PART ¥

INTRODUCT ION

Debura metel L. var, fastuosa Safford (Smitinand 1980) is an

annuﬁl herbaceous i plant_. belonging. to .t.he family Solansceae,
orNightshade family a'hd is disbr*ibutéd 'pr\'lmar_ily‘ in tropicel and
Sor.}t.h Amef_ica (Benson 1959 ; Lawrence 1978), All" parts of this
plant contain chiefly tropane alkaloids, hyoscine <{also known -
asscopolamine} . and in lesser amount l-hyoscyamine. The latter
racemizes dﬁring the dr-ying and extraction processes to
dl-hyoscyemine or abropiﬁe (Punyarajun' 1932) . Both hyoscine and
a’oropiné are used 'wor\ldwide in medicine as mﬁdri.atic and ‘par*asymba—

tholytic age_nts. (Innes and Nickérson 1988 Shah ar}d' '}{hannal1964_;
'Som'anlabandhu and Sun’.c.ornchardenon. 1980 ;‘.Tyler et al . 1981). In
Theiland, Daturs species are used in ,t,r.adi.tional medicirme' more than
4.5 tons ennually and are distributed widely in the wastelends and
_bhe' rcadi-.Sides (Punyarajun and Tipdusangta 1981). H;. thus serves as
a coumnehcia'l source of the medicinally important tropane alka_loidé.
namely etropine end hyosciné. Because of its wides;:read o_i:curr'ence
" throughout, Thailand, it may .be" ‘considered as an h_t.t.r-a.ct-.ive ~ source
for the . product.i'on of medicinally useful trdﬁ;ne' alkalcids,
particularly hyoscine. This will re_pl_'éc..:e the imported atropine
sulfate, Fluidextract Belladonna, Fluidextract  Hyoscyamus,
Fluidextract Stramonium, mydriatic eyedrops and other sol'gnac:eous
plants which contein similar alkeloids, so as to reduce the éﬁst of

drug lmﬁor_t.at.ion spent each year. Although the domestic market is

small in this respect it is one of the medicinal plants suggested by



the UNfDO to gfow in developing coﬁntries (ﬁunyapfapatbara
198@-19681) so that they can be self reliance for the pharmaceuticals
which are used as the Gl-anbispasmod{cs and more demand is expected
in the future. Therefoﬁe, optimal culﬁivébed conditions as well as
optimal time of harvesting should be éstablished for the commercial

exploitation of this medicinal plant.
1) Botanical Characteristics of the Family Solanaceae

The family Solanaceme is found in the tropics but well
représenbed lalso in : bemperaté regfoﬁ (Bailey et =al. 1975
Hutchinson 1973: Rost et al. 1984), There sre about 85-99 <enera
‘and ovéf 2, QBE species {Bailey et al. 1975 Hawkes et al. 1979 3
Hutchinsqn 1873), yielding many subjects for ornament as also for
food and drugs. Although the family is of worldW1de dlstrxbut:on.
most of the cultivated form were bpoughb under domest1cat10n in the
Western Hemisphere. There are many poisonous and medtcinal plants

"in this femily (Hutohinson 1973; Rost et al. 1984).

1t  is mﬁStly glandular plant whose herbage is’ vafiously
odoriferous when crusheqq(hawrence 1955) . .Ib is s cdarse. erect or
climbing herbs, shrubs or small brees (Bailey et al. 1975) with
_bicollaberél strands (Benson 1959 i Porter 1967). Thé leaves are._
mostly :albernate,entire or variously dissected or pinnatg '(Benéon
1959 ; Bailey et al. 1975 ; lawrence 1970). The inflorescence is
cymose and the flowers are mostlylbisexual. regular. hypogynogs

discs, <egamopetalous corplla' prevailihgly rotate but’ varying



' greatiy in its shape and structuré'(Bailey.gg al, 1575 $ Lawrence
1955} 1979 § Porter 1967). Sepals are usually coslescent for
almost their full length (Lawrence 1978). Calyx is 5 lobed,
persistent and enlarging in fruit (Bailey et al. 1975 3 Benson
1959 3 Lawrence 1870). Corollas ere in rotate to tubular form,
typically 5—lobed with usually plicgte or convolute {(Benson 1959
Lawrence 197@5. The androecium is commonly of four didynamous
stamens ta fifth is wusually represented by staminode) (Benson.
1959 ; Lawrence 1955).’ Stamens are epipetalous, alternating with.
corolla lobes, often connivent by their anthers and hypogynoﬁs
disc usuzlly present. The gynoecium consists cf 8 pistil with =a
sﬁperior ﬁsually bilocular ovary haVing'axiie p1écenta£ion and a
§ing1e style wigh twollobed sﬁigma (éomeb{mES 3-5 loculed by false
sepﬁaﬂion). The.fruits arerberriEQ or'sépticidal .cépsules wiﬁh
smooth ér piﬁted seeds (Benson.1959 § Lawrence 1955,'1979 ; Porter

1967).

The family Solanaceaé wés.inﬁerpreted :by Wettstein as
probebly of a polyphyletic origin, as évidenced by alliance wibh.
‘éeveral families. The'mosb related family is the Scroﬁhulariaceae
-and can be distingujshed from the Solénaceae by the presence 6? the
gct inomorphic .corolla,. bhe‘ﬁypical 4 oﬁ 5 stameﬁs. thé ;sualiy
‘plicete. corolls and £he invarisasble anatomical characber of
bicdllaterai vascular strands in ghe latter (Bensoh 1959 ;3 Hawkes
et al. 1979 ; Lawrence 1978). The family wes divided by Wettstein

into. 5 tribes :+ Nicandreee, _Solanéae,‘_batureae, Cestrease and

Salpiglossideae (Hawkes et al. 1979 i Lawrence 1978).



This family was included by Benthaﬁ and Hooker and by
Bessey within the Polemoniales (separated by_ Bessey from his
Scrophulariales by the actjnomdrphic corolla), wheress Halliers.
éoﬁsidered it to be the primitive member of the Tubiflorae and
(together with the Schophulariaceae) toc have been derived probably
from the Linaceee (Benson 1959 ; Hawkes 1979 3 ‘Lawrence 1978).
Hubchinsén included it ds the primitive taxon of his..Solanales.
together with the. Convolvulaéeae, an order ancestral +to his

Personales (Lawrence 1970).
. 2) Botenical Characteristics of the Genus Datura.

. - The ¢enus Datura'belongs to the tribe Datureae and the
femily Solanacese. The generic name of Dature was first used by

Limmaeus (1737} in his Hortus Cliffortianus (Satina et a1, 1859),

According to Safford (1922), Linnseus latinized the East 'Iﬁdian
name Dhature or Qg§£§;  According to Asa Gray (1848), the name
Déturé is from the arabic name Tatorsh ¢(Satina et al. 1959), More
thén a .scofe of common names ih English and mah& moré in other
languages are used for this cosmopoliten weed of ‘worldwide.
distribubion (Kingsburg 1964) |

This ggnus>coﬁprises of 25 species'(Pongpisal, unpﬁblished
M.Sc. thésis). of these..several are found jn warmer part ﬁf £he
globe and several others aré occasionally cultivated for their.éreét
trumpet-like odorous floweré but some are widespread weeds (Bailey

t 8l. 1975 3 Kingsburg 18964). Blakeslee (Satina et al. 1959) gave

a simple deséripbion of Datura as follows



Flowers perfect, 'gamopethléus. solitafy and pediceled,
rathef small {n some species and very large in othersf Calyx -
elongated and bubgiar, évendy .or unevenly Five—iobéd' or
spathelike, splitting lengthwise, or circumscissile.with the base
and breaking away ‘afbeh fliowering or Forming ‘an enlarged and
subtended disk, or cup, under the capsule, Corclia fumnel-shaped
end tubular. The tube long and slendery.bhe limb either five-
lobad or forming a ten-toothed and plaitéd hofder. The five
stamens, alternating with the corollas lobes, are attached to the
inner surface of the tube near the base., Stigma two-lobed, style
filiform. | Ovary supébior, Qwo celled at the top end o?ten. four
celied below because of.bhe ppésence of a false septum. Fruit a
capsulé,* globose, fusiform, _oﬁ ovoid, four—valved or burstihg
irregularly, spiny or smooth. Leave; " and steﬁ glabrous .or
pubesdent. Annual or-oocasionally perennial herbs, bushes or small

trees.
The genus Datura is divided by Safford (1921) into four
sections ¢ . Stramcnium Il.-Dutra 111. Cerébocaulis_lv. Brugmansia

(Setina et al. 1959 ; Hawkes et al. 1979),

2.1 Section I. Stramonium tTournéForbj Bernhardi. (Satins -

et al. 1959).
The species belbnging to this section, D. stramonium,
QL ferox asnd D. quercifolie have erech flowers and‘ capsules which

when ripen,'break regularly into four valves. The ¢calyx is evenly

five-toothed, circumscissile. The seeds are black. Each fork of



thé dichotomous stem has a flowenr bud. These épecies are erect and

ennual herbs.

2.1.1) D, Stramonjum L. (D. tatula L., D. inermis Jaecq.}
(Setina et al. 1959 ; Bailey et al. 1975 ; Benley end Trimen 19833
Kingsburg 1964 ; Tresse and Evan 1985).

D. stramonium, Q;_Eggglg.aﬁd D. inermis have beem
considered as varieties by many botanists. lts stem and branches
are round, green and nearly glabrous. The leaves of this plank

“have petioles about one—gquarter to one-third of the length of
lamina. The lamina is ovate aﬁd éoarseiy dentetely lobed with &
few §rregular dentations oﬁ the lobe. The corol}a is tubular-
f‘unnel.'s’hapedf It is white or violet. The calyx is half of £ﬁe
corclla tube and drbppipg with tﬁé; covqlla shdrtly éfter the
withering  of the labter.. The anther is purpie in the purble -
flowered types.and white in the white types;_ The style is shdrter _

"than the corolla tube. The mature‘capsuie is almost completely 4'

celled.  The seeds are numerous and having kidnéy shaped.

2.1.2) D. ferox L. (Sbfamonium'Febox Boﬁéone.) (Satina

et 81, 1959, |
. Thié_ species can be easily recognized by the
large and very'stoub spineS cover ing the 6apsules. Uppeﬁ spines
are.larger than_the lower.. The stem is green except the hypocotyt
which is purple. The leaves are angulah_and sinuabé. .The corolla

and the anthers are whibe; " The capsule are oyoid. Other

characters are as the same ss D. stramonium,



2.1,3) D. guercifolia H.B.K. (Sstina et al. 1959).
. It is & coarse, branched herb or shdrtflived
shrub. The stem and leaves are slightly downy sand pubeséenb;. The
leaves aré deeply pinnately lobed. The anthers and the stem are.

purple. The capsule and its spines are as the same as in'g. ferox

but less stout than the latter.

2.2) Section 11, Dutra Bernherdi. (Satina et a}l. 18569).

Six species belong to this section : D. pruinosa, D.

leichhardtii, D. meteloides, D. metél.'g. discolor end D. innoxia.

The flowers are erect, small or very large, five lobes or ten -
angled, whibe or colored, with simple or double corolla. The calyx
is usually dropping with thé witheréd coronlla and circumscissile.
The capsules are nodding or inclined, ‘breaking irregularly _at
mabﬁrity.'spiny or tuberculate. The seeds ere brown or black with
strophiole sttached to the hilun.  These species ere anmual herbs,

occasionally forming perennial roots.

a;z.i_). D. pruinosa Greenm.’ (Satina ot al. 1959).

It is & slightly spreading stem. The leaves ere
dark gréen. ovate ahdlslighbly dent.ate with unequgl at the base.
The 'corolia ijs white. The calyx, leaves and stems are denéely
pubescent., The capsule is nearly globular and covered with short

slender spines.

~



2,2.,2) D. leichhardbii Muell. (Satina et 8l. 1959),

This species, 1ike the preceding, differs from
other species in the Dutra section by the smaller size of its

flowers, leaves, capsules and general hesbits.

2.2.3) Eu mbEIDides DC. in Durlalo (Satim “e_ta" EJ;_. 1959)-
The corolla is white and faintly suffused with
violet. The stigma is ?requéntly protrudes from the corolls in

buds. The anthers are white, (Other characters are as the same as

" D. pruinosa.

2.2.4) D. metel L. (D. fastuosa L., D. glba Nees.)
(Satina et al. 1959 § Scbti and Kaul 1982 ; Kingsburg 1964 ; Perry

et al, 1980 ; Quisumbing 1951 ; Shan snd Khanna 1965),

~So .‘much work hes been done on Datura metel

that is difficult to draw up 8 summary. The two names given as
syhonyms are regafded as two races of the species by those who have
workedl éytologically with it This.is_a‘glabrpué §preading herb
éometimes becomes shrubby or erect. It is about G.SIméter in soﬁe
varﬁebies. reaching to 1.5 meters in others. The plant branches
dichobomously, the 'd]der'plants bearing leaves atrbhe_ top only;
" The main‘stem is modefabely @hickéned in the peremnial, but h@t in -
the first year. Stems aré green:in_Forms with white flowers and’
.pufple in those with purple flowers._ Thé young stems are fragile
and ¢glabrous, The distal perbs of Sbem have dwarf shoots of 3-4
smaltler  leaves. which erise in the.exils of the leaves, off +the

main branches. The leaf scars are conspicuous on the stems. The



leaves are  olive green.above aﬁd'péle green beiow. The .lapger
leaves on the main brenches have an alternate phyllotaxis.
Petiole i{s about 5 — 8 cm. long, flat above, and glabrous. Lamina
is ebout 15 - 35‘cml.lohg and 8 - 12 ﬁm, broad, ovate &0 'oblong
ovete with unequal base, nearly entire or “with a few teeth,
minutely pubescent oh both the surfaces. Venabioﬁ is reticulate
with 3 = 5 principal lateral veins bn each side, which .aﬁastomose
.at the margin., Apex ié acute. Base is ésymmetric.. The smaller
leaves of the dwarf shoots are in close group of 2 - 5 out of which
generally 2 are bigger. The flowers are large_and white.. The
corolla is trumpéb—shaped; simple, double, triple by-thé irregular
petéloid oubgrowth of - thé sﬁamené gnd inﬁer.corolla surfaces ‘;
‘about 14 to 15 om, long. The calyx. is regular, 5 to 7 om. long,
evenly five ldbed, less ‘than half as léﬁg as the corolla. Style
is 11 o 18 cm. long. Capsule is globose, ix@ciined,‘ 4 to 6 cm. in

diameter and covered with very shdhb spines and tubefcles.

The main characters that 'di'st.ing'uis;.h this -
species. from the other large species of the Qgggg s¢cbion are the
‘glabroﬁs condition of the stem and leaves and the very sﬁort spines"
or tubercies on the capsule,

2.2.5) D. innoxia Mill. (Satina et al. 1959 3 Sobﬁi and
Kaul 1982) |
| It is 'élésely resembles .Q. ﬂgggi and is
distinguished by the presence of densé pubescense, ovate leaye;
wibh. cordate - base énd lohg weak épineé on the fruit' which ~ is

cépsule with 1ocular-dehiscence.
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" 2.2.6) D, discolor Berrﬂn_{SatYnalég'gl. 1959)

The habit is spreading. The leaves are ovate,
dentate or- -almost entinre. The corolla is nearly white with_ viclet
striped thrqét. The calyx is sharp engied, dropping with corolls
and leaving at the base of the capsule a'lérge frill. The capsule
is ovoid and covered with long S;Ender spines. The stem and léaves

are slightly pubescent.

2.3) Section 111. Cerstocaulis (Spach.) Bernhardi. (Satina

et al. 1959).

2.5.1) D. Ceratocaulis Ort. (satina et al. 1959).

It 1s the single species of this section end
differ' from other herbaceous Forms.of_gggtg by .having ,émooﬁh,
herryléke ¢apsules. The flowers are-larée,"ﬁale 1aVénder (darker.
along. the vein)_and trﬁmpebwshaped. -The corollé tube is - long,
narrow and ten-toothed. The 'calyi is spathelike.. fhe sbem is
smooth. 'The ieaves"ﬁre pinnately lobed and slender bgneath. Seeds

. are black, smooth gnd shiny.’

2.4) Section lv.—Brugmaﬁsia (Perscon) Bernhﬁrdj. (Satins

ek él. 1959) . | C
The - taﬁonomy _oflthe section Brugmansial is rather
comﬁlicatéd.' They aré widely cultivated as ornamentals. " They
preduce large, whibé .or coloﬁred trumpeb—éh@ped,?lowers. The

calyx is spathelike or toothed, not circumscissile at the base and

falling off entirely or persisting as a husk about the base of the



11

fruit. The fruit is unarmed, spheroid; oblong,.lemon shaped, - or
long and slender, opening irregularly. The seeds are large and
coveréd by a thick corky layer. ‘The stems are woody § shrub or
-smali trées’ of tropical America, especially -Colombia. E;uadof,

Peru and Brazil.

'3,  Botenical Characteristics of Daturs Metel var. Fastuosa

(Setina et al. 1959 3 Shah and Khanna 1965).

‘Botanical name ¢t Dasture metel Linn. var. fastuosa Sefford

(Smitinand 188&)

Family : Solanacese (Satina et al. 1959 3 Hawkes
et al. 1979)
‘ Vernacular name s Lamphong kaasalak (Central, Sukhothai) § Ma

khuea baa dok dam (Lampang) ¢ kaasalak.

(Smitinand 1986)

D. metel L. var. fastuoss Saffofd and D. metel Linn, are
known as "black" ahd "white" datura respectively (Punyarajun and
Tipduangba 1981 i Shen and Khsnns 1963, 1965). For a long  time
confusion prevéiled ‘ghout the correct botanical identities of D.
metel var. fastuosa. Shah and Khanna (1965) elucidated and pocinted
out the botanicel identities of D. metel var. fastuose which can be
distinguished from D. metel by £he purple colour of the stem, main

veins, flowers and double or triple corolla.
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D. metel var. fastuosa is an annual herb, but becomes a
perennial undershrub. The plant branches.dichotqmoﬁsly. the older
plants bearing leaves at the top only. The main stem branches at -
higher region then PB. metel and is not spréading as is bﬁe caée
with D. metel. Colour of the stem, petiole and lower surfece of
thé young leaveé is deep purple. Corollaé of the_multiple' fioweps
. are aiso purple. The plant attains & higher g]bitude and becomes a
éhrub of a small tree sometimes. 1t attains a height up to IG'Ift.
The lower thick stem with cork developed is ash coloured. The
petiole and the veins on the lower side are purple in colour,
sometimes patches of lamina are also purple colour on the lower
side, especially in yqung-léaves. The most characterisgic. feature
of the ﬁlant is the flower, which has doukle, triple or even
'quédruple corella, purpie coioured and veined. In case of D.
metel, the flowers ére most 1y cream& whité to whibe,'usually having .

‘a single corollas. Other characters are as same as ih D. metel.
4. Cheﬁistry of Tropane Alkaloids in the Genus Datura. -

_ Safford (1921) grouped the gehus Datuba into four sectioms:

————

I. Stremonium ; 1I. Dutre § 111, Ceratocaulis and IV, -Brugmensia
~ (Hawkes et al. 1979 :.Léeta_1959). In recent years & number of -
reports have appeared ,éxpressing wide variébjons in' the bétal
alkaloid content. Teble 1. (p.13) (Leete 1959) Jists the various
.sﬁecies of Datura-and thgir alkaloid cOhbent‘a# far -as‘ they are

known. :_Thé percentage wejght of the alkaloids are averége value,

since different workers have‘repobted varying yields of alkaloid.
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These variat{ons in the alkaloid content are markedly distinct due
to different locelities, environmenbs and sﬁage qf growth'
(Chaudhuri 1954 ;Griffin_1976‘: Gupta et al. 1973 § Kapshi and Sarin
1978 § Karnick and Saxena 1970 j Leebe 1959 { Trease and Evan 1985,

The nitrogen Perblllzataon of the soil can 1ncrease the 31k3101d

yield from D. stramonium, D. metel, D. innoxis eand D. discolor
(Afridi et al. 1977 § Fluck and Nisoli 1854 % Kurowicka - Kulesiyﬁa
1953 i Leete 1959 ; Madneno Box 1984 § Mehran et sl. 1974 ; Maurin
1925 ;Shibata et al. 1951, 1952) 3§ but however the rstio of

hyoscyamine to hyoscine in & part:cular species did not change.

Some fifteen species have been studied in chemical_de£3i15
and 81l exhibited much the same type of alkaloid spectrum i  in
this reSpéct, the tree daturas fﬁrugﬁansia), 'somebimes' gfforded
generic rank, exh1b1t no marked dtfferences té the other sectian' 
because a numher of botanists did not accept the ¢generic 'raﬁk‘
given to Brugmansia but considered these plants to be 50 closely
connected with other species of the genusraé to form a seqtion'.nf
Dutra (Hawkes et él. 1979 ; Leete 1959). The aer{al_parts_of all
plants contain hyoscine and/or l-hyoscyamine as priﬁcipal
alkaloids witﬁ sméller.amounts'of derivatives of these bases. The
roots contaiﬁ. in addition, 8 larg¥e numbers of esters_fopmed from.
tfopane—diol. and tropane-triol. The alkaloids chafactefiSed from
tﬁe genué are given in Table 2 (p.l?) (Hawkes et gl. 1979).
Although not all the alkaloid listed have been isolated from each

" species, the vartab1on bebween species Bppears largely to be one of
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degree with minute amounts of some bases often béing difficult to

separate from the more prevalent components (Hawkes et al. 1979).

4,1) Chemistry of Tropane Alkalcoids (Innes et al. 1980 3

Léebe 1959) 1 Apart from cuscohygrine all the alkeloids of Datura
are derivatiﬁes of tropane (1) (Figure 1,p.20). 'These alkaloids are
organic esters Formed by combinabidp of an aromatic acid,  bropic.
- acid (112, snd complex organic base, either tropine (tropsnol) (111}

or scopine (I1V). Scopine differs from tropine only in having san
oxygen bridge betwesn the cerbon aﬂums designated as 6 and 7 in the
. structural formulas.: Hyoscine (V) and l-hstqyamine (V1) dre _ester
of tropic‘ acid eand s&lcchol .sccpine or tropine respacbively.

Homatropine__is a semiéyﬁthetic compound produbed by combination  0£
the tropine:and mandelic acid.._There is.ah gs&mmetricgl carbonﬁatom
in tropic énd mandelic gﬁids (boldface C in the formulas in Figdure
Iep.20). Hyoscine is l1-form end is much_mure aébive than d-form,

Atropine is racemic form of Hyoscyahine ﬁccurring during extraction i
process and  consists of mixture: of equal parts of d- and
1-hyoscyamine but the antimﬁscafinic activity is almost wholly ldue
to the naturally éccurring 1-form. L-hyoscyamine is thus twice as

potent as gtropine in its antimuscaerinic activity.

4,2) Tropaﬁe Alkaloids of babgra Metel L.var. Fastuosa._
- Safford |

The principsl alkaloid of D. metel var. fastuoss
is hyoscine or scopvlemine (Punyarejun snd Tipduangte 1981 § Shen

“and Khanna '1963) with traces of l—hyoscyamine. 'dl—hyoscyamine'
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Figure I Structural Formulas of Tropane (1), Tropic acid (112,

Tropenol (111, Scopine (1V), Hyoscine (V)  and

" Hyoscyamine (V1),
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(aﬁfopine) aﬁd norhyoscyamine. ‘The presénce of hybséiné gk . nearly
two times of hyoscyamine in sall plant parts which are tested at the
elevation of 313.13 meters'above the average éea level of Chiangmeai
province (Punyarajun and Tipduangta 1981).and the total alkeloid
content in the ﬁverground parts ranged from ©.401 percent to 1,964
percénb. According to Somanabandhu and Suntorncharoenon (198@), D.
ggggl‘ var. fastuoss which was collected from Bangkok and Ang Tong
proyinces showed that hyos&ine appeared to be the major—alkaloid in
the leaves whereas stropine eppeared to predominate in the roots.
According tolShah and Khanna (1963) observations, leaves of both D.
‘mgggl and D. metel! var. fastuosa contain hyescyamine and hyoscine
56 and IAE percent of total tropane‘alkaloidsA respeétively. In
entire herb, percentage of hyoscine and'hyoscyamine ére 5@ and 40
percent respectiveiy ‘which may be attributed to the higher i
percentage of hyasciﬁe in flowers; The total alkaloia content of

D. metel var., fastuose is about 1.5 times of that of D. metel,
Quentitebive analysis of the aerial parts and rocts of D.

metel var. faétuosa weS ‘cérried oul on. samples' collected from

different locations and the results are shown in Table 3 (p.22).

5) Biosynthesis of Tropane Alkaloids..

'5.1) Biosynthesis of Hyoscyamine(ﬂtropine).

The charecteristic of tropane alkaloids is ester of
hydroxytropanes (the elkaline part) and various acids (the ecidic

part) <(Hewkes et al, 1979 3 Tresse and Evan 19853 Tyler et al.
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19813, Most investigations of their biosynthesis have been
performed  extensively on various specieé of Datura but eall -the

.evidences -suggest that similar pathways operate in other tropane

alkaloids—producing ﬁlants (Tremse and Evan 1985 3 Tyler et al.
19813 . Feeding studies witﬁ labelled ornithine (orﬁithine-ZM‘AC)
have shown that this eminc acid ié incorporated stereoépecifically
to form the'pyrroiidine ring of tropine ( Bernfeld 1967 ;3 Leete
1959 1 Robinson 1968 f Sim 1979 § Swan 1967 3 Trease and Evan 1985 %
Tyler et al., 1981). The remeining three carbon atﬁms are derived .
from acetate and thus completed the piperidine  mﬁieby (Bernfeld
1967 § Tyler et al. 1981). Methylation occurs via transmeghylatiﬁn
.from ~a suitable donﬁr; for examplé, meﬁhibnine. to  complete the
tropine_nucle#s (Fiéﬁre 2+ D.24) (ﬁobinsoﬁ 1968 3 Sim 1970 ; Trease-

and Evan 1985 ; Tyler 1981).

‘Phenyialanine is the precursor of.£ropic acid by an
intramolecular  rearrangement of the side Ebain during the
conversion (Bernfeld 1967 H Robinsén-lQGé i Sim 1976 3 Treasé and
Evan 1985 ;'Tyler_lgsl). _Tpopine on esﬁgpifﬁéatiun‘ wiﬁh tropic.
acid affords hyoscyamine (Figﬁre 2, p.34) from which vsrious
alkaloids are derived. During.ﬁhe extraction pruéess. recemization
readily _occurs.since the asymmetric carbﬁn atom is adjacent to a
carbonyl group and can enolizé. Dl—hyoscyamine'resulting.From thisr

racemization is known as atropine (RobinSOn 19687 .
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Biosynthesis of Hyoscyamine (Tyler et a&l. 1981),
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5.2). Biosynthesis of Hyoscine, .
Hyoscyamine is a 'predursor of. hyoscine and inter~
mediates in this'transformabibn_are apparently 6, 7-dehydrohyoscya—
‘mine and 6-hydr0xyﬁyoscyaminea Epoxidation of the latter leads o

"hyoscine. These reasctions asre summerized in Figure 3 (p.26).
6) Extraction and Isolation of Tropane Alkaloids.

In the extraction sand isolastion of tropane alkaloids from
- the plant meterials, there is often s great problem to separabé
these atkaloids, which constitute only a'small_amount. from the
bulk of the non-alkaloidal materia]s.. ﬁxtraction _methods vary

with the scale and purpose of the operation (Griffin et al. 1975

Hamon and Eyoifson 1972 g.Hikiné et al. 1983 ; Pennington and -
Schﬁidb 1982 3 Punyafajun 1982 ;3 Somanabendhu énd Suntorncharocenon
1960 3 Uniﬁed Stetes Pharmacopoeia 1979 { Wu-chu et gl; 1969 :
Wyatt et al. 1976) and'the procedure.most commcenly employed is__one'
of the folloﬁing genefa} _mebhpds described 'beiow; (Sim 197@_;'

Trease and Evan 1985)5

Process (A) t The waberéimmiseible organic solvent ié used
for the initial éxtraction of the powdered material. The
alkaldids usu&lly occur in plénbs_as salts in complex mixtures .of -
water-solublé compounds and all kinds of iipid. therefore,. with
plant material}, the primary extraction.is usually_ effected with,
organic solvents after the 1iﬁeration of the alkaloid bases from

their.salts by treatment with mineral base (Holmes 1959 3;Sim 1970 ;
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\
N
/

~CHg < Hyoscyamine

1 _Deh&drdgenation

N-CHg 6,7 Dehydrohyoscyamine

/

| l Hydroxylation

N-CH3 : 6-Hydroxyhyoscyamine

' l Epoxidétion

\

O N- CH3 Hyoscine

/

HO

Figure 3. Biosynthesis of Hyoscine (Trease and Even 1985).
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Svendsen and Verpoorte 1983). As ﬁrolonged contact with strong
bases may lead to alterations to many alkaloids, such as'hydrolysis
of ester alkaloids, and as strong bases also cause the formation o?'
soeps, if fat are present, ammonia is most commonly use. Ammoniea
is sufficiently pasic to liberate most of the common alkaloids
w1thout risk of undesirsble reactions. - Also, as 'ammonia is

volatile, it can easily be removed afterwerds.

Ether end chloroform are among the most commonly used for
such extraction (Holmes 1959 3 Sim 1976 ; Svendsen and Verpoorte
19833, The latter solvent offers the advgnbage that the extract
can ‘be drewn from the bottom of the separabing funnel, so that the
manipulation of large volumes is minzmazed. The alkalo:dal extract
presented  in ordanic solvent is then shaken wiﬁh aqueous acid and
allowed t& sepérate. Alkaloidal,salts_are now in the aqueous
liquid, while some undesirable constituents still reﬁain behind . in
the organic liquid, then remove this organic phaée from the. agqueous
acid solubion.. Extraction is then carried out in continucusly as
same as before. The alkalan:ty converts the alkaloidal salbs iﬁ
the acidic aqueous sclution to the Pree base forms o? the dlkeloids
which are usually much more soluble in the organic solvent, thus
these s8lkaloid bases pass into the organic'solvent layer (Holmes
1959 3 Sim 1970 3 svendsen and Verpoorte 1983 § Trease and Evan
iQBS). | | | |

.When.the hlanb material (for example, seeds) is very rich
in’ faﬁs, rémovai d?.these.glycerides by preliminary extraction

with a petroleum solvent is often adventageous (Holmes 1959).:
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Process B =  The alkaloidal salt in blant materials is
exbbacted by means of water-alcchol mixtures (Sim 197@ 3 Svendsen
and Verpocrte 1983 ; Trease and Evan 1985). However, the risk of _
alterations to the genuine alkeloids pﬁésent in the rmaterial is
less undef such conditions. Extraction with most nrganic solvents,
gifeé extracks containing all kinﬂs of lipids and resins, whereés -
extraction made wiﬁh water and water-zlcchel mixbures ﬁi}l givé
extracts containing various polar compounds, such as proteins, gums
‘and mineral salts (Svendsen and Verpoorte 1983); In this case,
after further purification of alkaloidal ektracbs is achieved by
shaking with organic_SOIVQnE, it is naw"sufFiéiénEIy free frcm
pigments and other unwanted materials. Ex£ract§on is bhen carried
" out. by discarding the organic solvent and Fuhbherlextfactéd'as' in
process. (AY op» the Fﬁée alkaloids-ape‘bhén precipitated by bﬁé‘
addition of excess'of sodiuﬁ hicarbdnate (or ammonial aﬁd separated
by Piltration.'pr h& extraétiﬁh.wibh organic solvent (Trease and -

Evan 1985).
7) Quantitative Determination of Tropane Alkaloids.

For the determination of total alkaleids, the method is
besed on bitrimetric technique which is official in United Sbagés
Phabmacopceia XVI1l (197@). On the principle that only tropane.
alkaloids sre esters of organic acid and hydroxybrapéne. The deter— -
mlnatxon of btotal alkaloid contents will be either d:rect tatrab1an.
ar residual t1brat1cn and calculabed in berm uf ‘the alkalo1d

hyascyamineg (abtropine) (_Pu.m/ara,jm'; and Tipduangta 1981 P;m‘yama,jun
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1982 :: Shen and Khanna 1963 3 Somanabandhﬁ and. Suntorncharcenon
1980). This method has hgen'@idely ugéd for a long time. The most
COmMMONn _sbandard acid and base are  sulfuric acid end sodium
' hydrdxide. The indicator is usually_bromocresol'green for direct
titration (Karnick énd Saxena iQ?ﬁ.;a Shah and Khenna 1963 3
Sbmghabgndhu énd‘Suntorncharoenon 1988) or methyl red For. reéiéﬁg]

titration (Punyarajun and Tipduangta 1881 § Punyarajun 1982 3

Somanabandhu and Suntorncharoenon 1986) 7

This official methqd lacked of sensitivity and specificity
(Grady end Zimmerer 1978 ; Paduls et al. 1976). Small am;iunté of
élkaloids could not be assayed‘and decomposition products were ﬁpt
excluded. Numerous methods have been reportéd'for the detecbion.
and'tﬁe detepminatiqn of tropane.élkaloids in plant materials' such
as peper chromatography (Meﬁwally ggzgl. 19?6 t. Padula et al, 19763
. Turowska et al., 1972 § Zimmerer and Grady 19782, partition-column
chrdmatdgraph& (Zimmerer and Grady 19702, Eﬁin.]ayef chromatograph&
{Carlos 1971 ; Padula gﬁ gl., 1976 § Pletrieva gt al. 1973 § Saint -
Firmin and Paris 19677, £hin layer chromatdgraphy with densitometry
(Grady and Zimmerer 1970 3 Gros—Lebon and bebélmas 1972 3 Massa et
al, 1970 ; Padula st g 1976 3 Wu chu et al. 1_969),"_ colorimetry
(Bhansaiil.IQTZ { Bracey and Selzer 1968.‘ Ganescu et al, 1976
Grady and Zimmerer 197@ § Koch et el. ;965 i Lis WEnyenﬁ and Li,
Yongfei 1981 Niﬁ'o 196? H wishiéwski and Gwiaidzinska '19fz);
fluorometry  (Messerchmidt 1969 :& Robert.4'1969){ infrared
specﬂrophoboﬁebry (Padule gﬁlgl. 1976) and ulbraviolét—visible

spectrophotometry (Gomaa and Taha 1975 3 Hassan and Davidson 1984 3
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Minamikawa and Yémagishi 1973 § Woodson 197@1; Zimmerer an& lGrady
197@) . Some workers.héve explored the{gas chromaboéraphy of* tropene
" alkeloids.  Becsuse of ibs specificity, sensitivity end good
resolving propérties. gas liguid chrpmaﬂography (GLC) .has been
increasingly wused for tropene altkaloids analysis. . It is a
sophisticated and_efficienb éeparatiun techﬁique for ﬁhe anal&bical
laboratbry (Santoro and Zarembo 1979)., The USP pollaborabive study
for the assay of atropine and hyoscine dosage forms by gas
chromstography indiceted that these two substances cuﬁld-be assayed
in this menner with an acceptable degree of precision and is the
"basis for official methods in USP. However, the case becomes less
clear, even with the high resolving power of gas chromatography,
when Fouﬁd‘in'theipregence of preponderant concentration of _other'
aﬁjnes with high background contributions. The probleﬁ,is further -
complicétéd whén’ both atropine aﬁd.hyoscine ‘must  be debermined
together. 'The procedure‘have covered many types of.chromatoghaphic

conditions as shown in Table 4 (p.31).

High breséure.liQuid chromatography (HPLC) hés, in comﬁon
with eas chromestography, specificity, sensitfviby | end good
.resolving power. The use of HPLC in the separation “and the
determination “of tropane slkaloids hés been documented (Brown and
Sleeman 1978 3 Honigbérg eb gi. 1975‘§ Pennington and Schmidt 1982}
Santi et a1. 1975 3 Sanboro and_ZaremEo 1979 3 StutzTBnd Sass 19733

Walbers 1978 ; Verpoorte and Svendsen 1974, 1976).
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The technique used in this thesis is based on the GLC
“method to determine @medicinelly impqrtant tropane alkaloids,

atropine—hyoscyamine, hyoscine and its degrqdabion products.
8) Medicinsl Properties and Uses.

In traditional medicine, leaves, seeds and roots of Daturs
metel var. fastuosa, are used.(Maeinvongyeti 1986 § Tantivat 1978).
These parts of +the plant which. possess narcotic, anodyne

endantispasmodic properties are useful in neuraldia and antispasmo

dic (Quisumbing 1951 § Sarin 1982).

Datura : poésesses properties  analogous +o those  of
. Beliadonna t when locally .applied'in aqueous SQ}utiﬁn. it causes
dilabion of the pupil equal +o that caused by étropine solution at
ﬁhe dilution of "1 to 180 (Quisumbing 19513, in traditional
medicine of all ﬁveb " the East, the_leaves and the flowers are cut
in small pieces and smoked, like tobacco, in & pipe. It can
relieve the attack of bronchial esthma (Maeinvongyati 1986 3
Perry et al. 198ﬁ 3 Quisumbing 1951 3 Tanﬁivab 1975). ._They sre
slso apﬁlied as an anodyne poultice to inflamme& breasts in order
to reduce the inflammation due to excesgive secretion of milk
during lactation‘period-_(Qﬁisumbing.IQSI { Tentivat 1978).-' The
Malays use._the leéves in the greabmenb of boils, sores on the
legs, haemorrhoias, rheumab%sm, swollen'joinbs and fishbites as
well &8s for finngrm eand sorethroat, Fresh juice of leaves is

also useful.-in ,eérache. i-2 drops are being applied into the esar.
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The leaves boiled in otl is & good application to haemofrhoid anal

fissures and other diseases of the rectwn leading to tenesmus

(Perry et al. 1980 ; Quisumbing 1951). This juice is slso s

popular. internal remédy for the prevention of rabies. The powdered
roots are rubbed on the gum fdr toothache. The seeds pounded in oil
are used as an embrocation in rhumat ism and applied__ to

syphilitic swellings and boils (Quisumbing 1951).

In modern medicine (Leete 1959 ; Innes and Hickerson 1980

International Trade Center UNTAD/GATT 1982 ; Sarin 1982 ;‘Tyler et
al. 1981), Datura acts chiefly Ey virtue of its alkﬂloid_'COnﬁents,
hyoscine and hyoscyamine; They are of bonéiderable :phafmaceubical
interests because of their pafaSympabﬁolybiﬁ,- ant icholinergic,

antiemetic and sedative actions. Hyoscine resembles atropine - in

its peripheral acbioﬁ but differs sgreatly jn its central effects 3§

- it is 8 primary cenﬂbal depressard with sedative and tranquilizing

preoperties., .Like stropine, ft.is a potent mydriatic and has
cycloplegic effect which use té prevent adhesions.between~iris -and
lens of +the eye in case of iritis. In récenﬁ.years it has been
found increassing use in . relié? of withdrawal symptoms in,morphine
and alcohol addiction and in abnormal  sexual excitement.
Clinically useful effécts_of_hyoscine butylbromide obtained from
Elocking the muscarinic gctivity of aéetylcholine 'are _an.
ant ispasmodic effect used princiﬁally to relieve.épasms‘of bowel in
treabment. of spastic colitis, gastroenteritis and peptic ulcer ¢
and . antisecretory  effect. used .to- reduce anesthesia , gastric

secretions in péptic'ulcér therapy and'nasal and sinus secretions
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in common cold and allergy medi¢abion. and the methobroﬁiae salt
may be used in the s%milar way. Recent studies have sqggesbed that
transdefmal administration of the _latﬁer may be usefﬁl in
me intenance breatmenﬁ of duodenal ulcer., Absorption of +the drug
through skin may reduce sidé EPfebbs tha£ limit the use of
enticholinergics in ducdenal ulcer. The hydrobromide salt is used
as sedative in the treatment of écute ﬁania- in pre—operative

medication and in the preparations for motion sickness.

Atropine sulfate is sn antidote in cage of poisoning caused

by cholinesterase inhibitors such as  physostigmine and

. organophosphate insecticides.
9) Objectives.

15 \ to study the influence of Ferbilizers on total glkalﬁid
production snd  on the 'amounb_of hyoscyamine and/or
atropine snd hyoscine in, various parts of D, Qgggl
L. var. fastuuga Safford.

2 to stady the appropriate stege for harvesting.diffgrent

barbs of D. metel L.var.-fastuosa Safford so as to obtain

high total. alkaloid contents, hyoscyamine and/or atropine .

"and hyoscine.
3) to adapt the method for analyéing hyoscyamine and/or
atropine and hyoscine contents in different parts of

D. metel L. ﬁar, féstuosa Safford.



