CHAPTER I1

HISTORICAL

1. Chemical Constituents of Pachyrrhizus spp.
A number of compounds have been isolated from the only one species,
Pachyrrhizus erosus. Various classes of flavonoids were identified including

coumarin, coumaronochromene, co -I tan, flavonoid glycoside, isoflavanones,
]

isoflavone, pterocarpan and rotenoids (Tabled )s

Table 1 Distribution of Chemieal Con tit 7 ats in Pa hyrrhizus erosus

Reference

Chemical constituen / //éﬁ@s\. :t

Yahara et al., 1994

Daidzin [1] ~a c 4 | Seed
g g N

. Seed | Krishnamurti and
Seshadri, 1966

Dehydroneotenone [2]

Dehydropachyrrhizone [3] Krishnamurti,
Sambhy and
V. Seshadri, 1970
| (+)-Dolineone [4] m | ﬁed Krishnamurti and

Seshadri, 1966

Erosenone [S]ﬂ u 8 ’J msﬂawd% w 8 ’}ﬂ "iil(alra, Krishnamurti

and Nath, 1977

Ef“““ofm AN FETIMN A Ye e

(+)-Erosone [7] Rotenoid Seed | Krishnamurti and
Seshadri, 1966

(+)-12a-Hydroxydolineone[8] | Rotenoid Seed | Krishnamurti,
Sambhy and

Seshadri, 1970
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Chemical constituent Category Plant Reference
part

(+)-12a-Hydroxyerosone Rotenoid Seed | Kalra, Krishnamurti

[9] and Nath, 1977
(+)-12a-Hydroxy- Rotenoid Seed | Kalra, Krishnamurti

munduserone [10] and Nath, 1977
(+)-12a-Hydroxy- Seed | Krishnamurti,

pachyrrhizone [11] Sambhy and

Seshadri, 1970

(-)-12a-Hydroxyrotenos Kalra, Krishnamurti

[12]
(+)-Munduserone [13]
Neodulin [14]

Neotenone [15]

Pachyrrhisomene [16]

|

Pachyrrhizin [17] | - 5 Rl

(+)-Pachyrrhizone [1 X-B‘x.._
o] 3 W E
) G

somn UL
o 191"

Kaikasaponin III [21]

Rotenoid

acid)
Miscellany (Saponin)

and Nath, 1977
Kardono et al., 1990
Crombie and
Whiting, 1963
Krishnamurti and
Seshadri, 1966
Kardono et al., 1990
Krishnamurti and
Seshadri, 1966
Krishnamurti and
'Seshadri, 1966

ql Krishnamurti and

=4

Seed

S&s}adri, 1966

ahEz’ et al., 1994

Yahara et al., 1994
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2. Chemical Constituents of Millettia spp.
A number of chemical constituents of the genus Millettia can be classified as

flavonoids in various classes and some miscellaneous substances (Tables 2-3).

Table 2 Distribution of Flavonoids in Millettia

Plant and compound Class Plant Reference

part

Millettia auriculata ' \\:\\\ |
Auricularin [22] o Rao, Prasad and Ganapaty,

992

Auriculasin [23] Minhaj et al., 1976
Auriculatin [24] \ abbir et al., 1968
Auriculin [25] .\ habbir and Zaman, 1970
Aurmillone [26] Raju and Srimannarayana,

978

Rao, Prasad and Ganapaty,
1992

Minhaj et al., 1976

habbir and Zaman, 1970
Gupta et al., 1983

2'-Deoxyisoauriculatin [27]

Isoauriculasin [28]
Isoauriculatin [29]L:§

Isoaurmillone [30] - ‘

=

2'-O-Methylisoauric in soflavone -aao, Prasad and Ganapaty,
1992
Millettin [32ﬂ u ﬂ ,g s (&]ﬂ% j Wegl ’}nglx‘%al., 1981
Scandenone [3 Isoflavone R(')g[. Rao, Pras&}i and Ganapaty,
FA)ANNIUNRNINT )N E
(-)-Sumatrol [34] Rotenoid Root | Shabbir et al., 1968

Seed | Rao, Prasad and Ganapaty,
1992
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Plant and compound Class Plant part Reference
Millettia conraui
Conrauinone A [35] Isoflavone Stem bark | Fuendjiep et al., 1998a
Conrauinone B [36] Isoflavone Stem bark | Fuendjiep et al., 1998a
Conrauinone C [37] Isoflavone Stem bark | Fuendjiep et al., 1998b
Conrauinone D [38]. Stem bark | Fuendjiep et al., 1998b
7-Hydroxy-6-methoxy-3',4'- N \ @Z// Stem bark | Fuendjiep et al., 1998b

methylenedioxyisoflavone- “-7

5-Methoxydurmillone 4 ‘

Millettia dura

Calopogonium isoflayg
6a,12a-Dehydrode gueli
Deguelin [43]

6-Demethyldurallone [44]

tem bark

Fuendjiep et al., 1998a

7,2'-Dimeyhoxy-4',

methylenedioxyisoflavone [45]

Durallone [46h u E] ’J 'V]

Durlettone [47]

ARIANNT

Durmillone [48]

Ferrugone [49]

Isoflavone

NIn

Isoflavone

4117

Isoflavone

Isoflavone

bark

19

Seed

Seed

Stem bark

Seed pod

Yenesew, Midiwo and
Waterman, 1996
Ollis, Rhodes and
Sutherland, 1967
Dange, Mammo and
Bekele, 1991
Yenesew, Midiwo and
Waterman, 1996
Dange, Mammo and
Bekele, 1991
Yenesew, Midiwo and
Waterman, 1996
q911is, Rhodes and

V17)7) fptitertand, 1967

Ollis, Rhodes and
Sutherland, 1967
Yenesew, Midiwo and
Waterman, 1996
Yenesew, Midiwo and

Waterman, 1997
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Plant and compound Class Plant part Reference
Formononetin [50] Isoflavone | Seed pod | Yenesew, Midiwo
and Waterman, 1997
4-Hydroxyderricin [51] Chalcone Stem bark | Dange, Mammo and
Root bark | Bekele, 1991
4-Hydroxylonchocarpin [52] Stem bark | Dange, Mammo and

Isoerythrin-A 4'-(3-meth
-2-enyl) ether [53]
Jamaicin [54]
Maximaisoflavone B [
Maximaisoflavone D

Maximaisoflavone H [57]

6-Methoxycalopog

Root bark

isoflavone A [58]
Milldurone [59]

(-)-Millettonﬁiou gfj. ¥l
ARIANNTT

(-)-Millettosin [61]

Predurallone [62]

(-)-Rotenone [19]

BT}

Isoflavone

Isoflavone

Rotenoid

Seed pod

Seed

Bekele, 1991
Yenesew, Midiwo
and Waterman, 1996
Yenesew, Midiwo
and Waterman, 1997
Dange, Mammo and
Bekele, 1991
Yenesew, Midiwo
and Waterman, 1996
Yenesew, Midiwo
and Waterman, 1996
Yenesew, Midiwo
and Waterman, 1997
Ollis, Rhodes

and Sutherland, 1967

-~
;Olhs, Rhodes

an&lJSutherland, 1967
: ﬁ , Midiwo
and Waterman, 1997
Ollis, Rhodes

and Sutherland, 1967
Yenesew, Midiwo
and Waterman, 1996
Ollis, Rhodes

and Sutherland, 1967
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Table 2 (continued)

Plant and compound Class Plant part Reference

(-)-Tephrosin [63] Rotenoid Seed Ollis, Rhodes
and Sutherland, 1967
Seed pod | Yenesew, Midiwo and

Waterman, 1997

Millettia erythrocalyx
Derricidin [64] Stem bark | Sritularak et al., 2002
7-y,y-Dimethylallyloxyflavanone avanoiie tem bark | Sritularak et al., 2002

(651 7 |
2'-Hydroxy-3,4-met ed

4'-y,y-dimethylallyl
[66]

a bark | Sritularak et al., 2002

4 Methylemedions6 % j Sritularak et al., 2002
dimethoxyflavone (Millet 9}2# “L .,
[67] Pzl
3',4'-Methylenedioxy-7-metl @ lavon tem bark | Sritularak er a/., 2002
flavone [68] = '
Milletenone [69] Sritularak ef al., 2002

Millettocalyxin A [70] 4 2 bark | Sritularak et al., 2002
| Sritularak ef /., 2002
Flavoner Stem bark | Sritularak et al., 2002

ﬂgﬁew | é}lﬂ.rﬁ Sritularak ef al., 2002

Millettocalyxin B [7
Millettocalyxin C [7

Ovalifolin [7 EJ ’g V]

{ Fla _| Stem bark | Sritularak et a/., 2002
Pongaglabronéq'f74] | vone em qr} arak et a

e GAANIARI Fi il ﬁ‘ﬁlﬂ QY e ot 2002
Pongal ‘methyl ether [76] Flavone Stem bark | Sritularak et al., 2002

Prunetin [77) Isoflavone | Stem bark | Sritularak ez a/., 2002
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Plant and compound Class Plant part Reference
Millettia ferruginea
Deguelin [43] Rotenoid Seed Highet and Highet, 1967
Durmillone [48] Isoflavone Seed Highet and Highet, 1967
Ferrugone [49] Isoflavone Seed Highet and Highet, 1967
(-)-Rotenone [19] i Seed Highet and Highet, 1967

Millettia ferruginea
subsp. darassana
Barbigerone [78]
Calopogonium isoflav

Durmillone [48]

Ferrugone [49]

Flemichapparin B [79]

Q

7-Hydroxy-5,6-dimeti o
methylenedioxyisoﬂgo
(-)-12a-Hydroxyrotenone [12]

Ichthynone [S@J u El 'J ‘VI

QR VAN RHNE

9
5-Methoxydurmillone [40]

Predurmillone [82]
Prefurrugone [83]
(-)-Tephrosin [63]

Rotenoid, »

Eohop 1\ e 3

Isoflavone

[soflavone
Isoflavone

Rotenoid

Seed

Ridad

Stem bark

Seed
Seed
Seed

Dagne and Bekele, 1990
Dagne and Bekele, 1990
Dagne, Bekele and
Waterman, 1989
Dagne and Bekele, 1990
Dagne, Bekele and
Waterman, 1989
Dagne and Bekele, 1990
Dagne, Bekele and
Waterman, 1989
Dagne, Bekele and
Waterman, 1989
Dagne and Bekele, 1990
} Dagne, Bekele and
Vzgterman, 1989

% Bekele and
Q;aterman, 1989
Dagne, Bekele and
Waterman, 1989
Dagne and Bekele, 1990

Dagne and Bekele, 1990
Dagne and Bekele, 1990
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Plant and compound Class Plant part Reference
Millettia ferruginea
subsp. Ferruginea
Barbigerone [78] Isoflavone | Seed Dagne and Bekele, 1990
Calopogonium isoflavone A [41] Isoflavone | Seed Dagne and Bekele, 1990
Calopogonium isoflavone B [84] Stem bark | Dagne and Bekele, 1990
Durmillone [48] ' Dagne and Bekele, 1990

Ferrugone [49]

7-O-Geranylformono

I[sojamaicin [88]

Jamaicin [54]

5-Methoxydurmillone [40].

ﬂ‘IJEJ’J‘VIEJ
Nordﬁ

TN T

Pre-5-methoxydurmillone [91]
(-)-Rotenone [19]

Isoflavone

Rotenoid

Root bark
it
Root bark
Seed

Dagne and Bekele, 1990
Dagne et al., 1990
Dagne et al., 1990
Dagne et al., 1990
Dagne, Bekele and
Waterman, 1989
Dagne, Bekele and
Waterman, 1989
Dagne, Bekele and
Waterman, 1989
Dagne, Bekele and
Waterman, 1989
Dagne et al., 1990
Dagne, Bekele and
Waterman, 1989
laigne etal., 1990
etal., 1990
@Zgne and Bekele, 1990
Dagne and Bekele, 1990
Dagne and Bekele, 1990
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Plant and compound Class Plant part Reference
Millettia griffoniana
Calopogonium isoflavone B [84] Isoflavone | Root bark | Yankep, Fomum and
Dagne, 1997
3',4'-Dihydroxy-7-O-[(E)-3,7- Isoflavone | Root bark | Yankep ef al., 1998

dimethyl-2,6- octadlenyl]lsoﬂavo
[92]

7,2'—Dimethoxy-4',5'-meth
f

7-O-Geranylformononeti

isoflavone [45]

Durmillone [48]

Griffonianone C [96] j
7-Hydroxy-6-methoxy-3'# .

methylenedioﬂ %\%} ’ao‘ﬂ $)

4-Hydroxy-5,6 Ntrlmethoxy-l’» (3, 4

0 L5

J amalcqu[

Maximaisoflavone G [98]
4'-Methoxy-7-O-[(E)-3-methyl-7-
hydroxymethyl-2,6-octadienyl]

isoflavone [99]

VOl’lG

KT

3-Aryl
-
Jl:so:Lvo:e]

Isoflavone

Isoflavone

Root bark

)13

Root bark
)

Root bark
Root bark

Yankep, Fomum and
Dagne, 1997
Yankep, Fomum and
Dagne, 1997
Yankep, Fomum and
Dagne, 1997
Yankep, Fomum and
Dagne, 1997
Yankep, Fomum and
Dagne, 1997
Yankep et al., 2001
Yankep ef al., 2001
Yankep et al., 2001
Yankep et al., 2001

Yankep et al., 1998
s

2
Ilﬂ'eé!ep, Fomum and

Dagne, 1997
Yankep et al., 2001
Yankep et al., 1998
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Plant and compound Class Plant part Reference
Odorantin [100] Isoflavone | Root bark | Yankep, Fomum and
Dagne, 1997
Millettia hemsleyana
Dihydroisomilletenone methyl ether Chalcone | Stem bark | Mahmoud and
[101] Waterman, 1985
Dihydromilletenone methyl ethier Stem bark | Mahmoud and
[102] — Waterman, 1985
Lanceolatin B [103] F bark | Mahmoud and
/ | Waterman, 1985
3',4'-Methylenedi6xy-7 t em bark Mahmoud and
flavone [68] Waterman, 1985
Milletenone [69] em bark | Mahmoud and
Waterman, 1985
Pongaflavone [104] em bark | Mahmoud and

Waterman, 1985

Millettia ichthyochtona

3,6-Dimethoxyfur ",5"8,7]

)

flavone [105]

Jamaicin [54]

pyrano[S",6":6,y]isoﬂavone [106] .

avone

s A EMANE NHENE

Kamperdick et al.,
1998
Kamperdick et al.,
1998
Kamperdick et al.,
&398

Millem'ﬁlw;?ﬁ] a Q ’r‘ '| ‘j m ;

Calycosin [107]
Glyricidin [108]
Laurentinol [109]

Laurentiquinone [110]

iige)

Isoflavone
Isoflavone
Flavonol

Isoflavan

Wood
Wood
Wood
Wood

VIE16

Kamnaing et al., 1999
Kamnaing et al., 1999
Kamnaing et al., 1999
Kamnaing et al., 1999
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Plant and compound Class Plant Reference
part
Millettia ovalifolia
1-(4-Hydroxy-5-benzofuranyl)-3- Chalcone | Root Saxena et al., 1987
phenyl-2-propen-1-one [111]
7-Hydroxy-6,8-di-C-prenylflavanone vanone | Seed Gupta and Krishnamurti,
(Ovaliflavanone A) [112] \ '7)/ | 1976a
7-Hydroxy-8-C-prenylflavan - Flavate Seed Gupta and Krishnamurti,
(Ovaliflavanone B) [np H 1976a
Kanjone[114] / Gupta and Krishnamurti,
: 1976a '
Karanjin [115] Gupta and Krishnamurti,
1976a
Lanceolatin B [103] Gupta and Krishnamurti,
1976a

Milletenin A [116]
Milletenin B [117]
Milletenin C [67]

Milletenone [69]

Ovalichalcone [118]

) 53N
ovalidq:wwl\ az% n i ﬂj

Ovalichromene B [121]

Ovaliflavanone C [122]

Flavanone

Flavanone

Khan and Zaman, 1974
Khan and Zaman, 1974
Khan and Zaman, 1974
Khan and Zaman, 1974
Gupta and Krishnamurti,
1977a

jGupta and Krishnamurti,
1976b

Iﬁﬂgnd Krishnamurti,
976

Gupta and Krishnamurti,
1976¢
Islam, Gupta and

Krishnamurti, 1980
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Plant and compound Class Plant part Reference

Ovaliflavanone D [123] Flavanone Seed Islam, Gupta and
Krishnamurti, 1980

Ovalifolin [73] Flavone Leaf Khan and Zaman, 1974

Ovalitenin A [124] Chalcone Seed Gupta and Krishnamurti,
1977b

Ovalitenin B [125] Gupta and Krishnamurti, |
1976¢

Ovalitenin C [126]

Islam, Gupta and

Krishnamurti, 1980

Ovalitenone [127] Gupta and Krishnamurti,
1977b
Pongachalcone I [128 Gupta and Krishnamurti,
1976¢
Pongaglabrone [74] Gupta and Krishnamurti,
1976a
Pongamol [129] Gupta and Krishnamurti,
1976b
Pongapin [130] Gupta and Krishnamurti,
- 1976b
Millettia pachycarpa =S L7 I
Chalcone [131Ffu 8 ’J v ﬂamrﬁ w &le:i] ﬂ ﬁSinghal etal., 1983

5-Hydroxy-4'-meqflnoxy-6",6"-

ame AR IEUHA TR

isoflavone[132]

(-)-12a-Hydroxyrotenone [12]
(+)-12a-Hydroxyrot-2'-enonic

acid [133]
Isoflavone [134]
Isoflavone [135]

Isoflavone

Rotenoid

Rotenoid

Isoflavone

[soflavone

:§eed

Root
Root

Leaf
Leaf

Si&ghal etal., 1983
Singhal et al., 1982

Singhal ef al., 1982

Singhal et al., 1981
Singhal et al., 1981
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Plant and compound Class Plant part Reference
Isoflavone [136] Isoflavone Leaf Singhal et al., 1982
Isoflavone [137] Isoflavone Leaf Singhal et al., 1982
Isoflavone [138] Isoflavone Seed Singhal et al., 1983
Isolonchocarpin [139] Flavanone Root Shao et al., 2001a
Lupinifolol [140] Aerial part | Singhal et al., 1980

5-Methoxykaranjin [141]
Pachycarin A [142]

Pachycarin B [143]
Pachycarin C [144]
Pachycarin D [145]
Pachycarin E [146]
Pinnatin [147]
Pomiferin [148]
Pongaflavone [104]
(-)-Rotenone [19]
Rot-2'"-enonic acid [149]
57,3\ 4" Tetrahydroxy6.8- |
diprenylisoflavone {150]

5,7,4'-Trihydroxy-6, | prenyl

Soiilavone

Root

oot

Aeg;l part

Luetal., 1999
Chen et al., 1999
Chen et al., 1999
Shao et al., 2001b
Shao et al., 2001b
Shao et al., 2001b
Shao et al., 2001a
Singhal et al., 1983
Shao et al., 2001a
Singhal et al., 1982
Singhal et al., 1982
Singhal et al., 1980
Singhal ez al., 1983
Singhal et al., 1980

isoflavone [151] L o/ Seed Singhal et al., 1983
5,7,4’-Trihyd.rﬁl'u'%jl>r’gy%q Hm@ew ; qﬂag Singhal et al., 1980
isoflavone [15q2‘] P | = Y,
R T L A T TTE TR ¥
Kanjone [114] Flavone Stem bark | Ganapaty et al., 1998
Lanceolatin B [103] Flavone Stem bark | Ganapaty et al., 1998
Milletenone [69] Chalcone Stem bark | Ganapaty ef al., 1998
Ovaliflavanone A [112] Flavanone Srem bark | Ganapaty ef al., 1998
Ovalitenone [127] Dibenzoyl Stem bark | Ganapaty ef al., 1998
Methane
Pongaglabol [153] Flavone Leaf Ganapaty ef al., 1998
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Plant and compound Class Plant part Reference
Pongamol [129] Chalcone Leaf Ganapaty et al., 1998
Millettia pendura
Claussequinone [154] [soflavan Heart wood | Hayashi et al., 1978
Equol [155] [soflavan Heart wood | Hayashi et al., 1978
(-)-Maackiain [156] Ptero Heart wood | Hayashi et al., 1978

Pendulone [157]

Millettia pervilleana
3'-O-Demthylpervilleanone

[158]

Emoroidocarpan [159

3a-Hydroxyrotenone [16

Pervilleanine [161]

Pervilleanone [162]
Pervilline [163]
Pervillinine [164]

(-)-Rotenone [19] *‘;3

Heart wood

Hayashi et al., 1978

oot bark

.| Root bark

Millettia pulchra

7,4'-Dihydroxy-8,3',
triprenyldihydﬁfavanol‘[ﬁﬁ

(-)-Maackiain [156

60L-Methoxyhor;1uopterocarpin

LY IS

51

nen® WIANTIIEU N

60L-Meth%xypterocarpin [167]
5,7,2'.4'-Tetrahydroxy-6,3'-

diprenylisoflavone

5,7,4'-Trihydroxy-2'-methoxy-
6.,3'-diprenylisoflavone [169]

[168]

Pterocarpan

[soflavone

Isoflavone

Galeffi et al., 1997

Palazzino et al.,2003
Palazzino et al.,2003
Palazzino et al.,2003

Galeffi et al., 1997

Palazzino et al.,2003
Palazzino et al.,2003
Palazzino et al.,2003

Baruah et al., 1984

Baruah et al., 1984

éyruah etal., 1984

JV]EI%’QEI

Aerial part

Aerial part
Aerial part

Baruah et al., 1984

Baruah et al., 1984
Baruah et al., 1984
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Plant and compound Class Plant part Reference
5,7,4'-Trihydroxy-8,3',5"-triprenyl | Flavanone Aerial part | Baruah et al., 1984
flavanone [170]
(-)-Pterocarpin [171] Pterocarpan Aerial part | Baruah et al., 1984
(-)-Sophoranone [172] Flavanone Aerial part | Baruah ef al., 1984

Millettia racemosa

(+)-Cyclomillinol [173]

Laxifloran [176]

(+)-Millinol [177]

Stem

Millinolol [1@ u gﬁ ﬂ %gﬂw E
Ll

@I 1)

Neovestitol [181]

Vestitol [182]

Isoflavan

Isoflavan

s | 3

Stem

Stem

Kumar, Krupadanam
and Srimannarayanz.,
1989

Rao, Prashant and
Krupadanam, 1996
Rao and Krupadanam,
1994

Rao and Krupadanam,
1994

Kumar, Krupadanam
and Srimannarayana,
1989

Kumar, Krupadanam
and Srimannarayana,
1989

Rao, Prashant and

padanam 1996

1) o

Krupadanam, 1996
Rao, Prashant and
Krupadanam, 1996
Rao and Krupadanam,
1994
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Plant and compound Class Plant part Reference
Millettia rubiginosa
Durmillone [48] Isoflavone | Root Desai et al., 1977
Ichthynone [81] Isoflavone | Root Desali et al., 1977
Millettia sanagana
Kanjone [114] Root bark | Mbafor et al., 1995

Lanceolatin B [103]
5-Methoxyfurano([7,8:4",5"

[141] ’—"
Pongamol [129] /
Sanaganone [183]A '

Millettia thonningii
Alpinumisoflavone [
3',5-Dihydroxy-4'-met

dimethylpyrano-(5",6";6
isoflavone [185]

Root bark

oot bark

Mbafor et al., 1995
Mbafor et al., 1995

Mbafor et al., 1995
Mbeafor et al., 1995

¢
5-0—Methylal;ﬂ1%o%vg§e w‘ﬁ
U
4'-Met aﬂ
o BN et

butenyl)alpinumisoflavone [189]

Robustic acid [190]

Wé’m

3-Aryl

coumarin

Root

Seed

Olivares et al., 1982
Olivares et al., 1982

Olivares et al., 1982
Asomaning et al.,
1995

Asomaning et al.,
1999

Asomaning et al.,
1999

ﬁa ﬁﬂ\xes etal., 1982
ark aning et al.,

1995

Asomaning et al.,
1999

Olivares et al., 1982
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Plant and compound Class Plant part Reference
Robustone [191] Isoflavone | Seed Khalid and Waterman,
1983
Thonningine A [192] 3-Aryl Seed Khalid and Waterman,
coumarin 1983
Thonningine B [193] Seed Khalid and Waterman,

-

Thonninginisoflavone [194

Millettia usaramensis
Subsp. usaramensis

Barbigerone [78]
(+)-12a-Epimillettosi
4'-O-Geranylisoliquiriti

(+)-12a-Hydroxy-12-dihydro
—

o,

usararotenoid A[196] <

W\

Isoflaven

R oot bark

1983
Asomaning ef al., 1995

Isoliquiritigenin [1

Jamaicin [54]

ﬂ‘L!f;J'J‘V]&J

Maximaisoflavéne G [98]
Noriscﬂmﬁiﬂl@]ﬁ ﬂ i m

o,4,2"-Trihydroxy-4-O-geranyl
dihydrochalcone [199]
(+)-Usararotenoid A [200]

Iso vone

mw

Isoflavone
M)
Chalcone

Rotenoid

Stem bark

Stem bark

Stem bark

Alik
ek

Yenesew, Midiwo and
Waterman, 1998
Yenesew, Midiwo and
Waterman, 1998
Yenesew, Midiwo and
Waterman, 1998
Yenesew, Midiwo and
Waterman, 1998
Yenesew, Midiwo and
Waterman, 1998
Yenesew, Midiwo and
Waterman, 1998

Yenesew, Midiwo and

i an, 1998

ew, Midiwo and
Waterman, 1998
Yenesew, Midiwo and
Waterman, 1998
Yenesew, Midiwo and

Waterman, 1998
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Table 2 (continued)

Plant and compound Class Plant part Reference

(+)-Usararotenoid B [201] Rotenoid | Stem bark | Yenesew, Midiwo and
Waterman, 1998

Millettia zechiana
Cyanidin 3,5-diglucoside [202] Glycoside | Flower Parvez and Ogbeide,
1990
3-Hydroxy-4'-methoxyflavon, ' / Flower Parvez and Ogbeide,
1990

8-Hydroxyquercetin "/-Jy : er Parvez and Ogbeide,

[204] v 1990

Kaempferol 3-glucosid . -\ g , Parvez and Ogbeide,
' 1990

Kaempferol 3-rhamn N Glycoside Parvez and Ogbeide,
, s D 1990

Malvidin 3,5-diglucosidesf2 | Glyeoside |\Fldy Parvez and Ogbeide,
e 1990

Pelargonidin 3-rhamnoside [208} | Parvez and Ogbeide,
Y 7 1990

Quercetin 3-glucosi Tg":——_— o Parvez and Ogbeide,
E 1990

AULINENTNEINS
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Table 3 Distribution of miscellaneous compounds in Millettia

Compound Category Source Reference
O-Acetylmillaurine | Alkaloid Millettia laurentii | Ngamga, Fanso Free
[210] (Seed) and Fomum, 1993
B-Amyrin [211] Triterpenoid M. pendura Rathore, Nagar and
(Stem bark) Gupta, 1983

Azulene [212]
Behenic acid [213]
o-Boneol [214]
Canavanine [215]
1,8-Cineol [216]

5a,9a-Dihydro-5a-

hydroxymillaurine

[217] ﬂ u

2,6-Dime:thoxy-$l
benzo 1
Daucostérol [219]

Ellagic acid [220]

Galactose [221]

| ' acemosa

9

Quinone

BINL)A Bk

Coumarin

Carbohydrate

ﬂiwﬂﬂ?%ﬂwr

M. laurentii

Eiywel]

(Seed)

M. pendura

(Stem bark)
M. pendura

(Stem bark)

Rao and Krudapanam,
1994

Asomaning et al., 1995
Nigam et al., 1982

Rao and Krudapanam,
1994

Nigam, et al., 1982
Rao, 1983

Nigam et al., 1982

Ngamga, Fanso Free

and Fomum, 1994

9

Ngamga, Fanso Free

o/
jnc@oﬂm 1994
athore,

Nagar
Gupta, 1983
Rathore,
Gupta, 1983
Rathore,
Gupta, 1983

and
and

Nagar

Nagar and
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Table 3 (continued)

Compound Category Source Reference
Gallic acid [222] Benzenoid M. pendura Rathore, Nagar and

(Stem bark) Gupta, 1983

4-0O-geranyl- Cinnamic acid M. usaramensis | Yenesew, Midiwo and
cinnamylacetate[223] | derivative (Stem bark) Waterman, 1998
Linelyl acetate [224] _ovalifolia Nigam, et al., 1982
Methyl chavicol Nigam, et al., 1982
[225]
B-Methylgalactoside Rathore, Nagar and
[226] Gupta, 1983

Millaurine [227]
Millettonine [228]
Octacosan-1-ol [229]

Oleanolic acid [230] |

Ovalin [231]

19-0xo-5a—caﬂ u

14,20(22)-dienolide-
3-0-B
pyranoside [232]
Pi-cymene [233]

a-Pinene [234]

B-Pinene [235]

s E ¢ . L 3
"‘-""‘:""‘Eéf“ ?{n‘ :

Ste bark)

70 |

Triterpenoid | A

Eipeco' ic acid

BR8]

SRR

Monoterpenoid

Monoterpenoid

Monoterpenoid

\“
A ova ifolam
(Seed) |

a2l
(Root)n

N1I1E

M. ovalifolia

(Leaf)
M. ovalifolia

(Leaf)
M. ovalifolia

(Leaf)

Ngamga, Fanso Free
and Fomum, 1993
Kamnaing et al., 1994

Rathore,
Gupta, 1983
Chen et al., 1999

Nagar and

Gupta and

Krishnamurti, 1979
%se and Chakraborty,
2000

188
Nigam et al., 1982

Nigam et al., 1982

Nigam et al., 1982
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Table 3 (continued)
Compound Category Source Reference
B-Sitosterol [236] Steroid M. ovalifolia Gupta and
(Seed) Krishnamurti, 1976a
M. pachycarpa | Chen et al., 1999
(Root)

Stigmasterol [237]

o-Terpinolene [238]

o-Thujene [239]

M. pendura

| e bark)

v=racemosa

Rathore, Nagar and
Gupta, 1983

Rao and Krudapanam,
1994 '
Rathore, Nagar and
Gupta, 1983

Desai et al., 1977

Nigam et al., 1982

Nigam et al., 1982

V.

]

U
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217 H
(5] OH
[15] H

Figure 3 Structures of flavonoids isolated from Pachyrrhizus erosus
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5 5'
[1] H H
[26) OH H
[30] OH H
[37] OCH,; H
[38] H H
[47] H H
[50] H H
[62] H H
[771 OH H
85] H H
[89] H H
[90] H OCH;
92] H V T o _oH H
[99] H | @ H H
[107] H OCH;, H
- ﬂﬂﬂmﬂﬂiw*mﬂ o on
wmn@m@mwmma gpon
[150] OH H
[151] OH Y\)\ Y\)\ H H OH H
[152] OH Y\/* OH H H w/\)\ OH H
[168] OH Y\/k OH H OH Y\)\ OH H
[169] OH Y\/l\ OH H OCH, “/\)\ OH H

Figure 4 Structures of compounds isolated from Pachyrrhizus erosus and Millettia spp.



R, R,
[10] OCH, H OH
[13] OCH,; H
[94] O~ o H
[133] OH A OH
' ; A

OH
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Figure 4 Structures of compounds isolated from Pachyrrhizus erosus and Millettia spp.

(continued)



R, R,

[22] H J\/\'/

[6] OCH; CH,

H CH,

4 5
[23) OH H
[24] OH H
[25] OCH; H
[27] O\/Y H
[28] O\A\( H
[29] OVY H
B C >~ H
B3] Q== e O H
[106] H '_i_l : ;;7 OCH; OCH;

“a i Thedingng
Q) G TS 5 WA TY) L v

1871 ocH,

[188] OH H H H OCH, H
[189] OCH; H H H 0\/\( H
[191] OH H H 0-CH,-0 H

Figure 5 Structures of flavonoids isolated from Millettia spp.

I21034Q604



ﬁuﬂﬂﬂﬁ%§W81ﬂifm
qmmmmumqwmﬁ"&

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)
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5 6 7 8 2 5 6
(36] H H
[39] H H
[45] H OCH;
[55] H H
[59] H OCH,
[80] H H
[82] H H
(83] OCH; H
[91] H H
[93] H H

:
(98] H OCH,

H g& OH  H ;,.
[100] :UEJ&]}M mﬂjﬂ Ejflm‘j H H
QRIANTIUNRIINYAY

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)



5 6 2 3 4
[41] H H H H OCH,4

[44] H OCH,;

[46] H OCH,;

(53] H Oy

[58] H OCH,

(78] H OCH; OCH,;

[132] ) # o\ OCH,

[148] e £ OH

e
- “0CH,
OCHE s, OCHs [63]

ﬂ‘LJEJ’JVIEJV]iWEJ’]ﬂ‘E
7 'ifLLiJVITmEI']ﬁEI

[60] H

L/ 1] OH

Figure S Structures of flavonoids isolated from Millettia spp.(continued)

R

H

OH
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O

B 3 4 7 3 4 6
[51] H H OH OH ’v\( OCH; H
[64] H & H
[66] H Oy H
[69] OH OCH, H
[86] H 1 OVY\/\I/ H
(118] H OCH; OCH;
(197] H H H

Wuﬂﬁﬂﬂﬂiﬂyﬂﬂi
awnmw%mwmmaﬂ

[116] OCH;  OCH, 0-CH,-0
[122] H OH J\/\( 0-CH,-O
23 Y oH SN 0-cHp0

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)



o [67] OCH; H
[68] H H
[70] H OCH,4
[71] Gy H

3 5 6
[72] H OCH; H
73] H H H
[74] H H H
[76] H H H
[103] H H H
[105] OCH, ‘ OCH, : 7l H H
(114] H ,‘ﬁ g . H H
[115] OCHﬂizEJ j?]ﬂ‘flsﬁjjqﬁﬁ uH H
R N7 50U AN THY )
n41]'w och, H H H H H H
[142] OCH, H H H OCH; OCH, H H
[143] OCH; H H OCH, H H H  OCH;
153 H OH H H H H H H

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)
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B 4 s 5" 6
[52] H OH OH H H
4 [75] OH H OCH,; OCH; H
[128] H H OH H OCH;
[131] H OCH; OH H H

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)
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a B 2 3 4 2 3 4
0] H  OCH, OCH, H OCH; H 0-CH,-O
[02] H  OCH; H o H OCH,
[199] OH H H Y
3 4 5

OCH; OCH,

@:utl’mwmmﬂj%
RIS N TN

[205] OGlc H
[206) ORha OH  OH H H OH H
[209] OGle OH  OH H OH OH H

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)



OCHj

HO 0
OCH;

OCH,

[110]

OH
OCH;
OCH;,

OCH;

J
LEDIA T o
AN IRTITNEAY

R, R,

§
| T
[136] H OCH; OH

R 1377 OH H  OCH;

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)
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[154] H

O 11571 OCH;

ﬁ{‘- &

[155]
' L2 b A T

O |

..i -l

[181] CH;

ﬂﬁ‘EJ'J*VI E!‘r‘liﬂ EJ’]ﬂ@
ammmmumwmaﬂ

[156] H

R,0 Ry

..«\“H

[167] CH; OCH,;

o> [171] CH; H

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)
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R
[158] H
[162] CH;

[172] H

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)
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R, R,
[175] H CH,
1771 H H
[178] CH, H

[183]

OCHj (2N T

0 ,."L —. i )
\ O‘é’f .
93  H.  OCH,

bens i) LG
AULINENTNEINS

Figure 5 Structures of flavonoids isolated from Millettia spp.(continued)
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R, Ry

0-CH,-O

)1]""OCH; OCH;

~ AUEINENINEINg
RN TN INYINY

Figure 5 Structures of compounds isolated from Millettia spp.(continued)
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H 2N‘7/N OR R
N
‘S [210]  Ac
TN | 2271 H
’
& : 1

o)
Il
CH
H—C—OH - -
HO—C—H HOS) ]
HO—C—H ﬁ) ™ -
o | | /O/\/
OAc H,CO

L
ﬂumww@w NS
A AINTRNNIINYG

X I

H,N~ "N

CH3(CHy)yCH,0H 1" ™,
[228] on [229] [230]

Figure 6 Structures of the other compounds isolated from Millettia spp.



@E? Py

[231] [233] [234] [235] [236]

&\

ﬂUEI’J‘VIEIVI'a'WEW’]ﬂ‘i
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Figure 6 Structures of the other compounds isolated from Millettia spp.

(continued)
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3. Biosynthetic Relationship among Flavonoids
The flavonoids; chalcones, flavones, isoflavones and rotenoids have related
biosynthetic pathway as shown in Schemes 1-3 (Dewick, 2002; Harborne, 1994).
Flavonoids are products from a cinnamoyl-CoA starter unit, with chain
extension using three molecules of malonyl-CoA. This initially gives a polyketide,
according to the nature of the enzyme responsibility. This allows aldol or Claisen-like

reactions to occur, generating aromatic rings. Enzyme chalcone synthase couples a

cinnamoyl-CoA unit with three mal un1ts giving chalcone, naringenin or
isoliquiritigenin. ~ Both strue@rfs rate the different characteristic
oxygenation patterns in rlngj m the acetate or shikimate

pathways. Chalcones a sOr for ‘a vast.range of flavonoid derivatives.

Most contain a six-me Michael-type nucleophilic
saturated ketone giving flavanone, naringenin or
liquiritigenin. Flavanone i .1' ise vones (S‘;heme 1).

class of flavonoid compounds,
I ‘eicmatic ring has migrated to
t process is brought about by
7 ADPH and O, cofactors, which
transforms the flavanones liqyiﬁﬁmigwnin into isoflavones daidzein or
genistein respectxvel‘%_ila intermediate ﬁydroxyim“ﬁ A radical mechanism

has been proposed. “MNevertheless, many hur

rent isoflavonoids have

been identified and structural com rought dg)ut by hydroxylation and

alkylation reactions, varyihg-the oxidation level of the heterocyclic ring as occurring

ot aryeounafit b Y| 1Y) 3 WEI 171D

The rotendids take their name ‘from the ﬁrst known example rotenone, and are

formed’a' mﬂzﬁoﬂffj mx%j wﬂrﬁa wﬂﬁmun (@ontams a Cs

isoprene ‘unit introduced via dimethylallylation of de serone

isopropenylfurano system of rotenone is formed via from rotenoic acid (Scheme 3).



OH

CoAS N

O
4-hydroxycinnamoyl-CoA

chain extension;

acetate pathway with k’ 3 x malonyl-CoA

a cinnamoyl-CoA
starter group
OH
o SCoA o SCoA OH
NADPH

o | . o

(reductase) |

0O 0]

Claisen

naringenin-chal
(a chalcon:

OH 4O
nari T;r:
(a flavas f_-;' 5
O/
2-oxoglutarate
vas

apigenin a flavone
(a flavone)

Scheme 1 Biosynthetic relationship among chalcones and flavones

3l



Isoflavone synthase 10

NADPH/O/cyt.P450

R=H, liquiritigenin
R=OH, naringenin

Y
OH

R=H, daidzein
R=0H, genistein

3-arylcoumarin

Scheme 2 Biosynthetic relationship among flavanones and isoflavones

52



53

Oxidation of OMe group
(hydroxylation and loss
of hydroxide)

demethylmundusero
(a rotenoid)

Lo

DMAPP

H
0)
O

H
09
OMe

rotenone
OCHj; (a rotenoid) OMe

FWE!’ "VIEWIﬁWEl']ﬂ’i
qumn‘smumfmmaﬂ

Scheme 3 Biosynthetic relationship among isoflavones and rotenoids
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4. Bioactive Flavonoids from Natural Sources

Flavonoids, a class of natural products of high pharmacological potency are
known to be great sources of drug development (Havsteen, 1983). Among their
activities, antimicrobial, anti-Herpes Simplex Virus, anti-inflammatory (COX-2
inhibitory activity) and cytotoxic activities have been recognized to possess many
subclasses of flavonoids as follows.

4.1 Antimicrobial Activity

Pongamol[129] showed 85% 1 activity to Helminthosporium oryzae
at concentration of 100 ppm aq\7 ai‘ v t 250 ppm (Saxena et al., 1987).
[somillinol B [175] anddM"i [182] gﬁb bactericidal activity against
ichia colz M toxic even 0.1 pg/ml (Rao

l,\»:[179]\&a90mllhnol [180] possessed

_/tena @S bu‘rsus) at concentration of 0.1

Staphylococcus aureus

and Krupadanam, 199

selective toxicity towar

pg/ml (Rao, Prashant Ipinumisoflavone [184] prevented
A

(Perrett et al, 1995).  4-

Hydroxyderricin [240] an 1t] __.‘ lk'é‘ed from Angelica keiskei

schistosomal infection

pathogenic bacteria S. aur s*&.‘gptde@Ba illus subtilis and Micrococcus

luteus. In the case of M. luteus. xa oanm.d similar potency as gentamicin at

MIC of 0.76 ug/ml\igﬁamon ot al, 199L)._Bh1aﬁQBﬁ
I &

, found in Pyrus malus
(Hunter and Hull, 1993).

Petalostemumol [243}1.)1solated from Petalostemum J,t')Lrpureum (Leguminosae),

inhibited bacteria and fungi{Hufford ef al., +)-Catechin [244] from Camellia
sinensis (Thea uﬁj ﬂﬂmﬁ ﬂ g’l ms®atlsta et al., 1994),
Shigella (Vijaya, Ananthan and Nalini, 1995) and Kibrio cholerae O} (Borris, 1996)
s 8 SR G T A 9 e s
against al wide range of gram-positive bacteria (Afolayan and Meyer, 1997).
Remangiflavanone A [246] and remangiflavanone B [247] isolated from Physena

madagascariensis (Capparidaceae) showed antimicrobial activity against several

bacteria at concentration as low as 4 uM (Deng ef al., 2000).
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4.2 Anti-Herpes Simplex Virus (HSV) Activity

(+)-Catechin [244] from Camellia sinensis (Theaceae) and quercetin [248]
from Quercus rubra (Fagaceae), inhibited infectivity but not intracellular replication
of HSV-1, whereas hesperetin [249] from Citrus spp. (Rutaceae) reduced intracellular
replication of HSV-1 (Kaul e al., 1985). Galangin [245], derived from Helichrysum
aureonitens (Compositae), inhibited HSV-1 (Meyer et al., 1997).

4.3 COX-2 Inhibitory Act|v1
(+)-Catechin [244], galaggm [2 250] and morin [251] were
moderately active mhlblto rat renal 'OX (Baumann et al., 1980).

of i‘E uM'fm-gﬂmgm [245] as an inhibitor of

Among their ICs value,
COX was observed (W
[252] and chrysin [253
[244] from Syzygium coryno
COX-2 inhibitory effect a

Jordan, 1 \931)_ Phloretin [242], apigenin
tl' 'ty (Landolﬁ et al., 1984). (+)-Catechin

from tart cherries show:
with human recombinant

[255] and genistein [256] i

ibijléprGz @na by more than 50% at 15 uM.
Among them, apigenin was th;:,masxp } or of PEG; production at ICsy of
57] (isolated from the

8.04 uM (Liang et gl-l 1999). Genistein m

rhizomes of Puerarz thunbergiana, Legu : ly n [258] and irisolidone

[259] (isolated from théj‘ﬂowers of P. thunbergiana), vJ.ereas tectoridin [260] and

tectorigenin [261] (isol latéd #from the rhizomies of Belamcanda chinensis, Iridaceae)

showed COX-2 LEJ Q miﬂﬂ iﬂ%ﬂ@ﬁ >30 M (Yamaki

et al., 2002). Sophoraﬂavanone ¢G [262] isolated from Sophora flavescens

oS48 NG BRI R G S vooe 27

UM (Kim @t al., 2002).

4.4 Cytotoxic Activity

Quercetin [248] exerted growth inhibitory effects on several malignant tumor
cell lines in vitro, such as Ehrlich ascites cells, L1210 and P-388 leukaemia cells
(Soulinna et al., 1975), and possessed cytotoxicity towards Walker carcinoma 256 cell

line (Edwards et al., 1979) and also found to be an inhibitor of multidrug-resistant



56

human breast cancer cells (Scambia et al., 1991). Nobiletin [263] and tangeretin
[264] from Citrus hassaku (Rutaceae) showed growth inhibitory effects on HTB 43
cells at concentration of 5-20 uM (Kandaswami et al., 1991). Butein [265] reported
from Spatholobus suberectus and Caesalpinia japonica (Leguminosae) displayed
potent cytotoxicity towards Raji lymphoma and Hela cell lines (Ramanthan, Tan and
Das, 1992) and also displayed cytotoxicity towards human colon adenocarcinoma cell
line 220.1 at ICso value of 2 pM (Yit and Das, 1994). Calythropsin [266] isolated

from Calythropsis aurea (Myrtaceae) demonstrated differential cytotoxicity towards a

variety of human tumor cell lines \»’ ' 51993). Kurzichalcolactone [267],

xicity against KB cells at 1Cs
———

figure of 15 pg/ml (Fu e; T —

AULINENTNEINS
AMIANTNNNINAE



HO O
O OH

OH

HO OH

" SAUYINYNINGT

REATU UM NS

HO.
1686

OH
[244]

Figure 7 Structures of flavonoids possess antimicrobial activity
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[246] H

[247] OH

'IIO
ik r:‘iﬁmlm'wm 51

[249],

ammnimum'mzrma

Figure 8 Structures of flavonoids with anti-Herpes Simplex Virus
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Figure 9 Structures of flavonoids possess COX-2 inhibitory activity
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Figure 9 Structures of flavonoids possess COX-2 inhibitory activity (continued)
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AU INENTNEINS
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Figure 10 Structures of flavonoids possess cytotoxic activity
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5. Biological Activities of Pachyrrhizus Compounds

Pachyrrhizus erosus is well studied phytochemically and rotenone and its
derivatives have been evaluated for their cytotoxic potential, in a battery of tumor cell
lines. Two compounds, (-)-12a-hydroxyrotenone [12] and (-)-rotenone [19] were
observed to exhibit potent but non specific activity (EDsg: 0.01-0.30 pg/ml) (Kardono
et al., 1990).

In view of biological act of yunds isolated from Millettia plants,
pongamol [129] showed o ant r&st Helminthosporium oryzae at
concentration of 1000 ppm and-70% i 50 ppm (Saxena ef al., 1987), (+)
cyclomillinol [173], (+) 3 [178] showed insecticidal
activity to the larvae o o protection of castor leaves
98.85, 98.32 and 98.74 w and Srimannarayana,
1989), isomillinol B [175 ericidal activity against S
aureus and E. coli wi 2 ic ‘, at 0.1, g ‘ml (Rao and Krupadanam, 1994),

whilst millinolol [179] ang elective toxicity to S. aureus

at concentration 0.1 and Krupadanam, 1996) and

alpmumlsoﬂavone [184] show ...?W a istosomal activity when applied to

ﬂﬂEJ’WlEJWﬁWEJ’Wﬂ‘ﬁ
amaﬂﬂmummmaﬂ
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