CHAPTER II

HISTORICAL

Distribution

r .
1. Alkaloids and Theﬁiﬁgggurrence

— o
Alkaloidse=should be defined simply as naturally

occurring nitr:ééﬁdﬁ; coﬁFounds. But, for practical
considerations t def;nltlon must be more restrictive
with some excep@ipes. ‘Iﬁ p‘ace of this, numerous attemps
have been made E% ¢r0v1de a @ystem of classification into
. Tis ¢
which most alkaﬁo;ds JCan.q; placed. The most widely
accepted cla351f1catlbn systeahﬁdue to Hegnauer (Cordell,
1981), which_ classified alkalétds 1nto 3 groups, True

alkaloids, gfntoaikaiords———fﬁtoiogi&a1 amines), and

Pseudoalka101dsf The major sourcesrof alkaloids in the
past has been the .flowering plants (Angiosperms). However,
there are numerous group of .alkaloids| isplated from the
lower plants, animals, microorganisms, and marine natural
products. | In the higher plant system jof Englek, there are
60 orders, and 34 of these contain alkaloid-bearing.
species. However, of the over 10000 genera, alkaloids are
reported only in 8.7 %, and this distribution is very

uneven. The most important alkaloid-containing families

are the Liliaceae, Amaryllidaceae, Compositae, Lauraceae,



Ranunculaceae, Menispermaceae, Papaveraceae, Leguminosae,
Rutaceae, Loganiaceae, Apocynaceae, Solanaceae, and
Rubiaceae (Cordell, 1981). Among those alkaloids, indole
alkaloids have played an important part in the development

of the chemical and biological sciences.

2. Chemical and Botanical Aspects of Indole

."'F

Alkaleids

Indole «§1k§loids | are defined as the natural

1

organic prodquéfc0ntainimg either the indole nucleus or

an oxidized, r«éduced","or'-‘s'ubstituted equivalent of it,

e.g. ox1ndole, ﬁéeudoindox&l dihydroindole (indoline),

1 £

indolenine, N- acyl lndale (BGSSe, 1978; Leeuwenberg, 1980;

Kisakurek, Leeuwgnberg am&—-Hesse, 1983). Figure 1
,u

‘.—_-i

illustrates the foundamental structure of indole
=70 by ST
alkaloids.
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Indole Oxindole Pseudoindoxyl
: :u:l: : :N’j[ ]
O=C—R
Dihydroindole Indolenine N-acyl-indole

Figure 1 The foundamental structures of indole alkaloids
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The number of indole alkaloids of known structure
today amounts to approximately 1400. The majority of
indole alkaloids have been isolated from the three plant
families of the order Gentianales (Contortae), Rubiaceae,
Apocynaceae, and Loganiaceae. .But they are also known to
occur in other plant famil;es, e.g. Alangiaceae, -Rutaceae,
Elaeocarpaceae, Simaroubac;ée, Zygophyllaceae, and
Leguminosae. With respegt to"their structural features,
the indole alka101ds @an be divided into two main classes.
The first clasifis that oﬁ the simple indole alkaloids.
They do not p{ﬁﬁent ja/ étrucdtural uniformity, having only
the indole ﬁac)eus_-pgjazérzect derivatlve of it as a
common featuré. Dependlng;ggon the constltution of the
rest of the molecule tﬁelr occurrence is either

distributed in many——plant——fhmllles (e.g. harman) or

restricted to \very few ‘or oniy bne faylly (e.g. koenigine

o J:

obtained only from Rutaceae). Becauﬁg relatively only a
small number ' of these compounds are known, a
chemotaxonomic examination of’ this heterogeneous class of

plant bases'seems’'to 'bes irrelevant.

HL,CO
v 3 O
N HO N
H

CHy

I &

Harman Koenigine

The second «class is the monoterpenoid-derived

indole alkaloids. They contain two structure-elements :
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tryptamine with the indole nucleus and a Cg- or Cyo-

monoterpene moiety, derived from the iridoid, secologanin.
Very probably, because of both of the common components
and the biogenetic relationships, the occurrence of the
second class of indole alkaloids is more specific and
thereby suitable for comparative chemotaxonomic
considerations. This class Bﬁ{;ndole alkaloids occur most
frequently in the familigﬁ Apbéj;aceae, Loganiaceae, and
Rubiaceae (Kisakufek( Leeuwenberg and Hesse, 1983).
- |

3. Bo;ﬂﬁazél Aspe ts of the Rubiaceae
F J : 4 -

F
1“

The Rupiaceaer is 4a large family containing

-,

approximately %Oﬂ accepted-genera and about 6000-7000
species. In 195€ Vprdcbﬁ;t divided members of the

Rubiaceae into the f0119w1nq;518ubfamilles (Hemingway and

#

Phillipson, 1980) {i‘i* 43

-s

e — )
e - - :-*_Jl
(1) Subfamlly”Cinchonoideae :

Tribe‘f Naucleeae, Cinchoneaéi Cephalantheae,
Virectarieae, ‘Rondeletieae, Catesbaeeae,
Mussaendeae (= Isertieae), Heinsieae,
Gardenieae,  Coffeeae, 'Retinlphylleae,
Altberteae, Vanguerieae, Chiococceae

(2) Subfamily Rubioideae

Tribe : Psychotrieae (= Psathureae), Coussareae,
Morindeae, Triaindlopideae, Schradereae,
Urophylleae, Craterispermeae, Knoxieae,

Paederieae, Coccocypseleae, Hamelieae,
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Argostemmateae, Ophiorrhizeae, Rubieae,
Cruckshanksieae, Anthospermeae,
Hedyotideae, Spermacoceae
(3) Subfamily Guettardoideae
Tribe : Guettardeae
(4) Subfamily Hillioideae '
: ol 177,
Tribe : Hillieae o

(5) Subfamily Henrliguezieae

™

Tribe Em

In thzﬂ{}pﬁiof th@QtaxonomY; only 10 out of these
35 tribes con n/n (ﬁtefpénoid—derived indole alkaloids,

ncbﬁné;e, Cephalantheae, Urophylleae,

namely, Naucle
il

éndéae,zgpéychotrieae, Ophiorrhizeae,

¥ ool A

Hamelieae, and Gu tb};aéae.?giﬁymore restricted view, only

Rondeletieae,

36 out of the 500 geffera ﬂ?&é%been reported to contain
monoterpenoidéde:ixadgindnlg_alkalnidéjand about 50 genera
wd

have non-mondterpenoid or unidentified alkaloids. The

F p-—

monoterpenoid-derived alkaloidal genera are listed as
follows (%(Ridsdale, | 1978a,b; 'Hemingway ) and Phillipson,

1980) :-

(1) ;Tribe Naucleeae
Genus : Adina, Anthocephalus, Breonadia, Breonia,
Gyrostipula, Haldina, Ludekia, Metadina,
Khasiaclunea, Myrmeconauclea, Neobreonia,
Nauclea, Neonauclea, Pertusadina,

Sarcocephalus, Sinoadina
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(2) Tribe Cinchoneae
Genus : Cinchona, Corynanthe (= Pseudocinchona),
Coutarea; Laden&ergia, Pausinystalia,
Remijia, Mitragyna, Uncarié

(3) Tribe Cephalanthus

Genus : Cephfj

(4) Tribe Rondelg%f
(5) T?ibg Mus

(6) Tribe Psy

(7) Tribe Urop

(8) Tribe Ophlorrh --

(9) Tribe Hame

Genus Hamel1a

ok "“ﬁﬁﬁ%‘%ﬂﬁwmﬂ‘i

Génus : Antlrhﬁ?, Guettarda, T1mon1us

ARIANN I NWW’JVIEﬂﬂ d
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Chemistry of the Alkaloids

1. Alkaloids Isolated from Species of Mitragyna

Over the past 30 years Mitragyna alkaloids have
received considerable attention. The more recent work has
not resulted in any unexpected novel structure of
alkaloids but rather in/ ﬁbﬁflsolatlon of new _isomers
together with observatlon “of alkaloidal pattern

o
variations. The_ §1k3101ds whlch have been reported in 10

species of Mltjjﬁgbéjare SYown as folllows :-

_ge gsﬁan-épec1es

Mitragyna diversi ﬂ#a gWafi ex'G.Don) Havil.

leaf : mitr phylllne, i?omltraphylllne, ajmalicine,

ol

avapK&Lline, miﬁtaﬁavine, angustine

(Shellargﬁqt algr§L956,1967;

fﬁhillipﬁnn_ﬂt_al$+_l&1iifF
Yy A
Mitragyna hirsuta Havil. !
leaf : mitraphylline, isomitraphylline, mitrajavine,

hixsutine, “hixsuteine;, rhynchpphylline,
isorhynchophylline (Shellard et_al., 1966;
8hellard, Tantivatanal and Beckgtt, 1967;
Phillipson et al., 1973).

Mitragyna parvifolia (Roxb.) Korth.

leaf : rhynchophylline, isorhynchophylline,
rotundifoline,‘isorotundifoline, akuammigine
and its N-oxide, speciophylline (uncarine D)

and its N-oxide, pteropodine (uncarine c),



stem bark

root' bark

15

isopteropodine (uncarine E), uncarine F and
its N-oxide, ajmalicine, 3-isoajmalicine,
mitraphylline, isomitraphylline, hirsutine,
dihydrocoryﬁantheine, tetrahydroalstonine,
dihydrocorynantheol and its N-oxide,
corynanthe1dol, cofynoxeine, rotundifoleine,
1sorotundifolelndﬂigngustlne, rhynchociline,
g
c111§ghy111neJ(Shellard‘and Phillipson, 1964b;
Shetii?aquhi#lipson and Gupta, 1968a,b,1969a;

snéllafd and &?ughton, 1971,1972a,b,c,d,1973a,

by19 % 9 Philbipson et al., 1974;

1Y et aﬁ ’ 1975' Shellard and Lala,

& .n"..i

1sopterop§ﬂ;ne,f:d rhynchociline,

rhynchopﬁylllne,J1§om1tra?hy111ne, uncarlne F,

syec1ophy111ne, aJma11c1nEJ mitraphylline,
1sorhynchophylline, akuammlglne (Shellard,
Phillipson and Gupta, 1969b; Shellard and
Houghton, 1971, 1872b chd)1974h; Shellard and
Lala, 1977).

pteroﬁodiné} isopterépodine, rhjnchophylline,
isorhynchophylline, uncarine F, hirsutine,
hirsuteine, speciophylline, mitraphylline,
isomitraphylline, corynoxeine, corynantheine,
dihydrocorynantheine, rhynchociline,

ciliaphylline, akuammigine (Shellard and
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Houghton, 1571,1972b,c,d,1974a; Shellard and
Lala; 1977).

stipule : speciophylline, uncarine F, mitraphylline,
isomitraphylline, pteropodine, isopteropodine

(Shellard and Houghton, 1972c¢,d).

growing point :

coryno \k\ﬁ 1ne, isopteropodine,

spec F mitraphylline,

is d and Houghton,

stem xylem

root xylem

_.___,u._..-i,*;.": JA T

2&rsutine, hifsu ewx chophylline,

mitraphylli , somltraphLlllne, corynoxeine

BN L1 ifon 1 b LR
l“ém R IAETOE P\ 1) My

isorhynchophylline and its N-oxide,
isocorynoxeine, 3-isoajmalicine,
ciliaphylline, specionoxeine, mitraphylline,
isomitraphylline (Barger, Dyer and Sargent,

1939; Badger, Cook and Ongley, 1950;



stem bark :

root :
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Shellard and Phillipson, 1964a; Houghton and
Shellard, 1974; Soontranont, 1979).
mitraphylline, isomitraphylline, corynoxeine,
isocorynoxeine, rhynchociline,
rhynchophylline, isorhynchophylline (Houghton
and Shellard, 1974)

mltraphylllne, 1?§§;xraphylline, corynoxeine,
1socorynoxeinq, 1sorhyﬁchophy111ne,

rhynehopl X}iink, rhyncheeiline, ciliaphylline

éhellard, 1974).

£ri »
Mitragyna specio ppbh.r Havil.

leaf 2

mitragy i e, spsc;ofoline, rhynchophylline,

isorhync ophyllfhg, isocorynantheidine,
coryna 1he3d1neh1¥ tundlfollne (stipulatine),
1sorotunal_gl1ne;:£50m1traphy111ne,

mitraphyrline, spbciogynléf speciophylline,

—

gynanthelne, isopaynantﬁqzﬁe, ajmalicine,

35 isoaJmalicine, spec1oc111at1ne, mitrafoline,
isomitrafoline, isospeciofoline, corynoxine,
cotynoxine B, lcorynoxeine,  is@specionoxeine,
specionoxeine, mitraciliatine, mitrajavine,
B-dehydromitragynine, {javaphylliney;
akuammigine (Field, 1921; Ing and Raison,1939;
Beckett, Lee and Tackie, 1963; Hendrickson and
Sims, 1963; Beckett et al., 1965,1966a,b,c,d;
Beckett, Shellard and Tackie, 1965;

Trager et al., 1968; Hemingway et al., 1975;
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Shellard, Houghton and Resha, 1978b,c;
Houghton and Said, 1986).

stem bark : rotundifoline, ciliaphylline, rhynchophylline,
isorhynchophylline, isospecionoxeine,

rhynchociline, specionoxeine, mitraphylline,

B, mitraciliatine,

‘av&ine, speciociliatine

isomitraphylyir , mitragynine oxindole A,

7

63; Shellard,

root bark :

P ;i?},i;:- e ..u’
Mitragyna tuﬁglosa (Arm.) ‘Havil.

leaf : mitrai e and its N-oxide,

rhfnéﬁBE“f e, ineghisorhynchophylline,
rhyfchophylline,aisorotundifoline,

FJ] Ughod VHELY) A W EN T sccnttrapnyriine

(Run s%aklﬁsJ1973; Shellard an@d’/Rungsiyakul,

AR AN IR D

stem bark, stem xylem :
mitraciliatine, hirsutine, isorhynchophylline,

rhynchophylline, rhynchociline, ciliaphylline

(Rungsiyakul, 1973).
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root bark : rhynchociline, hirsutine, rhynchophylline,
isorhynchophylline, ciliaphylline
(Rungsiyakul, 1973).

root xylem ?

isorhynchophylline (Rungsiyakul, 1973).

1.2 The W ican Species

Mitragyna inermi s‘hl.}i uo /4'
leaf : unc!!T—-—ff{;

ongleyy 1950; ;ett and Tackie, 1963a;

She11ard’*’f§in“ii's'a’%, 1969,1970,1971a;

st ellard’ PhiIl@% rpong, 1971).
stem bark, ~bark i j;j

cijiapﬁ?lﬁiﬁ*; rine gj isorhynchophylline,
j{i ylline,ldisorotundifoline, °
ﬂ u 'g %&]lﬂm ﬁlﬂﬂqa j speciophylline
lard
Mlt%ﬂ’] @.‘]{ﬁ im(u u’]iw %-[ ’]ﬁnﬂ nov.
leaf . rhynchoéiline, ciliaphylline, rhynchophylline,

isorhinchophylline, isorotundifoline,
rotundifoline, mitraciliatine (Badger, Cook
and Ongley, 1950; Beckett, Shellard and

Tackie, 1963b; Beckett and Tackie, 1963a;
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Shellard and Sarpong, 1970).

stem bark

rhynchophylline, isorhynchophylline,
rotundifoline, isorotundifoline,
rhynchociline, ciliaphylline (Badger, Cook and
Ongley, 1950; Shellard and Sarpong, 1970).
root bark rhynchophyl isorhynchophylline,
rotundifni&i& @ difoline,
rhyncmn Jci line (Shellard and

G 5
Sarpong, ‘

Mitragyna stipu

leaf : j he, i tq?d;foline, hirsutine,

Tacki :if'_ kett énd Tackie, 1963a,b;

Shellard EEE'Sa i:” 1970; Houghton et al.,

stipule, flo

ﬂ@aﬁmm 11 (e
SV MR Y e (131

(Beckett, Shellard and Tackie, 1963a;
Shellard and Sarpong, 1970).

root bark : rhynchophylline, isorhynchophylline,
rotundifoline, isorotundifoline (Shellard and

Sarpong, 1970).
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1.3 The East African Species

Mitragyna rubrostipulata (K.Schum.) Havil.

leaf : mitraphylline, isomitraphylline, rotundifoline
and its N-oxide, isorotundifoline,
rhynchophylline and its N-oxide,
isorhynchophyllipg (Badger, Cook and Ongley,
1950; Shellard shd-fada, 1978).

stem bark : mitr;pﬁylline;fisomitraphylline, rotundifoline
and/itélﬂ—oxid§, isorotundifoline,
rhynﬁﬁpphylliné and lits N-oxide,
Isoth&nqﬁqégylilﬁe (Badgex, Cook and Ongley,
1959? Séaégn etéfi., 1960;.Hendrickson and
Sims, 1963;?She§&éfd and Lala, 1978).

root bark : mitraphyliine, i;%hgtraphylline, hirsutine,

g
- b

hirsuteing,;rhynéﬁppﬁylline and its N-oxide,

isorhynchophylline, isorotundifoline,

iatundifoline and its N-oxide (Shellard and

Lala, 1978).

2. [Basic (Structure o0f Heteroyohimbine and

Oxindole Alkaloids

Nearly all of alkaloids reported to be present in
the genus Mitragyna are of heteroyohimbine-type
(Corynanthe-type) and the corresponding oxindoles. The
alkaloids represent variants of these structures,
differing in their stereochemistry and/or - aromatic

substitution. There are 2 types of both heteroyohimbines
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and oxindoles depending upon the nature of ring E, 1i.e.
closed E ring (pentacyclic alkaloids) and open E ring

(E seco, or tetracyclic alkaloids) as shown in Figure 2.

Pentacyclic oxindoles Tetracyclic oxindoles

Figure 2 Basic structures of heteroyohimbine and

oxindole alkaloids
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3. Configurations of Heteroyohimbine and Oxindole

Alkaloids

Heteroyohimbine and the corresponding oxindole
alkaloids have asymmetric centers at C(3), C(15), and
C(20), though all those isolated so far have C(15)-Ha.
Thus four possible dlasteipgmers can exist which are
designated as normal, pseudo, allo, and epiallo. The

-
closed E ring alkaloids ahso have an asymmetric center at

C(19). In all;:ﬁhyﬂ M1tra?yna alkaleids the C(19)-CH3 is
a, The opehéfﬂ’
isomerization c ‘

C(17), though

r}ng alka101ds may show geometric

of—thé double bond between C(16) and

’i

1 knqwn dlka101ds the C(17)-H is cis to

":“ ,’

the C(16) carbo thoxy groupj
f 4__!‘- .- 4 _'a‘p‘fd
In addition, the @xindole alkaloids have an

'j -"\-\._"“l__

asymmetric center atEC(7), i.e. ring, ¢ attached to ring B

| S

at the spiro%;%pbon, c(7), in &8 dif?é&ent ways. One of
which the 1lactam carbonyl lies below the plane of C/D
rings bedng , termed .the .A.series.and those of which the
lactam carbonyl lies above the plane of C/D rings being
termed, the é seriesw ~Thus, eight-isomers~of-oxindoles are

possible.

The four isomers of heteroyohimbines and eight of
oxindoles are summarized with their éonfigurations in

Table 1.
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Table 1 Configuration terminology for heteroyohimbine

and oxindole alkaloids

Configuration| C(3)-H | C(15)-H | C(20)-H | C(7) series

of oxindole

Normal B A or B
Pseudo B A or B
Allo a A or B
Epiallo, A or B

Q%gﬁ’%ﬂﬁ %Jw §|EsEE 5= oxindoles
AT T T

same side of C(7) as the lactam carbonyl group or on the

opposite side, the former are known as syn and the latter

as anti alkaloids (Shamma et al., 1967).



aromatic ring

either In addition,
open E ring alka r an ethyl or
group.

, : :
summarized as ﬁol”-}

25

the
and is
in the

a vinyl

heteroyohimbine and

genus Mitragyna are

i 3E‘§ﬁﬁﬁﬁ; teroyohimbine alkaloids
Alkdloid C(%g Cagfiguration
1q lsL;Lgaxgirliisz ﬂ\:vir]:j Il E: i Ei E;rmal
3-isoajmalicine H pseudo
akuammigine (%) H epiallo
mitrajavine OCH3 pseudo
tetrahydroalstonine H allo

Note : (*) = with its N-oxide

016325



26

3.2 Tetracyclic heteroyohimbine alkaloids

Alkaloids C(9)-R R! Configuration
corynantheidine H CHp-CH; allo
corynantheidol H CHp-CH3 allo
corynantheine H CH=CH, normal
dihydrocorynantheine H 7 CHp-CH3 normal
dihydrocorynantheol (%) ﬁ} CH,-CH3 normal
hirsuteine o H CH=CH, : pseudo
hirsutine > ,  E CH,=CH3 pseudo
isocorynantheidine 4 Qj; CH,~CH4 epiallo
isopaynantheine 3 ‘Oda3; CH=CH, pseudo
mitraciliatine >3, >OCé3 4 CHZ—CH3 pseudo
mitragynine L: Ocﬂjk‘ CH,-CH3 allo
paynantheine s Ocﬂéiy? CH=CH, normal
specioclliatL?e LS E Ocﬁgﬁg" CH2}9H3 epiallo
speciogyninélil OCH; Cﬁz?Qk3 normal

Recently) /a totally new tetracyclic heteroyohimbine
alkaloid, 3~dehydromitragynine, has been isolated from the
fresh leaves of Mitradyna speciosa (Korth.) Havil. This
is the first alkaloid of this type to be) isolated from
natural sources (Houghton and Said, 1986). Presumably
3-dehydromitragynine 1is unstable and does not withstand

the drying process which is why it had not previously been
isolated.
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Alkaloid : ';;;-,;i ‘Configuration C(7) series

isomitraphylil g_,’.r=:_=::;,»f
v ———— o

isopteropodin

javaphylline ; OCH3 normal
mitraphyﬂ’ﬁlm ¥ EW]TW il
pteropodi allo

sve@ﬁ'}ﬁeﬁﬂ‘imﬂﬂﬂ Hiée| ) 2

uncar ne F (*) epiallo

w » w o » o » >
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3.4 Tetracyclic Oxindole Alkaloids

Alkaloid C(9)-R R! Configuration C(?)
series
ciliaphylline (%) OCH3 CHp-CHj normal : B
corynoxeine H CH=CH, normal B
corynoxine H fCHz—CH3 | allo A
corynoxine B H / éﬁé»CH3 allo "B
isocorynoxeine ﬁ‘ CH=CH, normal A
isomitrafoline_; OH CHo=CH5 allo B
isorhynchophyll Hi ' CHop=CHg normal A
isorotundifolei euf. ﬁQHi:; CH=CH, normal B
isorotundifoliq?/ff:‘H.OH-%’;CHZ—CH3 normal B
isospeciofoline jf‘ 7“*:0H ﬁ¥ CH5-CH 4 epiallo A
isospecionoxeine rv;“;f 0CH§£§g§=CH2 normal .
mitrafoline M ﬁé}_{z—c% allo A
mitragynineu§$lndole A OCHs CHZ-Cﬂ3§¥. allo A
mitragynine éiindole B OCHj3 CH2-CH35J allo B
rhynchociline OCH3 CHZ-CHE' normal A
rhynchophylline (%) H CH»~CHy ~normal B
rotundifoleine OH CH=CH, normal A
rotundifoline (%) OH CH,-CH5 normal A
speciofoline OH CH,-CH; epiallo B

specionoxeine OCH3 CH=CH, normal B
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4., Preferred Conformations

The preferred conformation of heteroyohimbine and
oxindole alkaloids were established by Trager, Lee and
Beckett (1967) and Trager : et al. (1968). The
conformational analysis is based on the assumption that :
(i) an estimation of the nonbondéd interaction in
piperidine ring (zing D) can ;edapproximated by analogy
with the nonbonded fhteraction arising in the
correspondinglyJ substituted cyclohexane, (ii) in all the
conformations ,¢§%mined, Ling C is assumed to be in the
half chair copfbnmgtxon.bxdanalogy with cyclohexene and
only the chair Eotms o£ rfhg D are considered by analogy
with cyclohexan%!‘ahd'(111)‘8d-est1mat10n of the magnitude

4 o

of the nonbonddd lnteractigns of each conformation

..r_—-‘,

(ignoring any possiblg sol?§t1on effects) was made with
the aid of Dréiding models. vy

-
-
L

.

There:: is only one stablg_ conformation from
different ringiDiychair conformations (three for each of
the four configurations of (the heteroyohimbines and two
for each of the eight ‘configurations of the oxindoles).

The preferred ‘confarmations of alkaloids isolated from the

genus Mitragyna are shown as follows :-



4.1 Pentaqgclic Heterogohimbine Alkaloids

4.1.1 Normal configuration

el
]
b=}

3-Isocajmalicine

R = OCH3

Mitrajavine

30



4.1.3 Allo configuration

e ;\
ﬂ‘L!El’J‘VlEl ‘Wtﬂ

RIAINT? " 'nwmaﬂ

R = H s Akuammigine

31
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4.2 Tetzéqgcllc Heteroyohimbine Alkaloids

4.2.1 Normal configuration

rocorynantheine

# ‘ﬂ’ F .."li‘.;‘;#' |
R = OCHy—: S ogynine

vil : Paynantheine

Wy : g inyl : Corynantheine

y m
AULINENTNGIN
AIAIN TR HRIANYIA,

R = H : Dihydrocorynantheol
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4.2.2 Pseudo configuration

R — OCH3 C(20)—Et = vinyl : Isopaynantheine

A URH Y12 R 1) 3

R = H, 8(20) -Et = vlnyl s suteine

Qﬁﬂﬂﬂﬂ‘imﬂliﬂﬂﬂﬁﬂﬁﬂ



4.2.3 Allo configuration

tragynine

orynantheidine
4

L{.

34



4.2.4 Epiallo configuration

»\.
-gg nantheidine

R & OCH3 : Speciociliatine

ﬂuﬂﬁﬂﬂﬂ§WUﬂﬂ§
ammﬂwum'swmaﬂ

T109103 bl



4.3 Pentaggclic Oxindole Alkaloids

4.3.1 Normal configuration : A series

B series

ﬂ‘uEJ Nt z
Iamm umqmﬁaa

O

R =H ¢ Mitraphylline



4.3.3 Allo configuration : A series

guration : B series

R = H : Pteropodine
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4.3.5 Epiallo configuration : A series

: B series

G Inenay
%

AWIA9NT

R =H ¢ Uncarine F
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4.4 Tetracyclic Oxindole Alkaloids

4.4.1 Normal configuration : A series

71/ : Rotundifoleine

!g 1% Isocorynoxeine
J
ocH3, c(20)- Et = viny!

ﬂﬂmﬂwmwmm

- Isorhynchophylllne

A AINIUURIINYIA Y

s Isospecionoxeine



4.4.2 Normal configuration : B series

' sorotundifoleine

= = vinyl Corynoxeine

ﬂﬁﬁtﬁﬂﬁﬁiﬂﬂﬁnﬁmmm
RN IMITINAY



4.4.3

Allo configuration : A series

OH

OCH4

-

L
--X

N\

1{gyn1ne oxindole A

Corynoxine

|

iguration : B series

Isomitrafoline
Mitragynine oxindole B

Corynoxine B
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4.4.5 Epiallo configuration : A series

;;: ciofoline
\

iguration : B series

AUEINGNTN

R = OH : Speciofoline



4.5 Pseudo Configuration of Oxihdoles

The pseudo oxindole alkaloids were formerly, by
conformational studies, concluded to be unstable to exist
because of the steric interference between .the oxindole

unit and the underside of ring D (Trager et al., 1968).

Not until 1976 that att has clearly shown by

.synfhesis of the

of dihydrosecolo
alkaloids of _ Eont

reasonably st

NoOg from condensation
- 2-oxytryptamine that

exist and are

76) . However, no
pseudo oxindo : 01 "' ”, een isolated from’

natural sources

The diacetates 024H32N205
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5. Alkaloid N-oxides from Mitragyna Species

The earlier examinations of the leaves of
Mitragyna rotundifolia (Roxb.) 0.Ktz. by Shellard and
Phillipson (1964a) indicated the presence of a 'base-line'
alkaloid but were unable to determine its structure. The
isolation of a similar substance from the leaves of
Mitragyna inermisetiNBINQ 7 ¥z. enabled Shellard,
Phillipson and Qérpong (i971) to characterize it as
1so£hynchophy1119a N«oxide Furthexr study shown it to be
anti- 1sorhynchopﬂy111ne N- inde (Phillipson, Rungsiyakul
and Shellard, 1;33}1 They glso isolated and characterized
rhynchophylline'yFokiﬂéfffonbt%e same plant. Shéllard and
Rungsiyakul (1§%3)“*’ 1sofated and characterized
ciliaphylline N—a;ide from “gpe» leaves of Mitragyna

r-_‘,

tubulosa Havil. The precenee of N-oxides of four other

alkaloids, vléj akuammigine, spec1opth11ne, uncarine F,
and dihydrocgiynantheol were reportedffrom the leaves of
Mitragyna parvifolia (Roxb.) Korth. (Shellard and
Houghton,(:1974a).  1In/|1978; Shellard and ‘bala reported the
presence of rhynchophylline N-oxide and anti-rotundifoline
N-oxide  from +'the “leaves, ‘stem’'bark, and ~root bark of

Mitragyna rubrostipulata (K.Schum.) Havil.

Most of the isolated N-oxides from several species
of Mitragyna are of tetracyclic oxindole alkaloids. They
are of rhynchophylline, isorhynchophylline, rotundifoline,

and ciliaphylline. The other N-oxides 1isolated are of
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akuammigine, dihydrocorynantheol, speciophylline, and

uncarine F.

) -
AUt InsTiwe s
ARIAINTAUININGIAY



6. Other Indole Alkaloid from Mitragyna Species

The only other indole alkaloid reported to be
present in species of Mitragyna is -angustine, and its
occurrence in this genus appears to be restricted. It has
been detected in only Mitragyna javanica Koord et Val. and
M. parvifolia (Roxb.) Kortg.f Angustlne belongs to the

pyridino—indolo—quinolizidinone group Other alkaloids in

this group, angustoline and angustidine, which have not,

‘__

as yet, been fg&pﬁixn Mitrégyna species were reported to
be present in Uzﬁdiiéjand S&rychnos species together with

— it

angustine (Phllllﬂg?h et al &*1974)
f j ahid x’J

f ‘

Angustlne;;ahd anguégoiine are possibly derived
from a combinatioﬁ oﬁﬁéryptamég? unit and a secologanin
unit closely relatgdﬂ:to _5géhtianine. Alternatively
angustine migﬁt_pnssibly_ba_an_artefaét;which formed by
reaction ofw{Vincoside— or isovingzside—lactam with
ammonia. Anguézidine might be formed;By the loss of C(21)
from the!?secologanin portion ©of a corynanthe precursor
(Au, Cheung and Sternhell, 1973). Recently,, Phillipson,
Hemirigway and Ridsdale (1982) proposed | that| pyridino-
indolo-quinolizidinone alkaloids might arise possibly by
ring elaboration of strictosidine (isovincoside), a

nitrogenous glycoside intermediate obtained from

condensation of tryptamine and secologanin.



] jp‘rf
Angustin = B =" N
Angustoline : R = CH( R! = = H)
(An - R' = CHy)

ﬂUEJ’JVIEWIiWEJ’]ﬂ’i
ammnmumqwmaﬂ
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7. The Mitragyna and Uncaria Alkaloids

The two genera of the subtribe Mitragyninae,
Mitragyna and Uncaria, considered to bear close
relationship in both botanical characters and alkaloidal
contents. They are similar in yielding heteroyohimbines
and oxindoles along with»le§s” significant amounts of
pyridino-—indolo-—quinolizidi’noné‘rs {saxton, 1965,1968,1973;
Bindra, 1973;'Széntay et él., 1986). Recently, the same
type of the trite:peﬁold,.fwo new ursolic acids and two
new quinovic acfS{QIYCogjdésﬁ were isolated from the root
of Uncaria flﬁé;da_Vi@al.Ié§d the leaves of Mitragyna
hirsuta Havil., réipécfivglé (Likhitwitayawuid, 1986).
This 1is the fu»:;tnér'"d_;l edeJence which indicates the
homogenity of the plants 1@5%&@ subtribe Mitragyninae,
supporting the taxonomic régiéion oeridsdale in 1978.
The genus fﬁ%car&a——ﬂew——hasf—34———f£fognized species,
contrasting ;iﬁh the 120 species namé; appearing 1in the
Index Kewensis“fPhillipson, Hemingwaymand Ridsdale, 1978;
Ridsdale, 1978a). . However, there are some differences in
alkaloidal content between the two generaas 1listed in
Tabl® 2, e(g.“no6 C(8)-methoxy substituted @lkaloids were
found 1in Uncaria while it was common in Mitragyna, and
there were fewer species with C(9)-hydroxy alkaloids than
in Mitragyna. Uncaria yielded pentacyclic heteroyohimbines
and fhe corresponding oxindoles with C(19)-methyl either a

or B configuration while C(19)-methyl B configuration has

not as yet, been found in Mitragyna species. Some Uncaria



species exhibit considerable infraspecific variation in
alkaloidal content and there is a wide variety of
structural types than in Mitragyna (Phillipson, Hemingway

and Ridsdale, 1978,1982).

Additionally, totally ‘ne pentacyclic

heteroyohimbine alkale 14)-hydroxy substitution

has been isolat Uncaria attenuata

Korth. and cha roxy-3-isorauniticine

which 1is the orted as having the

substitution in the aromatic

ring (Ponglui £, this compound was

later revised rauniticine to 1l4-a-

hydroxyraunitici analysis and partial

t?ct‘

synthesis (Yamanaka ‘¢ .aﬁ'” ).

257
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Table 2 Comparison of alkaloids isolated from the

Mitragyna and Uncaria

50

Wy,

(1)

(2)

correspo {raaes\ N
(3)
(4)
(5)
(6)
1)

Mitragyna

10 species

Uncaria

34 species

\bﬂf on
Jg mon

Common

A hbt found

not found

(benze ;i
i
pentacy 1cs)

(8)
ftryptamine un1ts +
QW’Tﬁgﬁ‘ﬂ’im NN
(9)7 Yohimbines and the

corresponding oxindoles

R‘FTTJ’U‘W]EJWWE

D ss
N3

not found

Aerra §

21

common

not found
infrequent
rare

infrequent

rare

-rare

rare
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8. Chemical Transformation of Mitragyna Alkaloids

8.1 In Vitro Studies

8.1.1 Isomerization of heterozgpimbine

alkaloids

Weisenborn a@i\w,#/ 1956) and Wenkert -and
b4

Roychaudhuri (195 stra t the heteroyohimbine

A —

o
alkaloids may mer by an oxidation-

reduction reac ate as an oxidising

agent, and zi as a reducing agent.

The reaction i

Iz
\S
z

+
/o
>

AueIneniwdnng
V@

, quﬁw@jﬁﬁp
o 0
e Yt

Figure 3 Oxidation-reduction reaction of

heteroyohimbine alkaloids



02

Selected examples of the isomerization of

heteroyohimbine alkaloids using this method are given as

follows :-
(1) ajmalicine —_— 3-isoajmalicine
(normal) (pseudo)

(Wenkert and Royc

(2) mitrajavine _ isomitrajavine.
‘““h =
(pseudo) (normal)

(3) mitragyni - . : eciociliatine
(allo) (epiallo)
(Trager, P 1968)
(4) paynantheiﬁ n'.“"“l“\ L' isopaynantheine
(normal) . ‘.;;E; \ (pseudo)

1969; Shellard,

Houghtq}l and Resha, 197 £
(5) corynan , corynantheidine
(allo) (epiallo)

‘T“FT‘LJﬁ] MBI, oo

-Ba and Haddock 1969' Shellard Houghton
QW’Tﬁ*‘&ﬂ”ﬁ“m mm NYNY
speciogynine mitraciliatine
(normal) o (pseudo)
(Trager, Phillipson and Beckett, 1968)
(7) hirsutine | — dihydrocorynantheine
( pseudo) (normal)

(Trager, Phillipson and Beckett, 1968)
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8.1.2 Isomerization of oxidole alkaloids

Oxindole alkaloids may be isomerized at C(3)
and/oxr C(7) centers by refluxing in pyridine (basic
isomerization) or acetic acid (acidic isomerization). The
isomerization involves scission and reformation at the
C(3) C(7) bond and hence posSyble inversion of one or both
of the centers (Seaton et ald, Lsso Trager et al., 1968)
Starting with a glven oxfﬁdole 1somer, four stereomeric

compounds should esult iupon isomerization, 1i.e. two

(A and B) w1)ﬁ{) ) Ha and two (A and B) with C(3)-HB.

']
¢ ']

The isomerizat

it J a narmad oxindole results in only two
products, whicgf/P

? the ni Imal A and B isomers, hence
supported the mrrw tpncl%?ion by Trager et al. (1968)

that pseudo ox1ndo£e afka101dﬁware too unstable to exist.

il
E—
—

)

The amediuﬁmﬁbf isomerizatipf determines the

.,__l_,

predominant 1§pmer in the final mixturei(at equilibrium).
In acidic isomérlzation, the B ox1ndéles predominant due
to the stabilization of the ‘eonjugated base by formation
of an intramolecular’hydrogen bond-between the protonated

lone_pair electron of N(4) and tHe lactam carbonyl group.

(Hydrogen-bond formation of the B oxindoles)
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This stabilization is not possible with the A oxindoles as

the lactam carbonyl is below the plané of the C/D rings.

In basic isomerization, the A oxindoles
predominate and this is thought to be destabilization due

to the electrostatic sion between the 1lone pair

electron of N(4) onyl group in the free

base form of themB.iso ‘ and Taylor, 1962a,b;

Select
alkaloids from

follows :-~

(1) mitraphyllifie ", 80 % isomitraphylline

or +
_ LA - i .
isomitriﬁrylltné"ﬁf / _mitraphylline

(Seaton

mi traphle ne

;mﬂuﬂﬁmﬂﬂ§Wﬂ&ﬂ1WMMe
qﬁaton e\ﬁ al., 1960; Beckett et al., 1966a)

MARINY A

20 E isomitraphylline
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(2) rhynchophylline - 80 % isoihynchophylline
Py
or ——de +
isorhynchophylline 20 % rhynchophylline

30 % isorhynchophylline

d i +
B— rhynchophylline
(Trager euli!?-—‘.‘
(3) speciono isospecionoxeine
or +
isospecio ‘specionoxeine
isospecionoxeine
+

50 %. specionoxeine

\l

, <
rotﬂwﬂamu‘ﬁwmmmmm
ARIIRIOI LN INY AR

40 % isorotundifoline

(Trager

Ac
— +

60 % rotundifoline

(Trager et al., 1968)



(5) corynoxine 80 % corynoxine
or — %

corynoxine B : .20 % corynoxine B

20 % corynoxine

+

/A % corynoxine B

(Trager et

(6) mitrafoline mitrafoline

‘jf

or speciofoline
speciofoline b = 10 % isomitrafoline

isospeciofoline

50 % mitrafoline

speciofoline
'y

“d;omitrafoline

T
+ 10 ‘Jisospeciofoline

i Thefinenns
PRIAATUAMINYAE
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(7) pteropodine e 60 % pteropodine
+ 40 % isopteropodine
+ traces of speciophylline

and uncarine F

% pteropodine
isopteropodine
% speciophylline
uncarine F
(Beecham
(8) 1isopteropodi isopteropodine

pteropodine

¥ -isopteropodine
|
% pteropodine

i

40 % speciophylline

LR V]HW?W‘WTT?“”" d

(Bee&ham, et al., 1968)

QW?ﬁ\ﬂﬂiﬂJ UNIINYIAY

(9) spec1ophylline -———4» 10 % speciophylline
+ 30 % pteropodine
+ 30 % isopteropodine

+ 30 % uncarine F
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_— 40 % Speciophylline
+ 40 % pteropodine
+ 10 % isopteropodine

+ 10 % uncarine F

(10) uncarine F""‘_ " uncarine F

. pteropodine
isopteropodine

speciophylline

uncarine F
, pteropodine
isopteropodine

‘ peciophylline

(Beecham ﬁ: z

Notemu EJ ’J fﬂ ﬂnj w H’Jnﬁby refluxing
AR AN IR rIngIay

Ac = acidic isomerlzatlon by refluxing
with acetic acid, mercuric acetate,

or hydrochloric acid



8.1.3 Conversion of heteroyohimbine to

oxindole alkaloids

On the basis of biogenetic considerations, attemps

were made to convert indole alkaloids to the corresponding

oxindoles. The convers V/ﬁ
indole to ‘

olves the oxidation of the

enine, followed by

Finch “an 9625 b)“and Shavel Jr. and

Zinnes (19 yohimbine - and

heteroyohimbi ed into an epimeric

mixture of C( action ‘of tertiary

butyl hypochlor the chloroindolenines

yield the imido ydrolysis in refluxing

aqueous acetic aci ic oxindoles, A and B,

as shown in

G
AUEINENINYINT
ARIAN TN INYAE



Figure 4 Conversion of heteroyohimbine to the

corresponding oxindole alkaloids

through the chloroindolenine

-

sac

U

H,CO0H (aq)

ﬂJﬂ ﬂﬂﬂﬁWﬂﬂﬂi

q éNjLi}‘lJ AN

Oxindole A ' Oxindole B

60
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The selected examples of the conversion of

heteroyohimbine alkaloids to their corresponding oxindoles

using this method are summarized as follows :-

(1)

(2)

(3)

(4)

(5)

ajmalicine —> mitraphylline (normal B)
(normal) + isomitraphylline (normal A)
(Finch and Taylor, 1962a;'8have1 Jr. and Zinnes,

1962) .

corynantheddine ————?> corynoxine (allo A)

(allo) ' L4 h ANCOEYVEQXShe B (allo B)

(Beckett, Dwuma—Badu agﬂ_Haddock, 1969)
_‘} oy ‘Iﬂ I

!-j

mitraciliatine i———3% L rhynchociline (normal A)

o
_ <)
(pseudo) 2 fj;%liaphylline (normal B)

.-.v_...i'J;

(Shellard and Sérﬁﬁng, £§jib)

daf
4y i

o4l

mitragynihe >~~mitfagyﬂi§e oxindole A
(allo) § (allo A)
e ot mitragy;ine oxindole B
(allo B)

(Beckett, Dwuma-Badu and Haddock, 1969; Shellard,

Houghton“and Resha, . .1978a)

mitrajavine —> javaphylline (normal A)

(pseudo) ' + isojavaphylline (normal B)

(Shellard and Sarpong, 1971b)
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(6) speciociliatine ——> speciociliatine oxindole A
(epiallo) (epiallo A)

+ speciociliatine oxindole B

(epiallo B)

(Shellard, Houghton and Resha, 1978a)
. f

Furthermore, Zinnéégfiégd Shavel Jr. (1966)

converted the caxboecyclic E ring igdole alkaloid, pseudo-

— |
g

yohimbine 1nt?ffper 1 o?lndoles. Therefore there is

possibility thag th pseuéo heteroyohimbine alkaloids in

some Mitragyna yes couid also be transformed to the
normal oxindoles /(S qilard én& Sarpong, 1971b).
:\* #

Another hodfof quvert1ng heteroyohimbines to

oxindoles is e use -of 1eadﬂtetraacetate to give an

acetoxyindolepine which on‘axeflux1ng with methanol

A
containing ac

-

method. the inéble tetrahydroalstonidé has been converted

i’ -

to 1its corresponding oxindoles, uncarine F, pteropodine,

ind ?s. By using this

lisopteropodine, and ,speciophylline @ (Hart, Johns and

Lamberton, 1967).

8.1.4 Conversion of oxindble to

heteroyohimbine alkaloids

Aimi et al. (1972,1973) demonstrated that the
chemical conversion of "natural oxindoles into the
correspoding indoles has been made by way of a sequence of

reactions which include formation of iminoethers of
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natural oxindoles with Meerwein's reagent, reduction of
the iminoethers ’ to 2,3-seco-indoles and oxidative
cyclization of 2,3-seco-indoles by mercuric acefate in
diluted acetic acid to the desired natural indoles. Sodium
borohydride in aéetic acid was found to be a specific

reagent for the redu

= of oxindole-iminoethers to
2,3-seco-indoles wh ./’ ey intermediates in these
transformation. : | thod pteropodine and
isopteropodineﬂ!ﬂF—-— .a ';u¢~1_. their corresponding
heteroyohimbine : ‘ ds! alstonine and its
isomer, akuammigi '3 :[f“; i \ 5. They have also
similarly con ‘ ‘into hirsutine and

dihydrocoryna

ﬂ‘lJEI’JVlEJVI‘iWEJ"ﬂﬂ'ﬁ
QW'TGNH?N UAIAINAY
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Figure 5 Conversion of oxindoles to the corresponding

heteroyohimbine alkaloids.

Akuammigine Tetrahydroalstonine



8.2 In Vivo Studies

By feeding the yoﬁng plant (less than one year
old) of Mitragyna parvifolia (Roxb.) Korth. with
unlabelled alkaloids, Shellard and Houghton (1972a)
observed the presence of isomitraphylline and
mitraphylline in the leaves /both after feeding ajmalicine
and 3-isoajmalicine into fﬁ;isiem Xylem. The result
showed that conversion ofv 'qormal. and pseudo
heteroyohimbines” ’Hpto nprmal oxindoles occur in vivo,
which the 1nterco ersion %f the heteroyohimbines did not
seem to take cg ‘Their work also revealed that the

speclficity e.@ﬁzyme %ystems in this plant might be

fox+ the €(9) un-'bgtltuteé alka101ds since no oxindole

alkaloid was dete&tedgafte:ﬁjeedlng with C(9)- methoxy

- ,‘ f
unsubstituted normal’ and pseudb‘heteroyoh1mb1ne alkaloids,

1som1trajav1neJ and mltrajav1he. The ?nzyme systems were
-
also spec1flc:jor the closed E ring alﬁélolds since there

was no ev1dence for the presence of any oxindole alkaloid
correspoding to the open E ring heteroyohimbines when they

were fed to the.plant.

Sheliard ‘and) Hdughton  (1973b) confirmed their work
in 1972 by using the l%4c-alkaloids in the young plant of
Mitragyna parvifolia (Roxb..) Korth. They fed
14C—tetrahydroalstonine .and 14C-akuammigine separately
into the stem xylem of the plant and labelled pteropodine,
isopteropodine, speciophylline, and uncarine F were

detected in boﬁh cases.
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Shellard and Houghton (1974a) further examined the
distribution of alkaloids in young plants of this species.
They fed l4c_alkaloids into the stem bark, stem xylem, and
root bark (just below the hypocotylar region).' The
evidence pointed to the possibility of this plant
possessing two biogenetic sites, the leaves and the roots,
with mitraphylline being the éﬁkqloid which links the two
sites. They fed pteropodizf ana mitraphylline separately
through "the stem"%XVlen aqd pteropedine was shown to be
converted to miééﬁéhyllidf and then mitraphylline was
converted via Eggy;oxeipg éq rhynchophylline. Evidence

separately iftof fthe' “reot | phleem showed that

FEA g2
a

& J.bi =

obtained by feeding 14c;fhchgophy111ne and l4c-hirsutine
- f \ 4 ;

rhynchophylline, ‘a normal oﬂiﬂdole alkaloids, is converted

to the pseudo indélé%éirsutgﬁgﬂhs well as conversion of

hirsutine toxrhynchbph}llinéﬁgﬂThis clearly showed that

| |

- -

neither n5?pai————vxtndoie~———aika£5fd nor pseudo
- e

L

heteroyohimbing! alkaloid could be converted to the

corresponding normal hetergyohimbine alkaloid since no

dihydrocorynantheine, the | normal heterpyohimbine alkaloid

corresponding to rhynchephylline could be detected.

Moreover, Shellard and Houghton (1972a) found that
when mitraphylline was fed into the stem xylem,
rhynchophylline was found 1in the leaves. The use of
14C—mitraphylline (Shellard and Houghton, 1974a) showed
that it was not necessarily the rhynchophylline from the

‘main stem xylem but that the mitraphylline itself was
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converted via coryhoxeine to rhynchophylline. When
14C—rhynchophylline was used-incorporated in large amounts
of rhynchophylline- both mitraphylline and rhynchophylline
were detected in the leaves together with 14¢_1abelled
allo and epiallo closed E ring oxindoles. It would appear
that the interconversion 1nvolv1ng $

rhynchophylline ————= nutraﬁﬁz;llne o mcaeaey pteropodine

R

occurs normally »in the Jleaves ‘but since only small

guantities are presént'in the transportation stream, only

the final product efallo nd epzallo oxindole alkaloids

are found. jf/jf
/
N

/
8.3 ]b%dd&blOé of Heteroyohimbine and

]

é;}{mdoie All'(hlolds
f d'-'l -JI:"..
' 7
A classical” method :to prepare tertiary amine

N-oxides 1is the use’bf'hydrcben pero%}de. Another more

effective megﬁod using m—chloroperben:plc acid w1th non-
agueous solvents was improved by Cralg and Purushothaman
(1970). ShellardswPhillipson.and Sarpong (1971) prepared
the N-oxides<of.rhynchephylline and isorhynchophyllihe by
treating an ethanolic”® solutioms of the dalkaloid with
hydrogen perioxide 'solution overnight at' roem _temperature,
followed by heating on a boiling water bath for 30

minutes.

Merlini, Nasini and Phillipson (1972) synthesized
N-oxides of pentacyclic unsubstituted heteroyohimbine

alkaloids by treatment with m-chloroperbenzoic acid.
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Those synthesized were 4-R-akuammigine, 4-S-akuammigine,
4-R-tetrahydroalstonine, 4-R-3-isoajmalicine, and

4-R-ajmalicine ﬁ-oxides.

Phillipson, Rungsiyakul and Shellard (1973) have
used the both methods in preparing N-oxides of
isorhynchophylline (Ars ‘hb‘ rhynchophylline (B series),

rhynchociline (A se ‘ an phylllne (B series) 1in
;

order to charac%tu§ll§ ccurring ciliaphylline N-

oxide 1isolated a Havil. and found

that whereas t
N-oxide, the A
Thus isorhynﬁho
two N-oxides whil .: ‘“1_  “' and ciliaphylline form
Houghton and Lala

(1977) also used these

ED B rﬁ,'to prepare N-oxides of

rotundifolin F&(A.seri-~ oline (B series)

and obtained les (anti- and syn-)

and one 1sorotundlf011ne N oxide. The preferred
gl mwmw v e e
Figure 6.

QW’TMH?&J URIINYIA L
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Figure 6 The N-oxides of oxindole A and B series

N-oxide of oxindole B



'Aikéloid N-oxides are readily reduced to their
parent alkaloids without isomerization at C(7) by treated
with sulphurous acid and allowed. to stand overnight
(Shellard, Phillipson and Sarpong, 1971) or treated with

concentrated ammonia and excess of ferrous sulphate, and

heated on a steam bat-va_. 2’ tes (Merlini, Nasini and

orf_is summarized in Figure [ 3

u
.-#
T ——

Phillipson, 1972).3 H_u';ac
9

| | 2°
H 5}
H
WA
e alkaloids
- 8 BT

| N\' 23 N
e mamm
RIAINTUNRINIAY

Oxindole alkaloids

o

Figure 7 Formation and reduction of alkaloid N-oxides
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Biogenesis

It has been assumed that complex natural products
are assembled from simple molecules which are, in turn,
related to common cellular constituents. With the
elucidation of the structures of the major groups of

alkaloids, and the recognltlon of common features amongst

F
the structural variants within’;ach group, it becomnes

apparent that their skeletq%s could be visually dissected
into fragments fyhoséﬁéarhon -nitrogen skeleton bore the

features of o oz more tLe other of a small number of
amino acids. he ﬁeassembly afsthese foundamental

substances into e(cpmplex:¥roduct should be carried out

by a small nump?& 6f“§1mp1€fdiganic reactions. Two of

@ a

these, the Mannlcb reactlon, vﬁ. the condensation of an

amine, an aldehyde and g carhgnlon

_“—'u

=L |

l -u-J:I‘lr \ - /
—C® W CHO —F  NH —S8—a . C—CH—N

and the oxidative coupling of-phenOIS} are of particular
importancg’ (Pelletief,p | LI70O) & Additionally, it 1is a
function “Wf the range of enzymes at the intermediate
stages J| fatlerd than, 8 mMultipl igity)6f0 precirsors 1in the
initial stagés, which accounts for the numerous alkaloids

that are known (Cordell, 1981).

There are two terms, biosynthesis and biogenesis,
commonly used in discussing the formation of the products

of secondary metabolism. Biosynthesis is the experimental
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study of the formation of secondary metabolites.
Biogenesis is the hypothetical speculation on the
precursor-product relationships in a biosynthetic pathway.
By means of this definition biogenesis refers to the
manner in which the organic substances are synthesized,
altered, or degraded by planF or animal organisms. It is
based mainly on thehvisual dfﬁgéggion of a molecule into

recognizable precursor fragments (Cordell, 1981).

— L &
i s’ 6f Indole Alkaloids

Yo N oqéﬁf,ﬂ
Y/ L
Numerouiyé/f/f‘éetiéb tracer experiments have

a
demonstrated that th%f 5manbterpenoid—derived indole
i : -L.f" i
b

idd
alkaloids are josynthesi ‘g,py a general route which

e ’i-:"r 1
begins with the co enﬂationﬁﬁg tryptamine and Cg- or Ci0-

S reras st
§ _— . T . e
monoterpene moiety, —derived from secologanin. This
T3\ ) S
condensation proceeds through a nitrqunous glycoside, in

— - —

particular strictosidine, Wthejiéﬁfﬁiiiermediate in the

biosynthetic pa%hway which gives rise to various types of

indole alkaloids .-

1.1 Biosynthesis of Indole Alkaloid Precursors

" 40151 "Férmation ‘of tryptamine

Perkin Jr. and Robinson (1919) had originally
suggested that the two nitrogens and the aromatic portion
of all the then-known indole alkaloids originate from,
tryptophan via its decarboxylation product, tryptamine, a

fact later experimentally proved (Battersby, Burnett and
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Parsons, 1968; Kompis, Hesse and Schmid, 1971). Tryptophan
itself is derived from shikimic acid, a key intermediate
in shikimic acid pathway. The biosynthesis of shikimic
acid pathway comprises of two main stages : the first

proceeds from the condensation between a molecule of

cycle, and one of ,*E%\“- vruvic acid (PEP), arising

from glycolysis Thé second stage

involves many rting from chorisnic

acid includi a precursor of

tryptophan. by decarboxylation

of tryptophan ermediate (Luckner,

1972; Dalton, Wmtto, 1981; Torssell,

1983). The rea Figure 8.

 Augdneninenns
RIAINTUNRINIAY
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Figure 8 Formation of tryptamine

PEP
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HOOC % /I 0—P H20
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(1) Glutamine
1(2) Anthranilate
synthetase
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1.1.2 Formation of secologanin

The 1iridiods are widely distributed in the plant
kingdom and often glycosidically bound. An inportant
place amongst the iridoids is held by loganin, which is
the commonest precursor of the so-called secoiridoids such
as secologanin. Loganin ltseEﬁ is derived from mevalonic
acid. From many experimental evrdences, loganin is a key
compound in providing a te#— or (after removed of C(22) by
decarboxylation)+"a s nine- arbon unit to non-tryptophan-
derived part of h monoterpen01d derlved indole alkaloids
(Kompis, Hesse Scthd i&971) Figure 9 1illustrates
the main steps o nhe bios gnthesxs of secologanin from
mevalonic ac1d he early steps involve the condensation

y il x ‘

of molecules of ’ac&tYl Cqﬁﬁjﬂlth the aid of enzyme

B- ketoacylthiolase to. gave 3fpydzoxy 3-methylglutaryl CoA

(HMG CoA). Thé two-step reduction witéiNADPH then affords
w X J

mevalonic ac1dr via mevaldiec acid.— The compound is

optically actf;e and in many subseqﬁént studies it has
been found " that’dnly ‘3R~mevalonic acid “is biologically
active, whilst the S-isomer 1is metabolically ;nert
(Corge HAL 118817 [ foxs9ell 1 W9d3) .| WB3RENevaiE acid is
phosphorylated to 5-phosphomevalonic acid, and then to
5-pyrophosphomevalonic acid in the presence of ATP.
Followed by trans elimination of carboﬁ dioxide and water
afford isopentanylpyrophosphate (IPP). Enzyme-mediated
stereoselective loss of the pro-48 hydrogen and

stereoselective addition of hydrogen to the re side of the
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double bond produces dimethylallylpyrophosphate (DMAPP).
Stereoselective loss of the pro-4S proton from IPP in the
coupling-elimination reaction with DMAPP prqduces
geranylpyrophosphate, in which the pro-4S hydrogens of the
two mevalonate wunits are completely 1lost. The methyl -
groups of DMAPP are noE initially biosynthetically
equivalent. Therefore i; éé‘%ﬁxlpyrophosphate, C(10) is
specifically derivgd”from S(2i:ﬁfim€valonic acid and 'C(8)

S

and C(9) from C(5+#§f peva#onic acid (Cordell, 1981).

# |

g |
Hydrolx;jfffgf,gerénylpyrophosphate gives rise to

£l 78
geraniol. Expezim : 1yiquof establishing geraniol as a
specific precurs o} ﬁémbeégﬁof the\Corynanthe-, Iboga-,
Y i

and Strychnos types . erévgiVéhﬁby Battersby et al. (1966).
+ “o

and Loew, Goeggel and ﬂfﬁgon¥%£}966). No carbon atoms are
L i # o e i B

) .'IE'-. - - - a
a'" . el
E—

gained or lost in thg_fﬁtercque;sion of geraniol to form

- 1'_1-':‘»-.—."‘

loganin, but several oxidations arqrgfgformed at wvarious

stages. A cféétraﬁs isomeriiation of:;ge 2,3-double bond
of geraniol to;give nerol, in which the hydrogen at C(2)
of the fo;mer is; retainedpinsthe hattery /and hydroxylation
of nerol at C(10) to give 10-hydroxynerol. Nerol has been
hypothe;ized as, an Intermed igtey; rsimged 105hydroxynerol is
a more effecient precursor than lO—hydroxygeianiol.- The
route between 10-hydroxynerol to deoxyloganin is not well
undérstood. However, there is evidence to suggest that
further -oxidation: of . C(8)Y-and C(10) ocecurs. to give a
trialdehyde in which C(8) and C(10) have become equivalent

(by tautomerization). Probably ring closure occurs at
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this point to give the monocyclic trialdehyde, which
exists as the cyclized hemiacetal. Glycosylation,
possibly of the hemiacetal gives rise to the known
intermediate, deoxyloganin. Hydroxylation at C(7) of
deoxyloganin occurs stereospecifically to give loganin,

and ring opéning of

'gives secologanin (Dalton,

1979; Coxdell; 188

qudingninens
RIAINTAUNNINGIAY



Figure 9 Formation of secologanin
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1.2 The Role of Strictosidine (Isovincoside)

in the Biosynthesis of Indole Alkaloids

-

The 1isolation of strictosidine by Smith (1965)
from Rhazya stricta and R. orientalis as an unstable
amorphous pale yellow solid began what continues to be a
most exciting period of | /indole alkaloid chemistry.
Shortly after that Batterst?&ﬁa;cp—workers obtained two
nitrogenous glycosides, v{ncoside and isovincoside, from
Catharanthus roseas and also succeeded in producing these
alkaloids in v;ff; by the %ondensatlon of tryptamine and

4 a

secologanin aE/pr 6 2 Clparly one of these compounds
Fy :

should be 1dey 9&1 w1th &strlctosidlne which formerly

Jdi

isolated by Smlth ‘1n 1968! and this was found to be
J’J "~

isovincoside. Moreover 1n 0o

and isovincoside are_p(3) ;Pimers, viz. vincoside had
e ] T Sl TR

}nal assignment, vincoside

C(3)-Ha wh;ig isovincoside had §§3)-HB. From a
v ¥ ]

biosynthetic'féint of view, it was.demﬁﬂstrated by single-
and double—laﬁélling experiments that vincoside was the
precursor(, of | (representative’ inddle ) alkaloids from the
Corynanthe-, Aspidosperma-, and Iboga types in C. roseus.
Isovincoside. was | mot 'involved’ in | ‘these biosyntheses

(Battersby, Burnett and Parsons, 1968,1969a,b).

At this point there was a very interesting
experiment presented by De Silva, Smith and Warren (1971)
which conclusively demonstrated that isovincoside and

strictosidine were identical and that the C(3)



stereochemistry of vincoside was incorrect. The complete
stereochemistry of strictosidine has been established by a
chemical correlation with dihydroantirhine acetate, whose
absolute stereochemistry had been deduced. It was
demonstrated that no C(3) epimerization had occurred in
the correlation. Strictosidine (isovincoside) therefore
has C(3)-Ha(S), and the C(3)4HB(R) of vincoside was also

o
confirmed by an X-ray analysis (Mattes et al., 1975).

Original assignment Correct assignment
Vincoside C(3)-Ha C(3)-HB(R)
Isovincoside C(3)-HB . C(3)-Ha(S8)

Several years after obtaining the correct absolute
stereochemistry of vincoside and isovincoside, there were
many independent experiments determined the £fate of
strictosidine (isovincoside) in the biosynthetic pathway
of indole alkaloids and demonstrated that much of the

early work with vincoside as precursor was 1incorrect.
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Heckendorf and Hutchinson (1977) studied the biosynthesis
of camptothecine which the result showed conclusively that
strictosamide, but not vincosamide, was a specific
precursor of camptothecine. It was presumed at this point
that strictosidine was the precursor of camptothecine.
The important evidence was fbtained by the incubation of
-5 14C 14-3H] vincoside and/ g@zlct051d1ne under identical
condensations in +a cell- free’ system from Catharanthus
roseus and repeated this éxperlment in aqueous solution

l
feeding to lS-d’fﬁfld < ﬁfseus shoots. The results of

these experimént aawg»nogdoubt that strictosidine is

indeed the precu thesrgajor alkaloids ajmalicine,

vindoline and c har nthineﬁ‘representlng the Corynanthe-,

e
v, A &

Aspidosperma-, ar boga typéﬁ respectively, and that with
both cell-free and‘wﬁﬁlg_planfré&stems no radioactive can

£ piled e :
be detected _when: Vincoside' 1s sused as a potential
A

precursor. \??TS—mEEHS“that”VTﬁtﬁstdEj;S not metabolized
- i —“M

to the naturé:;_i alkaloids of €. roseus (Scott et al.,
1977). 1In the same time, theysimilar results using single
labelled vincosiderand doubly labelled'strictosidine -were
obtained by Stockigt and Zenk (1877) who have also shown
that " strictosidine aécumulates in cell-free [system when
alkaloid synthesis is 1inhibited by a glucosidase
inhibitor, d-D-gluconolactone. And from this experiment
the crucial enzyme catalysing the condensation of

tryptamine with secologanin to yield exclusively the

o-epimer, strictosidine, has been discovered and named
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strictosidine synthase. Re-examined the stereochemical
point of nitrogenous glycosides by radioactive tracer
experiments on Catharanthus roseus and Cephaelis
ipecacuanha (Battersby, Lewis and Tippett, 1978) confirm
that the C(3)-Hao isomer is indeed the precursor of indole
alkaloids rather than the G(3)-HB isomer. Additionally,
by using radioactive labellinéﬂfkth cell-free systems and
feeding experiments, Rueffery Nagakura and Zenk (1978)
presented the eﬁbé&}@ent ¢hich shows a very interesting

- / |
biosynthetic iigd{;;cance} The .results from this

experiment demon "ped:;tﬁat strictosidine is the key

intermediate of i, ?kafiagfids not only in Catharanthus

roseus but alsé in qéllifregwsystems of Amsonia, Rhazya,

Cinchona, Stemmadiﬁzaﬂ; Uncaﬁ;a, and other Catharanthus
B "fd ;
species. More resuits-fromzﬁhls experiment have been
.r'

"A. |

extended to other 1naoIe alkélald pro?uc1ng systems, not

only those 'h9v1ng the C(3)-Ha sterebqpémlstry but also
those with a C(3) -HB. 'In Rauvolfia canescens o0-yohimbine
[C(3)-Ha] and réserpiline [C{3)-HB] were studied, and iﬁ
Mitragyna specdosa wspecivciliatine RC(3)-HEB] and
mitragynine [C(3)-Hoal were examined. In all instances
strictosidine’ was' @ Y préecursor but vincos{de was not.
Furthermore strictosidine was incorporated into a series
of different alkaloids, including yohimbine-, ajmalicine-,
vindoline-, strychnine-, sa;pagine types, and gelsemine
(Nagakura, Rueffer and Zenk, 1979). This is contrary to

the chemical conversion in which strictosidine is
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transformed to C(3)-Ha and vincoside to C(3)-HB indole
alkaloids. This fact shows the limitations of biomimetic
experiments with respect to in vivo processes. It is
important to note that the in vivo conversion of
strictosidine into C(3)-HB alkaloids proceeds with loss of

hydrogen at C(3) while it is retained in the formation of
the C(3) Ho series. gggaﬂ, he enzyme strictosidine
synthase has bee all f§5=;¥ from Catharanthus

and immobilized on

roseus cell sur ‘c 1 i i1i
CNBr-activated Se nh'l', ilized enzyme exhibits

.;ea e%‘HOO deﬂaover that of the

a thermostabil

soluble enzyme uﬁgvg&y the formation of

the C(3)-Ho(s The reaction

catalysed by icted in Figure 10

Al &
N

Thergfpre it can strictosidine with

C(3)-Ho(3) ral precursor for

monotezpe!ﬂold derived indole
N 1)) o4 Ui AR
"Rl INgNat

the elaboratiﬁn of hE:i‘



Figure 10 Stereospecific condensation of

[C(2)-T]-tryptamine and secologanin

AUt pgu
ARAIN T IR

CH3OOC

C(3)-Ha(S)-Strictosidine
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1.3 Biogenetic Classification of Indole

Alkaloids

The monoterpenoid-derived indole alkaloids are
currently classified into 5 base types, Corynanthe-,
Aspidosperma-, Iboga-, Strychnos-, and Yohimbe types.

This classification WW the Thomas (1961) and

Wenkert(1962) hypot 85 of™ i;idoid, cyclopentanoid

monoterpene, iosynthetic pathway to

these indole a ved, would give the

various skeletd > 4 t Figure 11 (Scott,
1973). V

From proof it was
demonstrated thaf , J:_g@n‘,_l“‘ /pe alkaloids were formed
from strictosidiné ! e ,_4 of the Corynanthe-type
bases fromr_l str‘ic!:!tosidfi’.ne ‘ i no skeleton
rearxrangemen ' at this skeleton
type serves l ;;éursor for ahe alkaloids with

rearrang i v,f 983). Table 3
showsb thmjigj T‘lgﬁ eﬂaqﬂ‘ikaloid for -eaéh

mq ssification
heterpyo 1mb1r§eﬂm ﬂim’]ﬁﬂv‘[@ EJ oxindoles

are classified as the member of Corynanthe-type.
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Figure 11 The 5 base types of monoterpenoid-derived

indole alkaloids

7->18
15 - 15
Strychnos-type jﬂ Corynant ‘ Yohimbe-type
‘a
Al
9 1720
b el ALY o
RN IUURINGN Y
14 20 14 20

17

Aspidosperma-type Iboga-type



Table 3

for each of the 5 base types

88

The structures of representative alkaloid

Type

Example

Structure

Corynanthe

Strychnos

Yohimbe

Aspidosperma

Iboga

F aktiammicine
f = —

ajmalicine

9

”‘1

4+

o —yohimbine /o

vindoline

catharanthine
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1.4 Formation of Pentaczglic and Tetracyclic

Heteroyohimbines and the Pyridino-indolo-

guinolizidinones

Figure 12 illustrates the postulated biosynthetic

relationships between the major alkaloids which are

/

specific to the genu Q?

and Uncaria. Structure
i 4&9.5 of the hypothetical

intermediate resu . in fo

elaboration by sev
various specific
skeletal types carbonyl group of
C(16) and N(4) f one nitrogen atom
leads to lizidinones. The
combination of, lts in tetracyclic
heteroyohimbines ransformed to their

corresponding oxi
N(4) and C(17) to C V_ -”'vﬂ~tacyclic heteroyohimbines

which can fﬁnﬁF?‘ vield th corresponding oxindoles by

specific w al hillipson, Hemingway

 AUYINENINYINT
ARIAININUMINYIAL
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Figure 12 The formation of pentacyclic and tetracyclic .
heteroyohimbines and the pyridino-indolo-

guinolizidinones

Tryptamine ek Secologanin

Zi

N,

Hypothetical

intermidiate

CHO

YN waﬂ

C(16)-CO to ﬂ ?J
NIRRT DL

9

C(21) to N(4)

Pyridino-indolo- Pentacyclic Tetracyclic
quinolizidinones heterdyohimbines hetefoyohimbines
Pentacyclic oxindoles Tetracyclic oxindoles
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2. The Relationship Between Indole and Oxindole

Alkaloids

The Woodward proposals regarding the condensation
of tryptamine ana the Cg- or Cjyg-carbon unit suggest that
this may be either an a-condensation to give indoles or a
B-condensation to givléf§ .24£ - (Shellard, Phillipson and
Gupta, 1969b). BN -

n and Smith (1968a,b)

,ﬁhich is the initial
ondensal of tryptamine and

L

have proposed th
product obtal
éecologanin, ,on at either a- or
B-position of ield the B—carboline
or the spir iate, respectively

(Figure 13). 3-condensation is more

favored because : ntermediate product, spiro-
—_ Y
. AT L i 1
indolenine, does not netes ‘a rearrangement of the

'__}ﬁ;ich would be the
case with anlﬁ—c-w EFiro—indolenine ‘can

readily 1somerlz§ to the 1ndo in acid conditions and can

e onsensfl b ‘ﬂ%ﬁﬂe‘% NeInNa

Q‘W’]ﬂﬂﬂim NW’]’MEHE!EI



Figure 13 The relationship between indole and

oxindole alkaloids

QW’]Mﬂ‘iﬂ?ﬁ YN Y

Q ‘%jw @j:g\
R

Oxindoles Indoles
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3. Possible Biogenetic Route of Mitragyna

Alkaloids

Since 1960s to 1970s, basing on the progressive
knowledge of chemistry of alkaloids reported to be present
in several Mitragyna species, their chemical
transformations using bothy in vivo and in vitro
techniques, and the biogenesgsvdf indole and oxindole
alkaloids, Shellard and hfs co-workers have subsequently
been postulating, hypotheses, and also their modifications,
regarding the bjogenesis oé Mitragyna alkaloids (Shellard,
Phillipson and Gﬁpta, 19&9b, Shellard and Houghton, 1973b,
1974a). These hygotheses éhé their modifications, which

at that time V1nc051de vés believed to be a key

&
FYP ¥

intermediate of 1ndole alkaloiﬁgﬂ have now been considered
invalid in the llghtwof thﬂrnewly discovered evidence

about the key jntermed1ate in the biosynthetxc pathway of

indole alka101ds carried out by Scott et al. (1977),
Stockigt and Zenk (1977). These ;éxperimental proof
demonstrated that strictosidine (1sovincoside) not
vincoside is the indeed precursor of indole alkaloids. At
this, point »Shellard, Houghton and Resha '(1978b) had
proposed a modified hypothesis based on strictosidine as a
precursor and suggested that the major route of Mitragyna
alkaloids is via the C(3)-HB 1indoles which are then
converted to both C(3)-Hao and C(3)-HB oxindoles.
Subsequently Rueffer, Nagakura and Zenk (1978) have shown

that strictosidine is the common biosynthetic precursor
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for alkaloids with C(3)-He as well as C(3)-H8
configuration. They also demonstrated that strictosidine
is the precursor for the allo (mitragynine) and epiallo

(speciociliatine) in Mitragyna speciosa.

The evidence now available suggests that the major

biogenetic route of MM.'Q(1 /2éka101ds is via the C(3)-Ha

indole alkaloids w verted primarily to the

C(3)-Ha ox1ndole t these oxindoles are

then converted kaloids. There is

probably, in via the C(3)-HB
indole alkaloi ith-are etéQ to the oxindoles
since this ‘ in wvivo studies
(Shellard and H £on,, 18 43 ; ard and Lala, 1978).
‘'The scheme o , Houghton and Resha

(1978c) may be shown,__dzi'etqt‘_ lly as follows :-

C(3)-Ha oxindoles

Precursor

GULRLIENE
AN PN 1 Lobiy e 15

m————- major route, predominant

—_— major route

------- > minor route

They also proposed a probable biogenetic route of

alkaloids in Mitragyna speciosa as shown in Figure 14.



[
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Figure 14 The probable biogenetic route of alkaloids

in Mitragyna speciosa
(1) Open E ring alkaloids [C(9)-0CH3]

C(3)-Ho
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Pharmacology of Mitragyna Alkaloids

Among naturally occurring compounds the indole
alkaloids play important roles as biologically active
substances. There are two interesting groups of ' the
monoterpenoid-derived indole alkaloids, namely, the
yohimbines and réserpines,':ygich already have found
medicinal application in humaﬁ‘;ﬁérapy (Szantay et al.,
1986). In Mif;agyna J;Ikaloids there are some
heteroyohimbines« and oxlndgles which exhibit significant

. 1
pharmacologic agtivities.

a
‘

T Mitiag&ninea 5 %

Since mitragjhine wégdthe dominant alkaloid and
exclusive to Mitraé}q?=g}eci&é;éxxorth.) Havil. (Shellard,
1974) it was assumgg_;o be;ﬁgﬁe‘ physiologically active
constituent ha?igg morphine:;ihgﬂg;gpgéties. According to
Laidlaw, mitrggynine is a local anaestﬂétic (Field, 1921).
Grewal (1932) pérformed a series of eiperiments on animal
tissues @and, [ found mitragynine to be /a "central nervous
system stimulant rather than depressant. He 1indicated
thatomitragynine has)a depressant effect on"some isolated
tissues, facilitates the passage of impulses in the
autonomic nervous system and increases the excitability of
the medulla and probably of the motor centers. He also
found that mitragynine is a general protozoal poison, but

is probably ineffective against bacteria or pathogenic

protozoa. Grewal subsequently administered mitragynine to
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five men and observed a cocaine-like effect. Moreover,
50 mg of pure mitragynine acetate produced nausea and

vomiting in some subjects (Jansen and Prast, 1988).

Mitragynine acetate was found to diminish the
excitability of plain muscle, to anaesthetize the cornea,

and to be toxic to animals in fairly low doses. In. the

r

psychological research 6 hdmin. subjects submitted to
various laboratory tests gkter faking doses of 50-100 mg
of mitragynine,aceﬁaté andlafter doses of 650-1300 mg of
the powdered Léévés. The;e were indications that both
forms of the ‘,d‘rggv Eh G B\ W 1oving effects -
decrease in the.timeraffreagégon to stimulus; increased
tolerance to that} idbféase&yéteadiness and capacity for
work; flushing of the skln, gggprently due to dilatation
of superf1c1al blood. vessels ?ﬁaxcan, 1934). Mitragynine-

hydrochlorlde 4or mitragynine ethanedisulfonate exhibited

analgesic and antituss1ve properties in animals. Unlike
the narcotic analgesic, mitragynine had little effect on
gastric mobility, failed'to“produce’ excitement 1in cats,
was not ‘antagonized by nalorphine, and had only weak
respiratory ~depressant activity 'in anaesthetized animals
at analgesic levels. In the mouse, no evidence of
toxicity (tremors and convulsions) was observed after
doses as high as 920 mg/kg. Mitragynine was found to be
much 1less active subcutaneously than orally, suggesting
that the active analgesic moiety may be a metaboiite

(Macko, Weisbach and Douglas, 1972).
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Zarembo et al. (1974) produced two active
metabolites from microbial transformation of mitragynine
by the fungus Helminthosporum sp. (ATCC 20154) were
isolated from the biological milieu and their structures
were elucidated as mitragynine pseudoindoxyl and hydroxy
mitragynine pseudoindoxyl. Mitragynine pseudoindoxyl
displayed analgesic activiéffin‘the D'Amour-Smith test
almost 10-fold (9.4 : 1) gtrongeé than mitragynine when
administered by both oraluand intraperitoneal routes to
-animals. Hydro§y“mitraQySpne pseudoindoxyl was 20-30 %
more effective gnaﬁ;hitragyhﬁne.

F Ll —
rfr \ &
According tq Rgffiﬁf, pre-gclinical trials in

f g A -'_.I‘.ld 7
humans of mitragynine thchféakried out by Smith, Kline

FyE Y v i

and French Laboratérigs_reveéiﬁg,unacceptable side effects
(Jansen and Prast, 1988). léiggnjs point it appears that

\ '}
mitragynine ;sipositive for use as anaigesic, antitussive,

- el

and hypothermic agent in animals —while there 1is no
evidence of addition properties. But;.mitragynine is too
toxic fom "its analgesic activity to 'have any clinical

application, while the.corresponding pseudoindoxyl may

haveppotentialy
2. Ajmalicine

Ajmalicine is an official pharmacologically active
compound for the treatment of circulatory diseases,
especially in the relief of obstruction of normal cerebral

blood flow and hypertension. It is related chemically ¢to
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reserpine but has less antihypertensive activity. Its
hypotensive effect is mainly due to a reduction in cardiac
out-put and a reduction in peripheral resistance. Like
reserpine, ajmalicine causes depletion of noradrenaline
stores in peripheral sympathetic nerve terminals and
depletion of catecholamine and serotonin stores in the
brain, heart and many othé;;fqrgans resulting 1in a
reduction in bloodApressure, bradycardia,, and central

nervous system dépnession (Reynolds, 1989).

3. Rhynchephylline (Mitrinermine)

Rhynchopm}u’mé, ilsje'cted in doses of 0.1 mg/g,
causes in gu1nea p&g a reduct;on of temperature of 2-3°C.

It 1is very toxic to paEamecﬁﬁm which is killed within 6

_-‘;,-

minutes by a 1:1000 soiutxon:fPerrot Raymond-Hamet and

.q_.

-

Millat, 1936)4 Small concentratlons Jof rhynchophylline

contract théflntestlne of guinea-plg amd rabbit, though
large concentration relax them. The uterus of the rabbit
is contracted. . On _ the isolatéd seminal vesicle,
rhynchophylline~ antagonizes “the' effect 'of adrenaline and
acetyl .choline .(Raymond-Hamet, .1937,1941)., Rhynchophylline
is a 'very " potent "hypotensor, which “is' devoid of the
effects on the sympathetic system produced by yohimbine
(Millat, 1946). The hypotensive effect of the total

extracts are, inpart, owing to rhynchophylline (Saxton,

1985 .
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4. Dihydrocorynantheol

Dihydrocorynantheol exhibits antimicrobial
activity against gram-positive bacteria, Bacillus subtilis
and Staphylococcus aureus (Verpoorte, Ruigrok and

Svendsen, 1982).

5. Mitraphylline andfsﬂ}soajmalicine

- ;
In the dogs mitraphylline has an hypotensive

action but does ndt,cbuntexact the hypertensive and renal

i

vasoconstrlctivsf action of adrenaline (Raymond—-Hamet,

1933). M1tragh§111ne exerts a general depressant effect

and in some resgécts ﬂesembYes cocaine, but is less active

than mitragynine;(SaxtonQ 19655 The low doses intravenous
o 4 .H..
injection of mitraphyiline and?}—isoajmalicine separately

to anaesthetized ratg,produéig. ose-related decrease in

blood pressute and heart ratemlin higher doses

-

(e.g. 24 mg/kg) the contractile proégities of the heart
became depresged which was manifested by arrhythmia and
heartbeat cessation, The ‘1ethal +doése in rat of
mitraphylline is 96 mg/kg. Studies of mitraphylline and
3-i§0ajmalicine on isolated’ rat''s and ‘guinée-pig's atria,
negative chronotropic, negative inotropic, and negative
dromotropic responses had been observed. These effects
were resistant to atropine (Archongka, 1983).
Mitraphylline and 3-isoajmalicine also reduced spontaneous
movements of isolated rabbit jejunum as well as the

resting tension of ileum from guinea-pig (Sroysuwan,
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1985). These results indicated that mitraphylline and

3-isoajmalicine possessed anticholinergic properties.

Separately preincubation of the rat right atrial
strips with mitraphylline and 3-isoajmalicine antagonized
positive chronotropic responses of . the tissues to
5-hydroxytryptamine (Archongka, 1983). The 5-hydroxy-
tryptamine-induced contractioﬂ?ﬂn»isolated aortic strips
from rabbit and ileum fromfguinea—pig were also reduced by
3-isoajmalicine -(S}bysuwaq, 1985). These results show

antiserotonergigf[jpropertigs of 3-isoajmalicine and

4

mitraphylline. ;’ =

6. Hiréﬁtxqguana Iéé;@ynchophylline

i
a,-j; o dfg_
Hirsutine dn@f};prhyncﬁgphylline were examined 1in

e d

————

the rat superior cervigal gééﬁgigpic preparation in situ.

Intraarterial&?dministration at the dq§§ 1 mg of hirsutine
exerted gangf;on blocking effect lasféé longer than that
of hexamethonium in 0.5 mg. Inhibitory effect of
isorhynchephyliine) ‘dt (the'ldese/ 1img was “Weak and short-
acting (Harada, Ozaki and Sato, 1974). Intraarterial
administration’ of “the  dose' 2 mg” of//hirsutiilel'to the rat
limb ' preparation (in situ) depressed both indirectly and
directly elicited contractions of the muscle. Its
depressive effect of about 50 % lasted longer than 1 hour,
The dose 2 mg of isorhynchophylline showed little

depressive effect in both indirectly and directly elicited
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contractions, which corresponds to its very weak

ganglion-blocking effect (Harada and Ozaki, 1976).

The effects of hirsutine and isorhynchophylline on
parasympathetic ganglionic transmission were studied in a
preparation of the guinea;pig urinary bladder in situ.
Hirsutine at the dose 0.5 mg fh@;bited the contraction of
the wurinary bladder inducsd by eieqtrical stimulation of
the pelvic nerves‘ip'guine$—pig. Their potency was about
50 %°-of that'}ﬁ : hexam%;honium. Isorhynchophylline,
0.25 mg, showed .'Jéakjinhiéttory effect. Both hirsutine
and 1sorhynch6phﬁ}i?§f££ ghq do;e of 0.25 mg depressed
the contraction %ﬂapgeg{byféggfaarterial dimethylphenyl -
piperazinium, ﬁﬁtﬁ mnb dé@ggonizing action to the
acetylchol1ne—induéeé&é§htra§§;%h. At the dose 0.003 g/ml,

A ".'J'-"\-‘Fl—--a
hirsutine andnisorhyﬁﬁhbphyllﬁné eleva}ed the tone of the
; 2 &

spontaneous uﬁ@vement of guinea-piq's_é;inary bladder and
augmented its::amplitude. The stiéulating action of
hirsutine was notseffected by pretreatment with atropine,
hexamethonium, diphenhydramine, oxr.tetrodétoxin. Hirsutine
also showed a local anaestheticmaction in ““the isolated
frog " sciatic 'nerve preparation. Apparently, hirsutine
inhibits bladder contraction by inhibition of the
parasympathetic ganglionic transmission and that a
blockade of the nicotinic receptors played a role in this

effect (Harada, Ozaki and Ohno, 1979).
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