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What is anthraquinones ?

Origin of anthraquinones

-Known more than 600 species as a Secondary
metabolites of plants, microorganisms, lichens and insects
-Chemical synthesis

Uses of anthraquinones
As pigments As medicines
Dye of textile Component of anti-carcinogecitic a
Food additive crude drug
Hair dye Antitumor chemicals
cosmetics Anitbiotics
paints diuretics
smoke curtain laxative

recently
Carcynogecity and toxicity to human beeing

Why studly of anthraquinons in soil is
important ?

Constituent of soil humics ? Allelopathy _\ S
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Review of studly of Anthraquinones CLNmg k')
-concerning chrysotalunin ' '

Distribution of CLN in
Makino soil profile

Ireland = ———
(McGrath, 1967)

anada (McGrath, 1972)

=—Japan 90 site
(Matui & Kumada, 1974;
Fujitake et al., 1990,1991)

Nepal (Suzuki, 1997)
ewzealand (Foo & Tate, 1977)

Review of study of Anthraquinones in soil
—Antraquinone without chrysotalunin

OH O OH oH o o

chrysazin

emodin

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




Objective

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.

natural products chemical studies are need in field of soil science

°Identify chemical structure
*Clarify synthetic pathways
*Determine biological activity

Objective

* purification and identification of
clarification the unknown anthraquinones in soil
synthetic pathway of - - development of determination
anthraquinones in method of anthraquinones in soil
soil + clarification of the distribution

pattern of anthraquinones in soil

Clarification of the - Determination of biological

functions of

. . . activity by bioassay
anthraquinones in soil
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Main anthraquinones in soil
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Soil sample

Hyogo Prefecture
| '

Sampling ca.
20kg from
surface layer

vegitation : Sasa palmata,
Castanea crenata, ; )
QRuercus mongolica var. Soil type - Andosol

grosseserrata, Pinus
densiflora

air-dried soil (<2mm)
| extracted with CHCL, in soxhlet apparatus

extracted solution
ﬁ?tragon

|
solution pricipitate

shaken with 1IN NaOH . .
extraction with

NaOH phase
5 cidified by 3N HCI CHCI; phase hot CHCl,

a
shaken with EtOAc crude crystal

washing with H,0,Me,CO,
EtOAc phase HQO phase EtOAc and hex.
silica gel column chromat.

Hex:Bz(1:1-0:1), CHCl,

Fr.1
TLC on silica gel plates with
Hex.:EtOAc:H,0(9: 1:saturated)

upper band lower band

Extraction and purification of anthraquinones (1)




Fr.2

TLC on silica gel plates with
hex.:EtOAc:H,0(9:1:saturated)

yellow band
| recrystalization from EtOH and Hex.

yellow crystal
Fr.3

C,g column chromat.
with 75% EtOH

Fr.3a Fr.3b
TLC on silica gel plates with 1

hex.:EtOAc:H,0(9:1:saturated)
red band yellow band

recrystalization recrystalization
from EtOH from EtOAc

crystal crvstal

Extraction and purification of anthraquinones (2)

Pigments of corresponded to authentic sample of mass spectrum, Rf
value of TLC, UV-Visible spectrum
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260-290nm 400-500nm

400 500 600
e lesmgin () 4000 3000 2000 1500 1000

V(cm?)
1672cm! 1603cm!
non-chelated chelated
carboxyl group| |carboxy! group

(o] OH

Characterize 1,8
dihydroxy- 0 Z |)I\J©
anthraquinone N T Z

1,8-dihydroxyanthraquinone

OH O

UV-Vis spectra of Pig. D IR spectra of Pig. D

OH O OH OH O [o,]

o S L, U
80 CHs CHj
o o

70

: microcarpin

— 89 dehydrodimer of chrysophanol (2,7'-bichrysophanol)
50 (Ex. chrysotalunin)

40

30

20 *O‘O *O‘O
CHz HyC

10 o o

(0]

0 100 200 300 400 500
(m/z)

Mass spectra of Pig.D

OH OH

asphodelin
cassiamin C 4,7' -bichrysophanol)
(2,2'-bichrysophanol)

dianhydrorugulosin

chrysophanol 4,4 -bichrysophanol (5.5' -bichrysophanol)




Ar-CH; Ar-H
number

of signal 2 8

Microcarpin
(2,7'-bichrysophanol)

1H-NMR spectra of Pig.D

8.0
8.0 (pPpm)

COSY spectra of Pig.D




Amax of UV-Vis spectrum

compound Amax (CDCly)

Microcarpin (MCP) 262,290,453  Ar-CH; 9 574 9 566
Pig.D 264,291,455 A

MCP-Ac 263, 347

Microcarpin

(2,7'-bichrysophanol)

260-290nm 400-500nm

OH O

The peak of 1,8-
dihydroxy-
anthraquinone

UV-VIS spectra of Pig.E

=z
1,8-dihydroxyanthraquinone @L“

é value of 1 H-NMR (ppm)

compound  Pig.D-Ac MCP-Ac

2.23s, 2.53s

7.24bs 7.27bs

7.40dd (J=8,1.5) 7.44dd
7.58d(J=8) (J=8,1.5)

7.77t (J=8) 7.59d (J=8)
8.04bs, 8.14s  7.80t (J=8)
8.23dd (J=8,1.5) 8.06bs, 8.15bs
8.28d (J=8) 8.22dd

2.15s, 2.17s
2.46s

T
4000 3000 2000 1500 1000

V(cm?)
1672cm! 1603cm-!
non-chelated chelated

carboxyl group

OH

carboxyl group

OH O

IR spectra of Pig.E
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dehydrodimer of physcion Pig.E
(ex. 7,7'-biphyscion)

M=566 Reductive cleavage

with hot alkline
N025204

OH O OH

100 200 300 hi3C0 CHs

m/z 0

Physcion M=284

Mass spectra of Pig.E Reducing clevarage
of Pig.E

a 3,3'-CH,4
b 6,6'-OCH,4
c 7,7-H

d 2,2'-H

e 4,4-H

dimer of
physcion

a Ar-CH; Ar-OCH; Ar-H

= Srumber

of signal ! e

2 2 1H-NMR spectrum of PYS and Pig.E
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5 4 3 (ppm)

Cosy spectrum of Pig.E

5,5"-biphyscion (named hinakurin: HKR)

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

Higher plants Microorganism

CPL Rhamnus, Rumex, Cassia, Polygonam, Many fungi, many lichen
Phaseolus, Rubia, Elatostema, etc.

PYS Rhamnus . Zingiber . liliaceousetc. fungi : Alternaria porri, penicillium
charlesii etc. Many fungi. many
lichen

Dermocybe cinnamomeolutea
Tricholoma equestre

7BP nothing

MCP Asphodelus microcarpas (liliaceous) nothing
Asphodeline (llliaceous)
(only in south Europe)

nothing nothing

-

The dimer antraquinones in soil ( , 7TBP, MCP,
compound in nature

Conclusion in this chapter

- Isolate and identify chrysotalunin, chryso-
phanol, physcion, 7,7'-biphyscion, micro-
carpin (2,7'-bichrysophanol), hinakurin
(5,5'-biphyscion)

- microcarpin is new compound in soil
Hinakurin is new compound in nature

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

13
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main anthraquinones in soil

OH O OH

OH O (o], ]

(o)

physcion (PYS) ’

OH O OH
"o 7,7'-biphyscion (7BP) hinakurin (HKR)

CH3 (5,5'-biphyscion)

o o
chrysophanol (CPL) o1 9. en &3
A
H3C | Z (I)H (o] OH
(o}

chrysotalunin (CLN) moicrocarpin (MCP)
(7,7'-bichrysophanol)  2,7'-bichrysophanol
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Which method do use for determination of
anthraquinones in soil ?

HPLC

GC

One dimensional TLC

Two dimensional TLC

Multi development
(two stage development)
TLC

Impuriteis are irreversively absorbed
on stationary phase

AQs do not vaporize

Impurities are irreversively absorbed on
stationary phase

Low sensitivity

AQs can’t be completely separated because
of many impurities

Quantitative determination is not simplyfied

The number of sample at one development is too
low

Quantitative determination is same as well as 1D
TLC

The number of sample is same as well as 1d TLC
The Separability is same as well as 2d TLC

step2

Hex.:EtOAc:
H,O:FA
(89:10:3.5:1,

1.5cm stepl v/v/v/vV)

a:Mikawa (89:10:1,

b:standard
c:Makino

CHCI;:EtoAc:FA
v/v/v)

Two stage development method

15



o T T T T 1
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Mikawa
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Caliblation curb for 7BP, PYS, CPL

Shimadzu CS9000
zig-zag

reflectance mode
Ag=430nm
Ap=540nm

71 T T T T 1 —T1 1 11 T 1
20 30 40 50 60 70 10 20 30 40 50 60 70

(mm) (mm)

standard Makino

Densitogram

BP: r=0.993

/ CPL: r=0.995
200 300 °
sample size (ng)
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Conclusion in this chapter

Five anthraquinones in soil (7BP, HKR.
MCP., PYS. CPL) can be determine by

two stage development TLC with
scaning densitmetry

Contents
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Sampling site of soil

(ng kgsoil ) CLN
- (mg kg™!)

(ng kgsoil™?)

H;CO’ I

The contents of anthraquinones in soil
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kg'!
(g % 02]

OH O OH OH O OH

‘ ‘ O 10 g ‘ ‘
H3CO CHs CH3
o)

(o]

physcion chrysophanol
(CPL)

The average cotents of anthraquinones in soils

Umbric Andosols
. | Alophanic Andosols
Distric Cambisols B \on-alophanic andosols | Alophanic Andosols

allophan and imogolite

CLN CLN (amorphous)
(mgkg?) (ugkg?) (mg kg!)

(ug kg!)
500

Non-alophanic Andosols

crystallinity claymineral
Aluminum toxicity is

The contents of AQs

0 are large in Andosols
of large aluminum
toxicity

The contents of anthraquinones in soil between soil types




Exchange acidty (y;) is used as
a index of aluminum toxicity
(Saigusa et al. 1980) ,

Correlation of y; and contents
of anthraquinones

content of CLN (mg kg'l)

chrysotalunin
CLN is Large contents in large
aluminum toxcitic Andosol

Correlation of y, and contents of anthraquinones

~ (ugkgsoil ) (ug kg soil™!) (mg kg soil
3 2000 ¢ 0 pli] 30 0 0 20 30

depth(cm)
depth( cm)
depthcm)

7BP

(ug kg soil™!) (i i (ug kg soil™!)
00 0 5 15 0 0 200 300

depth(cm)
depth(cm)

depth(cm)

depthcm)

80 Q " _ _ _ _ _
H O Of & H O Of “‘H ? “H

. 2

Vertical distribution of AQs in MKN soil profile
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Vertical distribution of ARs in Andosols profiles

content content

CLN
MCP
CPL

OH O OH

o

The peak of contents is
the middle of surface
horizon in all profiles

The contents peak is
different in every soil
profile

Succession of grass land to forest

¥

Difference of anthraquinone ?

SG-F

Maintain Forest after 40

grassland by year
cutting grass
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contents (mgkg") contents (;1gkg) contents (gkg')
1000 2000 3000 5 100 150

depth (cm)

contents (gkg) contents (ugkg c s (ugke comemslygkg")
100 200 0 200 400 600 800

g S 5
= = =
= o =
z = z
Z 3

60 bt bl 60

Vertical distribution of anthraquinones in
and SG-F soil profiles

=

discussion of this chapter

Predominantly
occuring in all
soil. Not variable
between soils

. . content > FOREST
Occuring in
almost soil
variable between

soils

CPL and its dimers and Dimeric AQs are rear
PYS and its dimers are in nature but

made different predominatnt in soil

synthetic pathway in Monomeric AQs
soil \ decrease and
Dimeric AQs in soil are dimeric AQs are

Monomeric AQ are q q . increase
predominant occuring in dimerization of accordingly

nature monomeric AQs. forestration




The outline of the study in this chapter

o
CH3
AL AT T
X LY

o . CLN contents has a significant
CLN : relationship with exchangeable Al

o]
chelating capability
soil profile

| Sy E_Q 10min 20min 30min
0.02mM CLN  0.2mM AI(NO,),

(in hot CHCI,) (in MeOH)
80ml 80ml

evaporation to
dryness

bioassa

refluxed
at 60° C




metanolic =
HCl L_gg..

CLN+Al

solubility

absorbance

400

wave length (nm)

UV-VIS absorption spectra of
CLN in CHCl; and ACC in MeOH

Method of bioassay

Al and in 0.1ml MeOH

i )

Bl

~ig

_——

0.5% agar soln. (10ml)

dil. HNO,
or
dil. NaOH

Al medium and

medium . N
incubation in a growth chamber

adjust the pH values (for 4days at 20°C in darkness)




conc. of Al AC

= ( conc. of Al root length (cm) shoot length (cm)

(mM) N N

0.2 2.02 3.26 2.12
0.4 1.59 1.86 1.91
0.8 0.68 0.83 1.16

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

T

o 0 OH

A

N,

%
OH O o

CHs
o

The effect of Al and ACC on alfalfa seedlings

conc. of Al ACC b conc. of Al root length (cm) shoot length (cm)
- (mM) N

Al

0.2 1.55 1.74 3.00
0.4 1.18 1.62 3.00
0.8 0.52 0.81 2.35

significant difference (t-test) p<0.01

SOUP

Al3+ + N NN N

|

I
e N \H/ N~ OH

The effect of Al and ACC on lettuce seedlings
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Conclusion 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

. degradation
) ng"ad"‘“O“V i (Linhres et al. 1979)
(Linhres et al. 1979) higher plant, fungi, lichen etc. (Thomson 1987)

enzymatic conversion
(Anderson 1985)

T 9
degradation polymerization ?

(Chen et al. 1995))

minor
product

resistant to degradation — complex with AP+ o :
7,7'-biphyscion

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

0
chrysotalunin

Synthetic pathway of anthraquinone in soil (hypothesis)
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380 480 580 8 380 480 580 680

Wave Length (nm) Wave Length (nm)

380 480 580 280 380 480 580

Wave Length (nm) Wave Length (nm)

UV-VIS spectra of AQs and its complexes in MeOH

o

I
g
~

&
Suppress ’ }
i.n O . 4mM ’ 0 0.2 0.4%%* 0.8 0 0.2* 0.4%** 08

Al concentration (mM) Al concentration (mM)

Root length (mm)

suppress 7 N |

0.2** 0.4 0.8
Al concentration (mM)

in 0.4mM° —,

02 0.4%* 0.8
Al concentration (mM)

Error bars mean standard deviation
Significant difference between only Al and Al complex
B Al complex *p<005 **p<0‘01 ***p<0‘001

The effect of Al and ACC on lettuce seedlings




0

Suppress..
suppress o - in 0.4mMo.

0.2 0.4 .8 0.2 0.4%**
Al concentration (mM) Al concentration (mM)

- 1empDgmu [
I N B
& .

[
30

Root length (mm)

T
[=} (=}

ot length (mm)
Root length (mm)

20

S 1(’) Don,t 10
in 0.4mM , BN | suppress , 1 mm

0.2 0.4%%* 0.8 0.2 0.4* 0.8

Al concentration (mM) Al concentration (mM)

Error bars mean standard deviation
Significant difference between only Al and Al complex
B Alcomplex | *p<0.05 **p<0.01 ***p<0.001

The effect of Al and ACC on alfalfa seedlings

Non-active form active form

g
° dimerization

* CPL ' CLN
Don’t almost suppress §uppress the Al toxicity
the Al toxicity to plant to plant

(most predominant in soil,
Corelated with aluminum toxcity)

PYS and EMD
active form

> 0 Small

o needless to amout of

e dimerize ;.
. dimerize dimers

aglycon

e

Lo

6glucoside

Don’t suppress the Al toxicity to plant suppress the Al toxicity to plant

Mechnism of aluminum suppression in soil (hypothesis)

28



