種内変異を示した．そこで，本研究では

各形質の変異と実験材料生育地の経度と標高との

相関を検討した．その結果,E.gem城α"αでは西方
の株ほど草質茎の直径が大きくなり表皮下繊維群

数が多くなるという，経度の変化に伴う連続的な

変異(クライン)が認められた．また,EpQchycﾉﾋZ血
では高地に生える株ほど表皮下繊維群の1群を構
成する細胞数と髄内繊維数が多くなるという標高

ResearchNos.07041132andO6041043.And

somewerethoselentfromTIandDr･Akihito

TakanoofShowaCollegeofPharmaceutical

Scienceswithanythanks.
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に伴う連続変異が認められた．緯度や標高に伴う

クラインは日照時間や気温の変化などに起因する

ことが考えられるが，経度の変化に伴うクライン

に関しては如何なる要因で生じるのか現時点では

不明である．またそれぞれの種で，皮層部の繊維

群数や髄内繊維数などに地域的な特徴が認められ
た．

本研究結果から，前報で原植物を解明した本属

由来のチベット薬物について，それらの産地を類

推することができた．中国医学では生薬の産地は

品質を評価する上で重要であるが，これまで市場

品の産地を証明する手段はなかった．今回の結果

は内部形態の地理的変異を精査することによりそ

れが可能であることを示唆している．

（金沢大学薬学部）


