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What is anthraquinonesWhat is anthraquinones？？

Dye ofDye of textiletextile
Food additiveFood additive
Hair dyeHair dye
cosmeticscosmetics
paintspaints
smoke curtainsmoke curtain

As pigments
Component of antiComponent of anti--carcinogecitic acarcinogecitic a
crude drugcrude drug
Antitumor chemicalsAntitumor chemicals
AnitbioticsAnitbiotics
diureticsdiuretics
laxativelaxative

As medicinesAs medicines

Carcynogecity and toxicity to human beeingCarcynogecity and toxicity to human beeing

･･Known more than 600 species as a SecondaryKnown more than 600 species as a Secondary
metabolites of plants, microorganisms, lichens and insectsmetabolites of plants, microorganisms, lichens and insects
･･Chemical synthesisChemical synthesis

Origin of anthraquinonesOrigin of anthraquinones

Uses of anthraquinonesUses of anthraquinones

recentlyrecently

O

O

Why study of anthraquinons in soil isWhy study of anthraquinons in soil is
important ?important ?

AllelopathyAllelopathy
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O

O

O
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Constituent of soil humicsConstituent of soil humics？？
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Complex capability with metalComplex capability with metal Index chemicals of timeIndex chemicals of time
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NN
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Review of study of AnthraquinonesReview of study of Anthraquinones
--concerning chrysotaluninconcerning chrysotalunin

Review of study of Anthraquinones in soilReview of study of Anthraquinones in soil
－－Antraquinone withoutAntraquinone without chrysotaluninchrysotalunin

7,7'7,7'--biphyscionbiphyscion (7BP)(7BP)

OH OHO

O

R1R2

chrysazinchrysazin

emodinemodin

physcionphyscion (PYS)(PYS)

chrysophanolchrysophanol (CPL)(CPL)

R1 R2

H H

CH3 H

OCH3

CH3

CH3

OH

OH OHO

O

CH3H3CO

2

OH OHO

O
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2
skyrinskyrin

O

O

OH OH

？？
unknown compoundunknown compound

XX11 XX22

Main anthraquinones in soil are CLN, CPL, PYS, 7BP
and two unidentified anthraquinones（Fujitake 1991)。
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ObjectiveObjective

There is no report AQ was extracted from a living thing

The synthetic pathway of anthraquinones in soil are different from the path
way in vivo.

•Identify chemical structure
•Clarify synthetic pathways
•Determine biological activity

natural products chemical studies are need in field of soil science

ObjectiveObjective

・purification and identification of
unknown anthraquinones in soil

・development of determination
method of anthraquinones in soil

・clarification of the distribution
pattern of anthraquinones in soil

clarification the
synthetic pathway of
anthraquinones in
soil

Clarification of theClarification of the
functions offunctions of
anthraquinones in soilanthraquinones in soil

Determination of biological
activity by bioassay
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Soil sampleSoil sample

Hyogo PrefectureHyogo Prefecture

vegitationvegitation：：Sasa palmataSasa palmata,,
Castanea crenata,Castanea crenata,
Quercus mongolica var.Quercus mongolica var.
grosseserrata,grosseserrata, PinusPinus
densifloradensiflora

Soil typeSoil type：：AndosolAndosol

Sampling ca.Sampling ca.
20kg from20kg from
surface layersurface layer

Extraction and purification of anthraquinonesExtraction and purification of anthraquinones（１）（１）

airair--dried soil (<2mm)dried soil (<2mm)
extracted with CHCl3 in soxhlet apparatus

filtration

solutionsolution pricipitatepricipitate
shaken with 1N NaOH

acidified by 3N HCl
shaken with EtOAc

EtOAc phaseEtOAc phase HH22O phaseO phase

silica gel column chromat.
Hex:Bz(1:1-0:1), CHCl3

Fr.1Fr.1
Fr.2Fr.2 Fr.3Fr.3

NaOH phaseNaOH phase CHClCHCl33 phasephase
extraction with
hot CHCl3

extracted solutionextracted solution

crude crystalcrude crystal
washing with H2O,Me2CO,
EtOAc and hex.

Pig. APig. A

TLC on silica gel plates with
Hex.:EtOAc:H2O(9:1:saturated)

upper bandupper band lower bandlower band

Pig.BPig.B Pig.C
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Extraction and purification of anthraquinonesExtraction and purification of anthraquinones （２）（２）

Fr.3Fr.3
CC1818 column chromat.column chromat.
with 75% EtOHwith 75% EtOH

Fr.3aFr.3a Fr.3bFr.3b
TLC on silica gel plates withTLC on silica gel plates with
hex.:EtOAc:Hhex.:EtOAc:H22O(9:1:saturated)O(9:1:saturated)

red bandred band yellow bandyellow band
recrystalizationrecrystalization
from EtOHfrom EtOH

recrystalizationrecrystalization
from EtOAcfrom EtOAc

crystalcrystal crystalcrystal

Pig.E Pig.F

Fr.2Fr.2
TLC on silica gel plates withTLC on silica gel plates with
hex.:EtOAc:Hhex.:EtOAc:H22O(9:1:saturated)O(9:1:saturated)

Pig.D

yellow bandyellow band

yellow crystalyellow crystal

recrystalization from EtOH and Hex.recrystalization from EtOH and Hex.

Pigments of corresponded to authentic sample of mass spectrumPigments of corresponded to authentic sample of mass spectrum、、RfRf
value of TLCvalue of TLC、、UVUV--VisibleVisible spectrumspectrum

Pig.APig.A

chrysotaluninchrysotalunin

Pig.BPig.B

chrysophanolchrysophanol

Pig.CPig.C

physcionphyscion

Pig.FPig.F

7,7'7,7'--biphyscionbiphyscion

Pig.DPig.D Pig.EPig.E？？

OH OHO

O

CH3

OH OHO

O

CH3H3CO

OH OHO

O

CH3H3CO

OH OHO

O

CH3

2

2

？？
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O OHOH

O

IR spectra of Pig. DIR spectra of Pig. D
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Mass spectra of Pig.DMass spectra of Pig.D
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4,4'4,4'--bichrysophanolbichrysophanol

H3CCH3
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O O
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OH OH OH OH

cassiamin Ccassiamin C
(2,2'(2,2'--bichrysophanol)bichrysophanol)

CH3

O

OOH OH

chrysophanol

×2
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ArAr--CHCH33 ArAr--HH 1,81,8--OHOH

numbernumber
of signalof signal 22 88 44

totaltotal

1414

aabb

2244668810101212(ppm)(ppm)

kk

ll
mm

nn

7.27.27.47.47.67.67.87.88.08.0
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l 3
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(2,7'-bichrysophanol)(2,7'-bichrysophanol)
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11HH--NMRNMR spectra ofspectra of Pig.DPig.D
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dd value ofvalue of 11HH--NMR (ppm)NMR (ppm)

ArAr--CHCH33

Pig.DPig.D--AcAc MCPMCP--AcAc

ArAr--HH

OO--AcAc

7.24bs7.24bs
7.40dd (7.40dd (JJ=8,1.5)=8,1.5)
7.58d(7.58d(JJ=8)=8)
7.77t (7.77t (JJ=8)=8)
8.04bs, 8.14s8.04bs, 8.14s
8.23dd (8.23dd (JJ=8,1.5)=8,1.5)
8.28d (8.28d (JJ=8)=8)

2.15s, 2.17s
2.46s

2.23s, 2.53s

7.27bs
7.44dd
(J=8,1.5)
7.59d (J=8)
7.80t (J=8)
8.06bs, 8.15bs
8.22dd
(J=8,1.5)
8.26d (J=8)
2.04s, 2.07s
2.38s

2.27s, 2.56s2.27s, 2.56s

compoundcompound

O

O

OHOH

CH3

O

O

CH3

OHOH

O

O

OHOH

CH3

O

O

CH3

OHOH

llmax of UVmax of UV--Vis spectrumVis spectrum

compoundcompound llmaxmax (CDCl(CDCl33))

Pig.DPig.D

Microcarpin (MCP)Microcarpin (MCP)

MCP-Ac

Pig.D-Ac

262, 290, 453262, 290, 453

264, 291, 455264, 291, 455

263, 347263, 347

263, 346263, 346

(2,7'-bichrysophanol)(2,7'-bichrysophanol)

MicrocarpinMicrocarpin

UVUV--VIS spectra of Pig.EVIS spectra of Pig.E

200 300 400 500 600

Wave length (nm)

A
B
S

260-290nm 400-500nm

300300

260260

455455

The peak of 1,8-
dihydroxy-
anthraquinone

4000 3000 2000 1500 1000 500

n(cm-1)

IR spectra ofIR spectra of Pig.Pig.EE

1603cm-1

chelated
carboxyl group

1672cm-1

non-chelated
carboxyl group

O OHOH

O

1,8-dihydroxyanthraquinone

O

O

OH

OH××
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Reducing clevarageReducing clevarage
of Pig.Eof Pig.E

Pig.EPig.E

Reductive cleavageReductive cleavage
with hot alklinewith hot alkline
NaNa22SS22OO44

Physcion M=284Physcion M=284

OH OHO

O

O

O OHOH ??

O

O

CH3H3CO

OHOH

600

Mass spectra of Pig.EMass spectra of Pig.E
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numbernumber
of signalof signal

11 33 22

totaltotal

77
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11

b 6,6'-OCH3
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Cosy spectrum of Pig.ECosy spectrum of Pig.E

33

44

55

66

77

88

334455667788 (ppm)(ppm)

aabbccddee
CDClCDCl33

aa

bb

cc
dd

ee

bb--cc

aa--ddaa--ee

dd--ee

CHCH33OCHOCH33

H3C OCH3

OH OHO

O

O

O

OH OH

CH3H3CO

H

H

H

HH

Ha

d

e

a

d

e

b

c

b

c

Chemical structure of Pig.EChemical structure of Pig.E
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Origin of main anthraquinones in soilOrigin of main anthraquinones in soil

Higher plants Microorganism

CLNCLN nothingnothing nothingnothing

MCPMCP nothingnothingAsphodelus microcarpasAsphodelus microcarpas (liliaceous)(liliaceous)

AsphodelineAsphodeline（（liliaceousliliaceous））
（（only in south Europeonly in south Europe））

nothingnothing7BP7BP
Dermocybe cinnamomeolutea
Tricholoma equestre

CPLCPL
Many fungiMany fungi､､many lichenmany lichenRhamnus, Rumex, Cassia, Polygonam,

Phaseolus, Rubia, Elatostema, etc.

PYSPYS
Rhamnus ､Zingiber ､liliaceousetc. fungi：Alternaria porri, penicillium

charlesii etc. Many fungiMany fungi､､manymany

lichenlichen

HKRHKR nothingnothing nothingnothing

The dimer antraquinones in soil (The dimer antraquinones in soil (CLNCLN,, 7BP, MCP,7BP, MCP, HKR) areHKR) are rarerare
compound in naturecompound in nature

Conclusion in this chapterConclusion in this chapter
Isolate and identify chrysotalunin, chrysoIsolate and identify chrysotalunin, chryso--
phanol, physcion, 7,7'phanol, physcion, 7,7'--biphyscion, microbiphyscion, micro--
carpin (2,7'carpin (2,7'--bichrysophanol)bichrysophanol)、、hinakurinhinakurin
(5,5'(5,5'--biphyscion)biphyscion)

microcarpin is new compound in soilmicrocarpin is new compound in soil
Hinakurin is new compound in natureHinakurin is new compound in nature

Dimer of anthraquinones are rare in nature,Dimer of anthraquinones are rare in nature,
but predominant in soilbut predominant in soil

・・

・・

・・
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ContentsContents
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main anthraquinones in soilmain anthraquinones in soil

chrysotalunin (CLN)chrysotalunin (CLN)
(7,7'(7,7'--bichrysophanol)bichrysophanol)

microcarpin (MCP)microcarpin (MCP)
2,7'2,7'--bichrysophanolbichrysophanol

O

O

CH3H3CO

OH OH

physcion (PYS)physcion (PYS)

7,7'7,7'--biphyscion (7BP)biphyscion (7BP)

OH

H3CO
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O
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OH

OHOH
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O

O
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OH OH

hinakurin (HKR)hinakurin (HKR)
(5,5'(5,5'--biphyscion)biphyscion)
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Which method do use for determination ofWhich method do use for determination of
anthraquinones in soilanthraquinones in soil？？

HPLCHPLC Impuriteis are irreversively absorbedImpuriteis are irreversively absorbed
on stationary phaseon stationary phase

GCGC

AQs do not vaporizeAQs do not vaporize

Impurities are irreversively absorbed onImpurities are irreversively absorbed on
stationary phasestationary phase
Low sensitivityLow sensitivity

One dimensionalOne dimensional TLCTLC
AQs canAQs can’’t be completely separated becauset be completely separated because

of many impuritiesof many impurities

Two dimensionalTwo dimensional TLCTLC
Quantitative determination is not simplyfiedQuantitative determination is not simplyfied
The number of sample at one development is tooThe number of sample at one development is too
lowlow

Multi developmentMulti development
（（two stage developmenttwo stage development））

TLCTLC

Quantitative determination is same as well as 1DQuantitative determination is same as well as 1D
TLCTLC
The number of sample is same as well as 1d TLCThe number of sample is same as well as 1d TLC

The Separability is same as well as 2d TLCThe Separability is same as well as 2d TLC

Two stage development method

8
c
m

8
c
m

1
5
c
m

1
5
c
m

1.5cm1.5cm
CHClCHCl33:EtoAc:FA:EtoAc:FA
(89:10:1, v/v/v)(89:10:1, v/v/v)

step1step1

7
c
m

7
c
m

step2step2

Hex.:EtOAc:Hex.:EtOAc:
HH22O:FAO:FA
(89:10:3.5:1,(89:10:3.5:1,
v/v/v/v)v/v/v/v)

7BP7BP

HKRHKR
MCPMCP

PYSPYS
CPLCPL

discarddiscard

densitometrydensitometry

aa bb cc

a:Mikawaa:Mikawa
b:standardb:standard
c:Makinoc:Makino
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DensitogramDensitogram
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Conclusion in this chapter

Five anthraquinones in soilFive anthraquinones in soil（（7BP7BP、、HKRHKR、、
MCPMCP、、PYSPYS、、CPLCPL））can be determine bycan be determine by

two stage development TLC withtwo stage development TLC with
scaning densitmetryscaning densitmetry

ContentsContents

１．Introduction

２．Purification and isolation of new
anthraquinones in soil

３．Development of determination of main
anthraquinones in soil

４．４．Distribution properties of anthraquinones inDistribution properties of anthraquinones in
soilsoil

５．Physiological activity of anthraquinone in
aoil
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Sampling site of soilSampling site of soil
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The average cotents of anthraquinones in soilsThe average cotents of anthraquinones in soils

Variable
between
soils
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Vertical distribution of AQs in Andosols profiles
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Vertical distribution of anthraquinones inVertical distribution of anthraquinones in SGSG--
GG andand SGSG--FF soil profilessoil profiles
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UVUV--VIS absorption spectra ofVIS absorption spectra of
CLN in CHClCLN in CHCl33 and ACC in MeOHand ACC in MeOH
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The effect of Al and ACC on alfalfa seedlingsThe effect of Al and ACC on alfalfa seedlings
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0.2mM0.2mM

0.4mM0.4mM

0.8mM0.8mM

conc. of Al

(mM)

0.2

0.4

0.8

Al ACC

root length (cm)

2.02

1.59

0.68

3.26

1.86

0.83

Al ACC

shoot length (cm)

2.12

1.91

1.16

2.06

2.01

0.99

significant difference (t-test) p<0.01
p<0.05

O O
Al

O O

OH

O

CH3

OH

O

H3C

O

O

H3C

OH OH

O

O

CH3

OHOH

conc. of Al

The effect of Al and ACC on lettuce seedlingsThe effect of Al and ACC on lettuce seedlings

conc. of Al

(mM)

0.2

0.4

0.8

Al ACC

root length (cm)

1.55

1.18

0.52

1.74

1.62

0.81

Al ACC

shoot length (cm)

3.00

3.00

2.35

3.80

3.11

2.29

AlAl ACCACC

0.2mM

0.4mM

0.8mM

Al3+ only

Al3+ +
O

O

H3C

OH OH

O

O

CH3

OHOH

O

3

OH O

CH

O

Al

inhibitinhibit

suppresssuppress
Al toxitityAl toxitity

?

significant difference (t-test) p<0.01

conc. of Al



26

Conclusion in this chapterConclusion in this chapter
・The main monomeric AQs，and CLN have complex

capability with Aluminum

・CLN, PYS, EMD suppress Aluminum toxicity to
plant.

・We speculate that CLN contents are correlated to
aluminum toxicity

resistant to degradation
high acumilation in soils
(McGrath 1972, Fujitake et al. 1992)

Synthetic pathway of anthraquinone in soil（hypothesis）
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UVUV--VIS spectra of AQs and its complexes in MeOHVIS spectra of AQs and its complexes in MeOH
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The effect of Al and ACC on alfalfa seedlingsThe effect of Al and ACC on alfalfa seedlings
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Mechnism of aluminum suppression in soil (hypothesis)Mechnism of aluminum suppression in soil (hypothesis)
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