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Alkaloids derived from solanaceous plants were the subject of intense investigations by European chemists,
pharmacologi~ts and clinicians in the second half of the nineteenth century. Some surprise was expressed
when it was discovered in the 1870s that an Australian bush, Duboisia myoporoides, contained an atropine
like alkaloid" 'duboisine'. A complicated and colourful history followed. Duboisine was adopted in
Australia, Europe and the United States as an alternative to atropine as an ophthalmologic agent; shortly
afterwards, it was also estecmed as a potent sedative in the management of psychiatric patients, and as an
alternative to other solanaceous alkaloids in the treatment of parkinsonism. The Second World War led to
renewed interest in Duboisia species as sources of scopolamine, required for surgical anaesthesia and to
manage sea-sickness, a major problem in the naval part of the war. As a consequence of the efforts of the
CSIR and of Wilfrid Russell Grimwade (1879-1955), this led to the establishment of plantations in
Queensland that today still supply the bulk of the world's raw scopolamine. Following the War, however,
government support for commercial alkaloid extraction waned, and it was the interest of the German firm
Boehringer Ingelheim and its investment in the industry that rescued the Duboisia industry in the mid
I950s, and that continues to maintain it at a relatively low but stable level today.

'It is to be regretted that scientific men in this colony have paid so little attention to the subject of
Medicinal Botany. Surrounded, as we are, by shrubs and plants possessing medicinal properties,
there is a wide field for investigation; and, no doubt, it will be found in time to come, that we have
been sending to distant countries for expensive medicines, whilst remedies equally efficacious might
be provided close at hand in all their native freshness.'
William Woolls, ACon/ribu/ion /0 the Flora oJAustralia (1867), p. 94.

Introduction: Solanaceous Plants

The Solanaceae family includes a fascinat
ing variety of plants. Some members 
including the mandrake (Atropa mand-,
ragora), Russian henbane (Hyoscyamus
albus) and scopola (Scopolia carniolica)
- have been employed for centuries to
induce hallucinations and in 'witches'
salves', in religious contexts and as instru-,
ments of crime, while others - including
the tomato (Lycopersicum esculentum),
potato (Solanum tuberosum) and capsicum
(Capsicum frutescens) - have found
favour in the kitchen.

A number of s'oIanaceous (solamen =

'comfort-giving') plants have also long
played significant roles in European medi
cine, both in folk traditions and in so
called 'school medicine'. Certain of these

achieved particular prominence and
remained in standard pharmacopoeias
until the mid-twentieth century: deadly
nightshade (Atropa belladonna), henbane
(Hyoscyamus niger) and the thorn-apple
(Datura stramonium). The isolation of the
active components of these plants attracted
a great deal of attention at the end of the
eighteenth century, but it was only in the
middle of the nineteenth that what might
be termed the first golden age of alkaloid
isolation unfolded.' Within a short time, a
range of alkaloids had been isolated from
various Solanaceae, each named for the
plant from which it was derived: 'solanine'
from Solanum nigrum was the first in
]820, followed by 'atropine' from Atropa
belladonna in ]83], 'hyoscyamine' from
Hyoscyamus niger, and so on.2 Analytical
techniques available at this time did not
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permit determination of their structures, so
that these alkaloids were defined accord
ing to estimated absolute chemical compo
sition and the physical characteristics of
their salts. By the close of the nineteenth
century, however, it was generally recog-

nized that many of the solanaceous alka
loids were, in fact, identical with one or
other of the two major tropane alkaloids,
atropine (= racemic hyoscyamine) and
scopolamine (= hyoscine; Fig. l). These
alkaloids were widely employed in the

18 (-)-scopolamlne (hyoscine)

lb atroscine ((±) -hyoscine)·

28 (-)-hyoscyamine

2b atropine ((±)-hyoscyamlne)

38 tropine, A =H

3b acetyllroplne, A = COCH3

3c butroplne, A =COCH(CH3)2

3d valtropine, A =
COCH(CH 3)CH2CH 3

3e tropine nonanoate, A =
CO(CH 2hCH3

5 noralropine4 norscopolamlne (norhyoscine)

6a poroidine, A =COCH~H(CH3)2
6b Isoporoldine, A =
COCH(CH3)CH2CH3

r"' . "'''n- r"'nYD ro ":~~
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8 apoalropine 9 valeroidine

10 6~-hydroxyhyoscyamine 11 7~-hydroxyhyoscyamlne 12 liltorine

13 ligloidlne 14 ligloyltrop(e)lne

Figure 1. Tropane alkaloids identified in Duboisia myoporoides. *Included for completeness, but not
identified in D. myoporoides.
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second half of the nineteenth century as
sedatives and hypnotics (especially in psy
chiatric patients), for which reason they
were also used as antiparkinsonian agents,
and atropine was also utilized in ophthal
mology for its mydriatic (pupil-dilating)
properties.3

Alkaloid nomenclature was often the
subject of heated and confusing debate,
and a particular instance is relevant to the
present discussion. 'Hyoscine' - first pre
pared by Albert Ladenburg in 18804- and
'scopolamine' - first isolated by Ernst
Schmidt from Scopola species in 18885

and subsequently also from Duboisia
myoporoides leaf procured in the eastern
German city of Gorlitz6 - are synonyms,
but a colourful controversy regarding their
identity raged, especially in Germany,
from their discovery until the early twenti
eth century. Both names continued to be
used for many decades, the choice often
seemingly dependent on the nationality of
the writer,7 and by the mid-1920s, the
name 'hyoscine' had largely been aban
doned except in England and associated
countries.8 For the sake of clarity, I shall
generally employ 'scopolamine' in this
paper, except where 'hyoscine' appears-in
a directly cited text.

Duboisia

Late additions to the Solanaceae family
were identified in the mid-nineteenth
century in a corner of the world then
regarded as both exotic and remote: Aus
tralia. Joseph Bancroft (1836-1894),
medical practitioner and the first of a
family line of medical naturalists,9 had
become intrigued by the properties of
pituri, or 'native tobacco', a drug tradi
tionally employed by Aborigines as a
chewed intoxicant allowing long periods
of work without food or rest, similar to
the chewing of coca in central America.
Pituri was first placed at the disposal of
European investigators by John King
(1841-1872), sole survivor of the unfor-
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tunate Burke and Wills expedition to Aus- .
tralia's interior,lo who supplied material
to W. Johnston in Tasmania and a pow
dered sample to the Rostock-born bota
nist Ferdinand Mueller (1825-1896) in
Melbourne. 11 Bancroft independently
obtained material from the vicinity of
Cooper's Creek (north-eastern South Aus
tralia), and reported his preliminary
investigation of its physiological proper
ties to the Queensland Philosophical
Society in 1872.12 A few years later,
Bancroft serendipitously obtained
samples of the source plant, which
Mueller identified a short time later as the
Central Desert tree Duboisia hopwoodii,
recently (re)named by Mueller himself. 13

An alkaloid isolated from D. hopwoodii,
'piturine', was initially identified by the
French chemist A[rthur-Leon?] Petit with
nicotine,14 but D. hopwoodii was later
found also to contain the more potent
d-nornicotine. 15 More recently it has been
recognized that 'pituri' in most parts of
Australia is not, in fact, derived from
D. hopwoodii, but rather from local Nico
tiana species (also members of the
Solanaceae family).16

In a letter to Bancroft read to the
Queensland Philosophical Society in 1877,
Mueller commented:

Now an interes1ing field opens to
Dr. Bancroft for further research. Let the
Doctor try the foliage of Duboisia myopo
roides, as he could easily, for a little pay
ment, get a blackfellow to administer small
doses of that plant to. There could be no
danger in the experiment if the quantity is
given cautiously. I fancy that the properties
of the Duboisias will prove similar to those
of strarnonium. 17

The recommended species, D. myopo
roides (Figs 2,3), had been first described in
1810 by the distinguished Scottish naturalist
Robert Brown (1773-1858) in his report on
the botany of New Holland (1802-1805),
conducted in conjunction with Flinders'
circumnavigation of the continent. Brown
had collected his sample in the Sydney-
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Hunter region; the species designation
myoporoides derived from its resemblance
to an unrelated east coast plant, Myoporum
acuminatulIl, but Brown did not explain his
christening the genus Duboisia. ls It may
honour the French botanist Fran90is Noel
Alexandre Dubois (1752-1824), consistent
with a comment made in 1893 by the New

FOkEST FLORA, N.S.W.

South Wales botanist Joseph Maiden,19 but
it could also refer to Charles Du Bois
(1656-1740), treasurer of the East India
Company (1702-1737), who had a botani
cal garden at Mitcham in Surrey.20 An alter
native designation, Noteleae Iigustrina
Sieber ex Bentham,21 was never broadly
accepted, and the new species D. myopo-

PLo 252.

A COnKWOOD.

(Duboisia mlloporoidos R.HR.) (A-G)

PITUHl.

(Duboisia Hopwoodii F.v.M.) (H-O)

Figure 2. (A-G) Duboisia myoporoides and (1-/-0) Duboisia !lopwoodii. Source: plate 252 from Maiden,
Fores! Flora o/New SOlall Wales (n. 32); lithograph by E.A. King.



Duboisia myoporoides and Medicine

roides was quickly accepted into standard
plant catalogues.22

A third Duboisia species, D. leich
hardtii, was named in 1867 by MueHer for
the German explorer who first brought
samples from central Australia.23 InitiaHy

L,

~, '
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assigned, with some doubt, to Anlhocercis,
the receipt of a fruiting specimen
prompted its transfer to Duboisia.24 Its
distribution is much more restricted than
that of D. myoporoides, being limited to a
few smaH pockets of dry vine forest in the

f
~"

Figure 3. Duboisia myoporoides, Australian corkwood, duboisia. Source: Pabst, Kiih/er's Medizillal
Pjiallzell (n. 69), nr 26. The illustration depicts a plant in the Royal Herbarium in Berlin, collected by
Robert Brown on New Caledonia.
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Bumett region of south-east Queensland.25

. The leaves of D. leichhardtii are smaller
than those of D. myoporoides, and its
flowers slightly larger. A further Duboisia
species, D. arenitensis, was discovered as
recently as 1995 on the sandstone plateau
of Arnhem Land in northern Australia
(arenite = sandstone),26 but the low alka
loid content of this plant renders it compar
atively uninteresting in the present context.

The genus Duboisia (tribe: Anthocerc
ideae) thus includes only four species, all of
quite restricted distribution; apart from the
occurrence ofD. myoporoides in New Cale
donia, all are indigenous only to Australia.
Other Australian genera in the same tribe, .
such as Anthocercis, Symonanthus and
Crenidium, also include tropane alkaloid
producing species, but none has thus far
proved to be of particular cultural or com
mercial significance.27 Further indigenous
Australian Solanaceae are traditionally
employed as 'bush food', including bush
tomatoes, bush sultanas and other equiva
lents of European or American species.28

Duboisia myoporoides itself is most
common on the subtropical eastern sea
board ofAustralia, principally on the edges
of rainforest areas;29 Mueller described it
as occurring throughout the forest between
the IlIawarra (35°S) and Rockingham's
Bay (I 80 S), as well as in New Caledonia.3o

D. myoporoides was placed by Brown in
the Solanaceae, and then transferred by the
eminent English botanist George Bentham
(1800-1884) to the Scrophulariaceae, the
same family as Digitalis, but its regular
corolla, typically solanaceous flowers and
dark pulpy fruit led to its restoration to the
Solanaceae by Mueller in the 1870s.31 Its
common name 'Australian corkwood'
falsely su-ggests a- relationship with Euro
pean cork trees, but actually refers only to
its soft, corky bark. D. myoporoides was
long regarded by Australian farmers as a
noxious weed, principally because of the
presumed effects of tropane alkaloid intox
ication on cattle and horses (but not

sheep),32 but its robust nature, including its
ability to regenerate quickly after bushfire,
meant that eradication attempts did not
greatly hinder its profusion.

Recorded Aboriginal names for
D. myoporoides include 'onungunabie'
and 'ngmoo',33 Many authors have
remarked that the tree sap was employed
by Aborigines as a stupefacient, and even
more dramatically as a hunting tool: added
to a billabong (waterhole), it was said to
cause eels and fish to float to the surface in
a dazed condition, and also to stun emus
that drank the water, all without poisoning
the flesh of the animal. These references,
however, appear to be ultimately based
upon indirect and somewhat dubious
reports recorded by William Woolls in the
middle of the nineteenth century (see
below).34 On the other hand, the scopol
amine content ofD. myoporoides leaves 
thin, fragile, up to 12 cm long, 3 cm broad,
odourless but bitter to the taste - would
lend itself to such purposes, and employ
ment of D. hopwoodii as a hunting poison
has been widely recorded in central Aus
tralia.35 There is no clear evidence that
Aborigines have ever employed any part of
D. myoporoides (or D. leichhardtii) as food
or for medical purposes, although
D. myoporoides is employed in New Cale
donia as an antidote to the toxin of the
ciguatera fish. 36 Its wood was earlier used
for spearthrowers on Momington Island in
north-west Queensland (specimen col
lected in 1916) and in an unidentified part
ofAustralia (specimen collected 1962).37

It was also the timber that first attracted
European attention. Samples of 'cork
wood' or 'ngmoo' from the IlIawarra were
despatched by William Macarthur as one
of 350 timbers displayed at the 1855 World
Exhibition in Paris (albeit falsely labelled
as Santalum obtusifolium) with the
description: 'A low-branching small tree,
with rough, cork-like bark; the wood very
white, close and soft, but firm; excellent
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for wood-carving, and not without beauty
for inlaying and cabinet-work.'38

Although the colour and character of
the timber were apposite for carving,39 it
was the chemistry of the leaves that would
establish the international fame of
D. myoporoides. The first report by a Euro
pean of its narcotic action was that in 1867
by the Parramatta school teacher and bota
nist William Woolls (1814-1893), based
indirectly upon local (and possibly mis
leading) Aboriginal reports of its being
used in the Kurrajong district as a hunting
poison in waterholes and as part of an
intoxicating drink; he had also encountered
the tree in Parramatta and along Toon
gabbie Creek, and noted that Europeans
regarded its toxicity with consternation.4o

Bancroft did not mention Woolls' report
when, shortly - after receiving the letter
from Mueller cited above, he examined the
effects of D. myoporoides leaf extracts in
his house pets ('thanks to the beneficent
rule ofthis colony [Queensland], where no
law prevents professional men from exper
imenting'). Systemic application revealed
surprising mydriatic (pupil-dilating) quali
ties that distinguished it from D. .hop
woodii, much to Bancroft's surprise: 'Dogs
and cats walk about in a helpless blind
manner, falling over the least irregularity
of surface... If let alone, they go to sleep.
They seem -blind, or nearly so, with a
widely-dilated pupil. Surely this could not
be pituri.'41 Species differences were also
recorded in these home experiments:
D. myoporoides caused dogs, but not cats,
to walk straight ahead until they found
themselves in a corner, where the hound
would 'struggle and cry for a long time and
paw at the wall, but it appeared never to
occur to him to-turn around'.42

Bancroft also examined the direct appli
cation of the extract to the eyes of his
animals and then of humans, and subse
quently dispatched samples to various
ophthalmologists in Australia; and within a
year 'duboisia' had partly supplanted atro-
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pine as the routine mydriatic in Sydney and
Brisbane.43 The experiences of the Sydney
surgeon George Fortescue (St Vincent's
Hospital) with the extract were reported in
Bancroft's 1877 paper before the Queens
land Philosophical Society, but the doctor's
own short report appeared in the Austral
asian Medical Gazette only in 1882, with
the surprising editorial note that this was
the previously unpublished first descrip
tion of the extract's effects.44 Nevertheless,
Fortescue had provided a small quantity of
'duboisia' as early as December 1877 to
the Harley Street ophthalmologist John
Tweedy, who confirmed its mydriatic qual
ities.45 His results, published in the Lancet,
were also reported a month later in the
United States, indicative of the interest that
the drug had quickly aroused.46

In 1878, Bancroft personally conveyed
samples of both pituri and D. myoporoides
to England to be placed at the disposal of
both the physiologist Sidney Ringer47 and
of a number of analytical chemists and
medical botanists; he had already des
patched samples in 1877 to Thomas Fraser,
Professor for Materia Medica in Edin
burgh.48 Edward Morell Holmes
(1843-1940), curator of the Pharma
ceutical Society museum,49 concluded the
presentation on 6 March 1878 of his own
findings with the remark: ' ... there exists a
plant in tolerable abundance from which
an active principle may probably be
obtained more economically than from
belladonna, and which may possess the
same properties as atropine.'5o

Duboisia was soon thereafter employed
as a mydriatic in both America and Europe.
Both the excitement generated by the drug
and the confusion concerning its origins
were recorded by the German author
Moeller in 1883: 'Duboisia was first
employed in the clinic in America and is
currently almost exclusively sold by Amer
ican drug suppliers, so that it seems rea
sonable, despite its origins in New
Holland, to treat it in the category <Ameri-
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can drugs>'. He further noted that its
success in America had elicited the cry,
premature in his opinion, that 'Atropine is
dying, Atropine is Dead! ,51

Duboisine

The first extraction of the active principle
of D. myoporoides was performed at the
behest of Bancroft in 1877 by the Queen
sland government analytical chemist (and
custodian of the Brisbane Museum) Karl
Theodore Staiger (1833-1888),52 who had
also been the first to extract 'piturine'.53
Staiger obtained a yellow, oily extract from
fresh leaf, which, despite six months'
intensive effort, defied all efforts to crys
taJlize the presumed active alkaloid. 54 The
alkaloid 'duboisine' (initially also referred
to as 'duboisia') was then isolated in 1878
from Bancroft's D. myoporoides extract by
the London pharmacist Alfred William
Gerrard, who did not seem aware of
Staiger's efforts. (Nor, indeed, were subse
quent writers on the subject.) The chemical
characteristics of the sticky yellow mass
that Gerrard obtained and those of atropine
were so similar as to suggest the identity of
the two alkaloids; the morphological dif
ferences between Duboisia and the Euro
pean Solanaceae and the greater water
solubility of duboisine, however, were suf
ficient at least to cause him doubt. Gerrard
suggested that the alkaloid remain name
less until the issue was resolved; should it
prove to be a distinct chemical species, he
proposed the name 'duboisine'. He con
cluded: 'I think medical men and pharma
cists- in Australia may congratulate
themselves that they have at their disposal
... a source from whence to obtain by the
simple process I have here given a thera
peutic agent of great value.'55

In the discussion following Gerrard's
presentation of his results to the Pharma
ceutical Society of Great Britain, Bancroft
noted that they were consistent with those
0[. Staiger, and also further described his
FO\Wwanimal experiments. Both he and a

certain Dr Paul, who had examined the
physiological effects of Gerrard's extract,
did not believe that it was identical with
atropine; Paul cautioned, however, that
there was still much 'vagueness' about the
chemical characteristics of atropine itself,
so that it would be premature to decide the
issue. 56 lnterestingly, Gerrard's paper first
attracted published notice in Australia only
in 1882,57 and was often erroneously noted
as appearing in 1874,58 somewhat consis
tent with the disinterest exhibited by Aus
tralian investigators following Bancroft's
initial investigations.

On the same day as Gerrard's presenta
tion, the French chemist A. Petit presented
a report to the Pharmacological Society in
Paris on his isolation of an alkaloid from
D. myoporoides that he similarly named
'duboi"sine', and he was soon supplying it
commercially to European physiologists
and ophthalmologists. 59 In the following
year, Petit also isolated the alkaloid from
pituri that he identified with nicotine. Sub
sequent authors appear to have often con
fused these two reports and equated
'duboisine' with 'piturine' or 'nicotine', a
confusion that persisted until the end of the
nineteenth century, aided by the long
standing assumption that D. myoporoides
and D. hopwoodii would contain similar
alkaloids. Bancroft himself commented in
1882 that it was 'very singular that
D. pituri [Bancroft's proposed name for
D. hopwoodii] and D. myoporoides should
contain alkaloids so dissimilar';6o his
paper to the Queensland Philosophical
Society on 10 October 1878 was entitled
'Further comments on the pituri group of
plants', although it was principally con
cerned with the mydriatic properties of
D. myoporoides and another solanaceous
plant, Anthocercis viscosa (stickytail
plant). Mueller also long assumed that
D. myoporoides and D. hopwoodii would
contain the same alkaloids; indeed, he
wrote that the alkaloid he and Rummel had
isolated from D. myoporoides would prob-
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ably prove to be the same as piturine.61

Mueller had initially dubbed his D. hop
woodii extract 'duboisine', but a year later
modified this opinion in an appended cor
rection to a report published, somewhat
surprisingly, in Austria.62 The English
investigators Ringer and WilIiam MurreH
also expected that D. myoporoides and
D. hopwoodii extracts would exhibit
similar properties, an expectation that
appeared to be partially confirmed,63
although it-was clear that D. myoporoides
exerted the more potent mydriatic effects.

Gerrard finally succeeded in late 1880
in obtaining from D. myoporoides a crys
talline alkaloid as fine, colourless needles
of more limited water solubility than the
amorphous alkaloid, and hoped that the
availability of this purified form might
settle the question of its identity. Accord
ing to many contemporary reviews,64 the
Paris pharmacist H. Duquesnel indepen
dently crystallized duboisine in the same
year, but I have been able to locate only a
short report on his 1881 presentation of
duboisine crystals to the French Academy
of Medicine, in which he indicated his
intention to investigate the alkaloid further
in collaboration with the physiologist
Laborde.65 The ide"ntlty of Gerrard's alka
loid with the active principle of D. myopo
roides was confirmed by its powerful
mydriatic properties, a 1 in 32,000 solution
being sufficient to rapidly dilate the pupil,
but he was unable to decide whether the
alkaloid was atropine.66

As early as February 1879, the medical
student Louis Fauque had published a doc
toral thesis in Paris on his investigations of
the pharmacological properties of
duboisine in animals, conducted in collab
oration with Petit in the prominent Labora
tory for Experimental Pathology of Edme
Vulpian and in the clinic of Galezowski,
indicative of the interest in the new drug.67

Further animal investigations quickly fol
lowed, which confirmed that duboisine
also possessed the other properties of

39

Duboisia extracts: paralysis of the vagus,
stimulation of vasomotor centres at lower
doses but paralysis at higher doses,
slowing of heart rhythm, increased blood
pressure and accelerated respiration, inhi
bition of salivary and sweat secretion as
well as of peristalsis, and paralysis of the
oculomotor nerve (explaining its mydriatic
action) but little effect upon sensory
nerves or striated muscle function. In these
actions it was similar to atropine, but much
more potent,68 Duboisine was also found
to antagonize the actions of muscarine and
pilocarpine, and its own toxicity could be
ameliorated by administration of coffee or
lemon juice.69 In humans, 1 mg of the
substance was reported to elicit 'sleepi
ness, delirium, twitching of the limbs,
visual hallucinations, increase in pulse and
respiration lasting for 10 hours'.70

In the same year as Gerrard's crystal
lization of duboisine, the authoritative
German alkaloid investigator Albert
Ladenburg announced that he had estab
lished the identity of duboisine with hyos
cyamine, then regarded as the major
commercial solanaceous alkaloid.71 Duboi
sine was already being commercially pre
pared at this time by the firms E. Merck
(Darmstadt) and Gehe & Co. (Dresden) for
use as a mydriatic, but also as an injectable
sedative and narcotic for psychiatric
patients. Only later (in 1880) would
Ladenburg discover that commercial
'amorphous hyoscyamine' contained a
second alkaloid that he would dub, confus
ingly, 'hyoscine' (in the false belief that it
was an isomer of hyoscyamine).72 Prevail
ing technological limitations meant that
commercial hyoscyamine and duboisine
were both inevitably mixtures of hyos
cyamine and scopolamine, and probably of
further, unidentified alkaloids, with the rel
ative amounts depending upon the source
plant material and its preparation.
Ladenburg's authority nevertheless sufficed
to establish 'duboisine' as being identical
in a practical sense with 'hyoscyamine',
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despite frequent observations that it was
much more potent. Motivated partly by the
criticism of Erich Harnack,73 Ladenburg
finally re-examined the question in 1887
and found that commercial duboisine
(E. Merck), a yellow-brown syrupy mass,
was in fact principally scopolamine.74 The
Berlin firm Schering folind, in contrast, that
duboisine prepared as described by
Bancroft consisted of nothing but hyo
scyarnine.75 As late as 1897, the Scottish
physician G. Sharp advocated the dropping
of the name 'duboisine' on the basis that
Ladenburg had demonstrated its identity
with hyoscyamine.76 The isolation in 1892
of yet another tropane alkaloid from
D. myoporoides, 'pseudohyoscyamine' (=
norhyoscyamine),77 confused the picture
even further, as it was still widely assumed
at this point that a given medicinal plant
contained a single active principle.

This controversy, one of many regard
ing the identity of alkaloids that enlivened
chemistry at this time, persisted as the
result of conflicting reports· and of confu
sion of the names 'hyoscyamine' and 'hyo
scine'. In the I890s it would be recognized
that hyoscyamine levels increase and sco
polamine levels decrease with age in
solanaceous plants, accounting for some of
the reported discrepancies.78 The early
identification of duboisine with hyo
scyamine was thus partially the result of
the selection of raw materials and prepara
tive processes employed by the firm
E. Merck, highly esteemed for the purity
of its alkaloid preparations. Ironically,
amorphous hyoscyamine and amorphous
duboisine would by the end of the century
supplant the 'purer' (and more expensive)
crystalline forms of each alkaloid in non
ophthalmological applications, as it would
prove that the 'contamination' with scopo
lamine was responsible for most of their
desirable pharmacological properties.
Thorns recorded in his pharmaceutical ref
erence work (1927-1929) that 'amorphous
duboisine' and 'amorphous hyoscyamine'

from Merck both consisted of racemic
scopolamine,79 while the 1925 edition of
Hagers Handbuch noted that D. myopo
roides contained hyoscyamine, scopo
lamine and an unidentified 'coniine-like'
alkaloid. 8o George Barger and colleagues
found in 1937 thatan alkaloid extract they
had prepared from D. myoporoides mate
rial contained no hyoscyamine but was rich
in scopolamine, whereas commercial
'duboisine' (Duboisinum purum clystal
lisatum Merck) was almost pure hyos
cyamine,81 while the British pharmacist
Mitchell was surprised in 1940 to find that
the drug ('not often encountered in phar
macy') was entirely hyoscyamine-free.82

This issue was, in fact, not definitively
resolved until the publication in 1945 of
the findings of the Australians Colin
Barnard (Council for Scientific and Indus
trial research [CSIR]) and Horace· Finne
more (University of Sydney). They
reported that there are geographical and
climatic differences in the alkaloid content
of D. myoporoides trees: scopolamine was
the predominant alkaloid in samples from
ten localities in Queensland and northern
New South Wales, while hyoscyamine pre
dominated in specimens from southern
New South Wales.83 Loftus Hills, Bottom
ley and Mortimer (Division of Plant Indus
try, CSIRO, Canberra) later reported that
scopolamine content declined in favour of
hyoscyamine from northern (warmer) to
southern (cooler) regions of the Australian
east coast,84 while pyridine alkaloid
content (anabasine, nicotine) was greater
than that of tropane alkaloids in D. myopo
roides from the Killarney Plateau (south
ern Queensland)85 and New Caledonia.86

A related problem involved the confu
sion of 'pituri' and 'duboisine', and of
their source plants, which also persisted
for some time,87 the issue being clouded by
the indiscriminate sale of D. myoporoides
and D. hopwoodii leaf in Europe as
'Duboisia,88 and the fact that most Euro
pean workers had never seen the fresh
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source plants. This confusion was not com
pletely eliminated until the early twentieth
century; for example, Merck s Jahres
bericht for 1916 erroneously noted that
Gerrard had isolated 'piturine' from
D. myoporoides (Gerrard had also con
cerned himself with the investigation of
pituri89), while as late as 1911 handbooks
on plant chemistry continued to confuse
D. myoporoides and D. hopwoodii.90 This
necessarily led to confounding of the asso
ciated alkaloids and their pharmacological
effects.

Medical Applications for Duboisine

Duboisine suIfate was listed as early as
1880 in the Prussian Arzneitaxe (= scale of -
charges for medications), and had entered
the Dutch and Spanish pharmacopoeias by
1893.91 Neither duboisine nor Duboisia
preparations (Folia duboisinae myopoir
idis and extractum duboisinae), on the
other hand, were ever listed in German or
British pharmacopoeias (in contrast 'to
atropine suIfate and Folia bel/adonnae,
for example), although they were regularly
discussed in auxiliary publications such
as Martindale s Extra Pharmacopoeia,
Dorvault's L'officine and Arzneimittel,
welche in dem Arzneibuch fir das
Deutsche Reich nicht enthalten sind.92

Ophthalmology

Bancroft, Tweedy and others had quickly
identified the mydriatic properties of
D. myoporoides extracts, and the initial
employment of the new alkaloid was in
ophthalmology. The first of many reported
medical applications of duboisine were
published 'in early 1878 by the Paris'
ophthalmologists Wecker - who had
received his duboisine 'at a very moderate
price' from Petit and suggested that it
should replace atropine in ophthalmology
where idiosyncratic responses to the latter
caused problems93 - and Galezowski,
who presumably received the alkaloid
from the same source.94 Soelberg Wells at

King's College Hospital, London, reported
in 1879 treatment of ciliary muscle spasm
with a duboisine solution provided by the
Sydney physician Fortescue; it was more
effective than atropine, although he had
concerns as to whether it might also induce
glaucoma.95 The first American report of
the employment of duboisine suIfate in
ophthalmology appeared the same year in
the Philadelphia Medical and Surgical
Reporter,96

Duboisine, without irritating the eye or
conjunctiva, was usually reported to elicit
rapid pupil dilation and subsequent
paralysis of accommodation; mydriasis
occurred sooner with duboisine (6-8 min
utes) than with atropine (14-15 minutes),
and the duration of its effect was longer.97

Duboisine was also employed in the treat-
. ment of near-sightedness, keratitis and

spasms of accommodation, as well as for
temporary paralysis ofthe ciliary muscles,98

Duboisine intolerance was not infre
'quently reported.99 An early report was
that of the Oslo doctor Berner. Having
applied a small amount of the suIfate to his
own eye, he experienced four hours of
thoroughly unpleasant motor restlessness
and autonomic inconvenience that ulti
mately ended in sleep. His pupils, however,
remained dilated for six days, and, on the
day after his experiment, 'there was a
disagreeable sweat over the whole body,
with depression, and irritability, and physi
cal and moral prostration' ,lOO

Reports of duboisine intolerance
prompted Tweedy to remark: 'I have long
felt that duboisin [sic), like many other new
remedies, has been, and still is, extrava
gantly abused. It is of immense power and
value, and necessary only in special cases,
for which it should be reserved.'101 Veasey
~imilarly cautioned in 1896 that 'the idio-

, syncratic intolerance of duboisine is not by
any means rare, a fact which should be
borne in mind when handling this powerful
alkaloid',102 But the danger associated with
duboisine as a topical agent was judged
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differently by various physicians, and varia
tions in the potency of prepardtions (the
crystalline version was genemlly regarded
as harbouring the greater risks) and inap
propriate dosages, combined with idiosyn
cratic patient responses, may have underlain
some of the problems experienced. Indeed,
many physicians regarded duboisine as a
safer alternative to atropine. 103

Sedative and Hypnotic

The sedative effects of duboisine in agi
tated delirium had been recognized as
early as 1879.104 Fauque noted with some
surprise in his doctoral dissertation that
one excited patient, who could not be
controlled with either morphine or chloral,
was rapidly sedated by 1 mg duboisine,
and proposed that this effect, stronger than
that elicited by atropine but comparable
with that of the other solanaceous plant
popular in French clinics, Datura stramo
nium, might usefully be employed in
hyperkinetic disorders. 105 Mabille and
Lallemant reported in 1892 that they had
been employing it in France for the past
two years,J06 and Oupuy listed 'alcoholic
delirium' in his 1889 alkaloid handbook as
an indication for its use. 107 The sedative
properties of duboisine achieved greater
attention, however, following the publi
cation in 1890 by Nicolaus Ostermayer of
Budapest of a study comparing the effects
of subcutaneous atropine, scopolamine and
duboisine. He found that the yellow hygro
scopic powder duboisine sulfate was a
rapid and intensive sedative (after 10-15
minutes) and hypnotic (20-30 minutes),
and was safer for treating excited states in
psychiatric patients than the then standard
scopolamine. 108 A number of other Euro
pean authors similarly applied it subcuta
neously,109 although a few also found it to
be effective as an oral medication. llo In
Germany, duboisine was recommended by
Gellhorn in 1891 as a rapid and safe
sedative for psychotic patients, especially
when injected; he noted that duboisine in

tablet form for injection (tablettae hypo
dermicae; a 1 mg) had recently become
available from Or August Oetker of
Bielefeld, renowned for the firm based on
his improved American baking powder.111

The Australian naturalist Joseph Henry
Maiden (1859-1925) commented in 1893
that most exported Duboisia leaf was sold
in Germany. I 12 . Ouboisine was also
employed as a sedative in other countries,
including Switzerland and Russia,113 but
the 1898 edition of the herbal manual
King s American Dispensatory noted that
neither Duboisia nor its alkaloid were
employed internally to any great degree in
the United States. J14 The following entry
in the naturopath physician Ellingwood's
American Materia Medica, Therapeutics
and Pharmacognosy (1919) suggests,
however, that its employment was not
totally unknown:

It has been given in some cases ofmaniacal
excitement, but it must be given in the
enfeebled cases and not when there is full
ness - engorgement of the circulation of
the cerebral organs. It has been used in the
treatment of emotional insanity and delir
ium with excitement... It is also used in
muscular tremblings, paralysis agitans and
epilepsy. 115

The usual dosage, whether oral or sub
cutaneous, was 1/2 to 1 mg per day,
although as much as 2 mg per day was
reported. Accumulation was sometimes a
problem, eliciting symptoms of belladonna
intoxication, so that 'drug holidays' were
instituted at eight-day intervals where
chronic administration was necessary.116
Injection of duboisine elicited dryness of
the throat, pupillary dilation, slight visual
problems, thirst, accelerated pulse and
some muscular paralysis. Stupor lasting
several hours could also be observed; the
patient remained responsive to questioning
but otherwise languid and apathetic.
Higher doses could lead to reduced circu
lation or even coma and death. Reduced
cardiac performance and gastrointestinal
disturbances leading to weight loss could
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develop during longer periods of adminis
tration. Therapeutic and toxic effects of
duboisine were thus essentially similar to
those of atropine and scopolamine. I 17

Paralysis Agitans (Parkinsol1 S Disease)

Duboisine was not a true hypnotic, such as
chloral or morphine, as this effect was not
seen where insomnia was of psychiatric
origin, as in depression or paranoia. But
Emanuel Mendel in Berlin had noted that
muscle relaxation preceded the onset of
sleep induced by duboisine in psychiatric
patients, so that it was his practice to
employ duboisine wherever motor unrest
prevented sleep. He therefore treated
twelve parkinsonian patients with dubois
ine, rarely without success; within fifteen
minutes, tremor was reduced to the extent
that writing was again possible, and this
effect lasted three to five hours. Toxic signs
could appear at doses as low as 0.2 mg, and
included pupil dilation, dryness of the
mouth and increased pulse. Mendel aban
doned the use of scopolamine in parkin
sonism in favour of duboisine because of
the less marked toxic effects and because
of the lower dose required (2-3 doses of
0.2-0.3 mg/day).1I8

Duboisine was also a popular antipar
kinsonian agent in France, 119 but was not
adopted to any great degree outside conti
nental Europe. Perhaps most surprisingly,
it does not appear to have been used in this
capacity in Australia. Duboisine continued
to be mentioned sporadically in German
literature as an antiparkinsonian medica
ment until the I920s, although generally
negatively.12O The name 'duboisine' was
still current as late as 1938, when the
Italian physician Panegrossi surprisingly
listed it beside atropine and hyoscyamine
as one of the alkaloids of the belladonna
root. 121

Other Disorders

Duboisine was also applied with some
success in a number of other nervous dis-
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orders, including Basedow's (= Grave's)
disease, epilepsy and nystagmus, as well as
for the management of night sweats and
morphine addiction. 122 All these applica
tions were consistent with the nineteenth
century approach of treating these disor
ders with atropine and/or scopolamine.

What Was 'Duboisine'?

After duboisine salts became commer
cially available - the alkaloid chemist
Carl Scriba wrote in 1925 that he first
prepared them at Merck (Darmstadt) in
1881 123 - the sulfate was preferred in
medicine to pure duboisine base (the
hydrochloride and hydrobromide were also
available in the 1890s), being more soluble
and easy to crystallize. The clinical activity
of 'duboisine' was generally linked by the
beginning of the twentieth century with its
scopolamine content, especially as the sed
ative and antiparkinsonian value of hyo
scyamine was also recognized by this time
as being attributable to its 'contamination'
with scopolamine. But it was also apparent
that commercial 'duboisine' consisted of
several alkaloids in varying relations; the
Lausanne doctor Rabow, for instance,
noted in 1893 that duboisine was more
dangerous than scopolamine, as at toxic
doses it could elicit convulsions, rarely
seen with scopolamine. 124 Merck
described their duboisine sulfate in 1916
as 'the suIfate of the total ether-soluble
alkaloid content' of the leaf, the 'entire
active content of the plant material ,.125

More specifically, the firm established in
1912 that their duboisine suIfate, which
was more stable than the amorphous alka
loid, consisted of 18-20% scopolamine
and 1-1.5% hyoscyamine, the rest being
composed of unidentified bases. 126

Interest in Duboisia declined with the
recognition that 'duboisine' was not a dis
tinct alkaloid species. New research was
correspondingly scant at the beginning of
the twentieth century. Apart from reviews
by Joseph Maiden,127 the only major publi-
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cations were a 1912 report by the British
chemists Carr and Reyno1ds that the prin
ciple alkaloid in D. myoporoides (obtained
from the Philippines) was hyoscyamine,128
and a series of papers by James Petrie
(University of Sydney) in 1917 on the
chemistry of poisonous Solanaceae. 129

Merck nevertheless continued to manu
facture 'duboisine su1fate' until exhaustion
of the available supply of Australian plant
material in 1916, peaking in 1905-1906
with the processing of 400 kg leaf (with an
alkaloid yield of about 0.8%); extraction
was resumed at a reduced level in 1921 and
continued until the mid-1930s.1 3o But the
Dresden firm Gehe & Co. had already
noted in 1891 that the price of duboisine
was hindering its fortunes:

Although duboisine is certainly still acces
sible, there has been a decline in its employ
ment, which, given its current price,
determined by the expensiveness ofthe raw
material, is hardly surprising, particularly
as in ophthalmological applications it pos
sesses not the slightest advantage over atro
pine sulfate. 131

The same firm noted in their April 1891
report that duboisine was 'a medically
almost forgotten alkaloid', 132 but also
remarked that its sedative properties had
only been recently identified, so that its most
important possibilities were probably not yet
apparent to the firm. Joseph Maiden wrote
in 1893 that the Merck list price for dubois
ine suifate in 1889 (7 s. 6 d. for 15 grain;
packed leaf was exported for between 4 d.
and 1 s. per pound) was 'almost prohibitory'
but not 'excessive, considering the difficul
ties importers have to contend with in
getting supplies of the raw material'; he
further noted that the habit of collectors
chopping down whole trees instead of
pruning them was 'killing the goose with

~h~ ;Bol~en e~gs, and ~1~~h conduct will bring
Its own pumshment. Another Australian

.-+' .... _ .r·. ~

commen~tornotedin 1891:
:1. ,'. ''';'':.~'''-~1' :. .. -f. •.:: ~! Is used 'in ophthiilmic surgery, but not at
~J preserit.' to 'any great extent; this we con
.... clude '. is' the very natural result of

Ladenburg's investigations... It is a rather
more powerful mydriatic than atropine but
is generally considered to be otherwise
inferior... The future of duboisia undoubt
edly depends either on its yielding duboisia
very cheaply (for ophthalmic surgery), or in
more extended trials therapeutically estab
lishing uses not yet suggested for it, but
which its pharmacological peculiarities
give a foundation for. 134

The Merck list price for duboisine sulfate
in Australia by 1912, however, was £5 per
ounce, a considerable drop from the
quoted 1893 leve1. 13S

On the other hand, Niicke (1892) and
Rabow (1893) both noted that duboisine
was much cheaper than scopolamine,136
and the figures listed in the official German
pharmaceutical price list, the PreufJische
Arzneitaxe, also indicate that the price of
duboisine throughout the 1890s was lower
than that of hyoscyamine and scopolamine,
but higher than that ofatropine (1892 price
per 10 mg: 10, 25, 15 and 5 Pf., respec
tively). By 1917, all four alkaloids were
available for similar prices (15, 15, 10 and
10-20 Pf.), but a sharp rise in price in the
course of 1925 rendered duboisine non
competitive (30, 5, 5 and 5 Pf.; prices
according to new Reichsmark), a situation
that persisted until the 1930s, after which
duboisine was no longer manufactured
commercially. The prices listed for the
various alkaloids in the 1896 American
catalogues of Gehe & Co. (Dresden) and
Merck & Co. (New York) similarly indi
cate that duboisine was less expensive at
this point than hyoscyamine, hyoscine and

. scopolamine (all listed separately).137
In contrast to the gloomy attitudes cited

above, the German neurologist Emanuel
Mendel proclaimed in 1893 before the
Berlin Society for Psychiatry and Nervous
Diseases the great value of duboisine for
psychiatric practice: 'Given the short life
that most modern so-called medications
enjoy, allow me to draw attention today to
one which, at least in certain cases, repre
sents an enrichment of our pharma-
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cological annoury.' 138 This difference of
opinion reflects the fact that duboisine was
principally employed in English-speaking
countries at the end of the nineteenth and
the beginning of the twentieth century in
ophthalmology - 'Duboisine suIfate is a
sedative, hypnotic, and mydriatic of varia
ble strength. Its principal use is in ophthal
mology; as a mydriatic it is much more
powerful than atropine, and is applied as
"drops" (0.2 to 0.5 per cent.)'139 
whereas its use in psychiatry was largely
limited to continental Europe. Its price in
England thus needed to be competitive
with that of atropine rather than that of
scopolamine, but the reverse applied in
Germany, where its popularity in sanatoria
and similar institutions prolonged its com
mercial success. But even here, only very
small amounts were required. Further,
although hyoscyamine and scopolamine
are mydriatic to a similar degree, the stim
ulant effects of the first oppose the depres
sant effects of the latter, so that it might be
preferable in some situations to employ a
defined alkaloid rather than the mixture
'duboisine'to achieve a reliable and con
sistent sedative effect.

The status of the D. myoporoides
'industry' immediately before the Second
World War was concisely addressed by
Arthur Penfold (1890-1980), economic
chemist and curator of. the Sydney
Museum of Applied Arts and Sciences,140
at the end of his 1936 presidential address
to the Royal Society of New South Wales:

There have been numerous enquiries for
supplies of Duboisia myopo/Vides from
Europe, but an extensive business has not
developed, although there is a considerable
demand for natural sources of atropine
alkaloids. There does not appear to be any
difficulty in supplying the required leaves,
but complaints have been received concern
ing the variable content of hyoscyamine.
The chemistry of the leaves of Duboisia
myoporoides was worked out by Dr Petrie.
There is certainly need for a critical investi
gation of the alkaloidal content of leaves of
Duboisia myopo/Vides, particularly con-
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cerning the age of the leaves, climatic, soil,
and other conditions operating, whereby the
alkaloid varies both in content and chemical
composition from time to time. The investi
gation is warranted, as there is a demand for
approximately 100 tons of leaves per
annum. 141

'Duboisine drops' continued to be
.employed in ophthalmology as late as the
1950s, but increasingly rarely. 142 The offi
cial end for 'duboisine sulfate' was
perhaps heralded by its being omitted from
the 27th edition of Martindale Extra
Pharmacopoeia in 1967. The French finn
Ciba Vision Ophthalmics, however, still
marketed a hyoscyamine preparation as
'Sulfate de Duboisine Martinet' between
1993 and 2000. 143 'Duboisia' and 'dubois
ine suIfate ' are still employed today by
homeopathic physicians for the treatment
of various ocular problems, and specifi
cally in cases where vision is impaired by a
red spot. l44

Duboisia in the Second World War

The recognition that 'duboisine' was actu
ally a mixture of alkaloids available from
other sources might have proved the end of
the medical importance of the genus
Duboisia, but events took an unexpected
turn. Scopolamine had been introduced by
Steinbiichel in Gennany at the turn of the
century as an agent for easing the pain of
childbirth, inducing the so-called 'twilight
sleep' .145 This fonn of anaesthesia,
whereby the pain of childbirth was neither
experienced nor remembered despite full
consciousness, was then introduced into
general surgery, usually in combination
with morphine. Scopolamine was also
regarded as the most effective treatment for
the tremor characteristic of the parkinso
nian syndrome that developed as a sinister
long-tenn after-effect of encephalitis
lethargica, an epidemic that killed and inca
pacitated many young people between
1916 and 1930. The scope for the employ
ment of scopolamine had thus increased
significantly since 1900, and its role was
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even more crucial during the Second World
War: large quantities were required as a
sedative (including its use in pre-surgical
anaesthesia and for the management of
shell shock), as well as for the control of
sea-sickness, a major issue in both the
Pacific and Atlantic theatres. The problem
for the Allied nations was that most scopo
lamine was still produced in Germany.

Shortly after the outbreak of war, the
CS]R initiated arrangements for the intro
duction to Australia of medicinal drug
plants regarded as important by the Aus
tralian Medical Equipment Control Com
mittee (M ECC), including hyoscyamus
and belladonna. 146 ]n a brief note in the
Australasian Journal of Pharmacy in
November ]939, Horace Finnemore sug
gested that D. myoporoides might also be
explored as a local alternative to bella
donna for tropane alkaloids; he had exam
ined its properties over many years, and
was presently exploring suitable galenic
preparations of the plant. 147 The CSIR

. therefore contacted Finnemore in June
1940 with the request that he conduct the
pharmaceutical assays and analyses in a
drug plant project to be overseen by Colin
Barnard; corresponding biological tests
were to be the responsibility of Professor
Roy Douglas Wright of the University of
Melbourne, while collaboration with State
Departments of Agriculture and Forestry
was also sought. 148 By 22 August 1940
Finnemore could deliver a report in which
he noted that D. myoporoides could 'eas
ily' supply all the scopolamine required
domestically, but also urged that leaf
exports be strictly controlled, as Arthur
Penfold had told him that ten tons had
already been exported to England; 149 an
embargo on leaf exports was in place by
mid-1942. 15o Within twelve months of
Finnemore's report, the CSIR concluded
that a 'method for the extraction of the
hyoscine has been developed by Mr H.
Finriemore of the University of Sydney'
and that, in contrast to other medicinal

plants, no supply problems were fore
seeable;151 Finnemore himself saw 'no
great difficulty in cultivating ... all our
requirements of these drugs'. 152

Finnemore, however, was heftily criti
cized in internal correspondence by the
Chief of the Division of Plant Industry,
Bertram T. Dickson (1886-1982) for his
sharing his results with only one of several
interested drug firms - Drug Houses of
Australia (DHA) - 'especially when the
information is based on investigations
financed by the Commonwealth Govern
ment through the Medical ,Equipment
Control Committee.'153 As early as Septem
ber ]940, Finnemore had supplied 50 kg of
Grafton leaf to the Sydney firm EIliott Bros,
part of DHA, for 'experimental large scale
extraction' .154 While Dickson noted that
DHA was profiting from the research
Finnemore had conducted under the aegis
of the CSIR, in that DHA had exported all
scopolamine produced since March ]941,
Finnemore had refused to assist, for
example, F. H. Faulding with their extrac
tion of Duboisia material. 155 In April] 943,
Barnard wrote to Sir David Rivett (Chief
Executive Officer, CSIR) that:

Relations with Mr Finnemore have ... never
been satisfactory. Considerable friction
occurred between him and ourselves
(Or Dickson and myself) over the way the
Duboisia work was handled. The handling
of the morphine investigations has been
equally unsatisfactory & unsatisfactory is a
mild term for what J think of it. It is how
ever a long story & certain action was taken
to remedy the position.1 56

Significantly, an internal CSIR report from
1943 notcd that 'close contact [had] been
maintained with [interested] commercial
firms', particularly Cox, Findlayson & Co.
and Burroughs Wellcome; DHA was not
mentioned, although contact with Finne
more continued. 157

Duboisia research in the private sector
had ccrtainly also been stimulated by the
wartime emergcncy. Early one morning in
October 1940, the Chairman of the MECC,
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Sir Alan Newton, placed a telephone call to
Wilfred Russell Grimwade (1879-1955).
Grimwade was a partner in Felton,
Grimwade & Duerdins Pty Ltd (since 1929
part of DHA), a small company by inter
national standards but one of the leading
Australian chemical firms; it would later
become DHA (Victoria). 158 The Chairman
informed Grimwade that Australia
required 11 oz scopolamine (about 312 g)
per year, and that stocks were dangerously
low (in a memorandum to the CSIR, the
MECC estimated that Australia annual1y
imported 40 oz at a cost of £800, and
200 oz atropine for £600).159 Tt could still
be procured in America at this point but, at
a cost of about £25 per ounce, it would
have represented a high demand on Aus
tralia's dol1ar reserves. Grimwade, still
wrapped in the towel he had donned as he
stepped from the shower, replied quickly
that the Government should save its
money; remembering Bancroft's paper on
D. myoporoides from sixty years earlier, he
announced confidently that his laboratory
could manufacture scopolamine from
Duboisia with little problem. 16o

Grimwade noted later that this was a
rather brave promise, partly motivated by
the fact that he wished to avoid dripping
more water onto his wife's best carpet; he
was not even certain that Duboisia leaf
actual1y contained scopolamine, let alone
how it might be efficiently extracted.
Scopolamine had been produced on a
modest scale in Australia before the war,
but even this was from imported bella
donna. 161 Grimwade's previous attempts to
grow bel1adonna on his Westerfteld prop
erty near Frankston (Victoria) were frus
trated by low alkaloid yields and the high
labour investment required. His chief
chemist, E. I. Rosenblum, wrote that they
thus 'somewhat anxiously ... accepted the
challenge' .162 Nevertheless, within seven
weeks 70z (about 200 g). of British
Pharmacopoeia standard scopolamine had
been extracted on the laboratory benches
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of Grimwade and Rosenblum (presumably
facilitated by Finnemore's advice, although
this is not mentioned in Grimwade's
account) from about 50 kg leaf supplied by
Finnemore, as noted above. Further work
was facilitated by the fact that the Ameri
can consul had heard of Grimwade's initial
success; the Americans recognized the
need for stockpiling larger quantities for
the coming Pacific War and were willing to
pay well for a steady supply. This led to the
establishment of the first plant in Australia
for industrial scopolamine extraction,
which by the end of 1941 was producing
11/2 kg of alkaloid per week. 163

On I December 1941, the British Min
istry of Supply wrote to Australia House in
London that it had received a telegram
from the Washington office of the British
Purchasing Commission that 'Australia is
now producing hyoscine under control of
Medical Equipment Control Committee,
Melbourne and can supply 500 ounces
[-14.2 kg] to UK up to June '43 without
difficulty ... Owing to shortage of supplies
in this country' the Ministry wished to
confirm that this was the case and that the
quoted price of £AU 12 7 s. 6 d. per ounce
was also correct. Australia House con
firmed the information on 16 December,
noting that the 500 oz to be delivered in
instalments by June 1943, half of which
was to be forwarded to London and half to
Washington, represented the total capacity
of Australia's producers. The drug was
duly despatched in 25 or 50 oz lots during
the agreed period, with only one package
ever being lost - due to a direct bomb hit
on a British post office. l64 It was initially
noted with consternation in Britain that the
delivered substance exhibited a higher
melting point and optical rotation than
recorded in the British Pharmacopoeia, a
fact that Rosenblum attributed to the com
pany's success in producing scopolamine
of 'reagent quality' .165

Demand for scopolamine continued to
rise during the course of the War, and
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Australia became the sole supplier to the
Allied forces, as noted in an application in
August 1944 to the Defence Committee by
the MECC for priority status for the erec
tion and equipment of a new factory by
Grimwade's firm: 'Atropin [sic] and Hyos
cine ... are absolutely essential in Medical
Practice and there is a world shortage. As
they can be extracted from a locally grown
tree, Australia has now become the general
source of supply for the Allied Nations' .166
Huge quantities were employed, for
instance, for the preparation of the troops
participating in D-Day, prompting the Aus
tralian historian Geoffrey Blainey to write
in 1977: 'Here, in 1944, was the greatest
armada in the history of man, setting out
towards a turning point in history; and
much of the success of that armada
depended on a drug which had been dis
covered by forgotten men and women in
ancient Australia.'167 Those involved in
transport of the alkaloid soon recognized
that increased shipments were indicative of
pending major amphibious operations by
the Allies. 168 As a curiosity, it might also
be mentioned that 'Hyoscine' was the
American naval codeword for Adelaide
(South Australia) during the War. I 69

The 7000 oz (-200 kg) of scopolamine
produced from Duboisia during the War
reputedly exceeded all previous production
of the alkaloid. 17D Peak annual production
was achieved in 1946 (-205 kg), after
DHA had opened a new and safer (due to
efficient ventilation) plant in 1945, despite
the reservations of the Defence Commit
tee. J71 By 1954, over five tons of various
alkaloids had been produced, equivalent to
8,000 million average doses; the increased
supply resulted in a decline in price from

.£25 to £4 per ounce. m

HyoscyaminelA tropine

Commercial extraction of hyoscyamine for
conversion to atropine proved more diffi
cult, but also commenced in 1942, prima-

rily from D. leichhardtii leaf. An
anonymous reviewer noted at this point:

'One of the most striking examples oflocal
enterprise is the extraction ofatropine from
the native duboisias, following exhaustive
experiments by research workers. Adequate
amounts of atropine will soon be available.
Small quantities of belladonna have also
been grown in Victoria.'173

It had been recognized as early as 1895
that the alkaloid content of D. leichhardtii
was higher than that of D. myoporoides,174
and that this increased yield consisted
mostly of scopolamine, with little contam
ination by pyridine species. It was, how
ever, not systematically studied; Petrie
published a review in 1917,175 after which
it was again neglected until the Second
World War, at which time the CSIR found
that available samples were predominantly
hyoscyamine-containing. I 76 Variation in
D. leichhardtii alkaloid levels was not as
apparent as for D. myoporoides, although
both hyoscyamine-dominant and scopo
lamine-dominant stands have since been
identified. 177

Commercial Duboisia Plantations

Until 1944, leaf collected from wild
growing trees had been employed for sco
polamine preparation. Boy Scouts,
amongst others, were initially deployed to
harvest the leaf, before local farmers real
ized the value of the once-hated tree and
the number of willing collectors grew. The
harvest was relatively simple: branches
were cut from the trees and air-dried
together with the leaves, which were then
removed for processing; the branches were
later mechanically chopped and the leaf
separated from the woodchip for artificial
drying. The trees regenerated sufficiently
to allow repeated harvest twelve months
later.

By 1944, however, demand for the drug
had become too great to be satisfied by
these means, having grown from 15,000
pounds (6.8 tonne) in 1942 to 93,000
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pounds (42.2 tonne) in 1944 (and to
189,000 pounds [85.7 tonne] in 1948).178
There was even some fear that D. myopo
roides and, more seriously, D. leichhardtii,
might be exploited to the point of extinc
tion. Research by the Division of Plant
Industry of the CSIRlCSIRO between
1940 and 1954 improved yield and extrac
tion, one of the major initial breakthroughs
being the discovery that Duboisia could be
more efficiently grown from cuttings than
from seed, although this was true only to a
limited extent for D. leichhardtii. It was
also recognized that natural hybrids of the
two species were present in areas where
both D. myoporoides and D. leichhardtii
occurred, some of which offered advan
tages over the individual species. This
stimulated directed research into the pro
duction of new crosses, with the - ulti
mately fulfilled - hope that alkaloid
production might be increased by these
means. I ?9 In contrast, attempts to cultivate
belladonna, henbane and Datura species,
also pursued with some vigour and some
success by the CSIR and MECC,180 met
with disappointing results, with viral and
insect attack representing problems not
affecting the native Duboisia to the same
degree. 181 Nevertheless, Duboisia farming
was fraught with natural difficulties, and
was 'not to be recommended as a crop for
amateurs or the average farmer, but rather
for the skilled horticulturalist.' 182

Grim'w~de also oversaw the introduc
tion ofcommercial farming of both species
in south-east Queensland and northern
New South Wales, both by natural means
and selective breeding; an experimental
farm was also established in Victoria, but
growth was slower than further north, and
plants were also eaten with apparent impu
nity by local deer. Grimwade, by now
official botanical adviser to the Australian
Army (with the rank of Major-General),
was also involved in a number of other
successful wartime projects that advanced
his vision of local drug-growing and
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essential oil industries, including the
extraction of an olive oil ersatz from
apricot kernels and the introduction to
Australia of the straw method of opium
extraction from poppies, whereby the time
consuming slicing of the plant is spared.
This latter success ultimately led (despite
an interruption to cultivation following the
Second World War) to Australia now sup
plying more than half of the world's legal
opiates. Other medicinal (digitalis, ephe
drine, ergot, quinine) and fruit plants were
also explored in Australia by the CSIR
during the War as the emergency forced
the country to look to its own resources. 183

After the Second World War

The success of wartime forays into applied
medical botany led to the establishment of
the 1945 Australian Phytochemical Survey,
which aimed to identify further native
plants that might be useful in a medical or
industrial context. 184 Duboisia in particu
lar was seen by some as the flagship of
research into the pharmacological qualities
of indigenous Australian plants: 'we know
relatively nothing about the possibility of
finding sources of some of these drugs
from our indigenous plants. Only recently
has Duboisia myoporoides become note
worthy as a source of hyoscine and hyos
cyamine and this can serve as a good
example of the possibility.' 185 Grimwade
and Rosenblum were 'confident' that the
industry that had developed under wartime
conditions would continue to flourish in
the post-war period,186 and there was some
expectation that 'Duboisia might rank
again as a strategic raw material' after it
was found that 'atropine was the best anti
dote for some of the new nerve gases being
developed for chemical warfare.'18?

But government support for the phyto
chemical industry was at best lukewarm
after the wartime emergency had passed.
As early as May 1943, the improved world
situation allowed a reassessment of
Department of Primary Industries (DPI)
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priorities, whereby the focus of interest
was now defined as plants 'bearing phar
macological and insecticidal' substances.
At this stage, interest in Duboisia research
was still buoyed by hopes that crops stand
ardized with respect to alkaloid content
might allow Australia to 'become the
source of world supply'; Kevin Loftus
Hills had commenced work with this aim
for the CSIR, overseeing experimental
plots in Nambour and Canberra. 188

In September 1945, however, Colin
Barnard wrote to R. D. Wright that post
war medicinal plant research would be
greatly curtailed as a result of reduced
funding for the DP1, prompting Wright to
despatch a bitter letter to the Prime Minis
ter, Ben Chifley. After enumerating the
wartime achievements of the CSIR and
others in medicinal plant research, Wright
concluded:

) have regarded your Government as at least
offering a hope for the development oftech
nological strength of the country ,.. the
present sort of performance, however, is
one which, even though not calculated,
could not have been better designed to add
to the emigration of scientists from Aus
tralia. It is surely time we called halt in this
direction. 1H9

Many within the CSIR were outraged
by this direct action, but Wright's fears for
the future of the industry proved all too
justified, particularly folIowing the elec
tion of the conservative Menzies govern
ment in 1949. As the result of lobbying by
growers' groups, the Duboisia leaf export
embargo, which had previously assured
control of market volume and price of the
raw product and which DHA saw as 'pre
requisite to the profitability oflocal extrac
tion efforts, was lifted_ in 1954.190 Even
before this point, an English procurist for
the chemical, oils and drug company
Biddle, Sawyer & Co., Herbert Berens,
was surprised to find that Duboisia leaf
sales were rather 'haphazard':

Firms that required the leaves bought them
only when they wanted them. No arrange-

ments had ever been made with the collec
tors to furnish supplies regularly,
consequently interest in the collection of
leaves was waning. 19

\

Berens made 'satisfactory arrange
ments' to purchase whatever was available
from a Ford automobile dealer (!) who had
recently established his own plantation of
D. leichhardtii, the species now attracting
most commercial attention, but this lack of
organization did not bode well for the
future of the industry.

By 1945, the DHA plant had been
extracting twelve commercial substances
from Duboisia, including chlorophyll, then
fashionable as a deodorant,192 but the new
circumstances also led to the rapid closure
of what was by this time the world's most
advanced alkaloid purification plant, and
extraction moved to countries with lower
labour costs - ironically, Germany and
Japan. DHA ceased major involvement in
alkaloid extraction, and CSIRO research
- which had at various stages entailed co
operation with the NSW and Queensland
Departments of Forestry, the Queensland
Department of Agriculture and Stock, and
the Departments of Pharmacy at the Uni
versity of Sydney and Physiology at the
University of Melbourne - was gradually
curtailed, although important research into
the alkaloid constitution and variability of
Duboisia species and hybrids continued to
be published by Peter Inkster Mortimer,
Warwick Bottomley and Kevin Loftus
Hills until the late 1950s.1 93 Research into
the biochemistry of alkaloid production in
Duboisia continued to be pursued in Aus
tralia during the immediate post-war
period; Edward Trautner's group at the
University of Melbourne found, for exam
ple, that alkaloid synthesis occurs princi
pally in the roots, from whence the
compounds are transported to the aerial
parts of the plant, in a fashion similar to
that since described in European
Solanaceae. 194 It was also found that con
trolled environmental conditions could be
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employed to regulate the relative amounts
of hyoscyamine and scopolamine. 195 In a
letter to the CSIR Chairman at the end of
1954, Loftus Hills admitted to 'feeling
rather bitter' that he could no longer
pursue various research directions he had
been exploring, with the only consolation
being that Ray F. Dawson (Columbia Uni~

versity, New York), one of the leading
authorities on alkaloids, had actually asked
whether Loftus Hills would object, under
the circumstances, if 'a botanical team at
Columbia working with the Brookhaven
National Laboratory should take over the
biogenesis work on Duboisia at the stage
where Bottomley, Mortimer and [Loftus
Hills] had to leave it in 1952'. Loftus Hills
had recognized 'the unique opportunity
presented by the Duboisia species - of
solving some of the most perplexing prob~

lems of alkaloid biogenesis', and regretted
that he had had no choice but to give the
American researchers his blessing.196

The general manager of Burroughs
Wellcome & Co. (Aust.) wrote to Waiter
Ives of the CSIRO on 4 August 1959 that
his firm had been supplying leaf to the
English parent company for extraction at
Dartford, but now planned to extract the
alkaloid itself and was also aiming to 'put
the cultivation and collection of leaf on a
less empirical basis'; the firm was thus
seeking CSIRO assistance, as Burroughs
Wellcome had 'come up against problems,
both botanical and ecological', that were
beyond its capacity. Burroughs Wellcome's
interest in alkaloid extraction from Duboi
sia and the establishment of a plant for
these purposes in Rosebery (Sydney) was
to form part of its investigation of native
species in the framework of a 'Natural
Products Research Group'. But Ives
replied on 7 August 1959: 'As far as
Duboisia is concerned we pretty well
wound up our interest in this seven years
ago. We did a lot of work on it during the
war and a few years afterwards.' 197
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Grimwade expressed his regrets for lost
opportunities in a 1954 paper that he had
previously submitted to the Minister for
External Affairs, Richard Casey, in the
(disappointed) hope that he might reverse
his decision to lift the leaf export embargo:

The bulk of the world's atropine is being
manufactured abroad from Australian
leaves by pharmaceutical manufacturers
who enjoy much cheaper labour conditions
than those prevailing in Australia. A mod
ern and efficient extracting and refining
plant which during the war and the period
of the embargo was working around the
clock, to-day stands idle ... not less than
12 alkaloids and their salts are now manu
factured in Australia. This technical success
has now become an economic impossibility
owing to lack of governmental support.
Australia has few, if any, articles of com
merce that have originated from its natural
resources and it is unfortunate that lack of
official recognition of the circumstances is
causing her to lose world dominance in the
supply of irreplaceable pharmaceuticals
that could have been easily within her
grasp. 198

Grimwade was subsequently attacked
by an English importer for defending

-nothing more than the profits of DHA; he
retorted, somewhat disingenuously, that

_there would have been no interest in
Duboisia in the first place without the
efforts of his firm. 199

Colin Barnard still believed in 1952 that
-the Duboisias 'have prospects for replac-
- ing, at least greatly supplementing, Atropa
and Hyoscyamus as sources of hyoscine
and hyoscyamine.'20o But a survey of
European countries during 1952 by and on
behalf of DHA found that there existed
only limited possibilities for Australian
exports of scopolamine and atropine to
these markets,20J especially as Germany
itself had exported product to the value of
3,666,000 DM in 1951.202 Another major
problem for the Duboisia industry at this
time was that the development of synthetic
antiparkinsonian compounds in the imme
diate post-war years, part of an explosion
in new agents emerging from the
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chemical-pharmaceutical industry at this
point, caused a shift from scopolamine to
these newer pharmaceuticals as antispas
modic and antiparkinsonian agents.203

Halothane anaesthesia was also replacing
scopolamine in the operating theatre, while
employment of Duboisia-derived eye
drops was now largely limited to Australia
and Great Britain.

As previously. in the Duboisia story, a
renewal of interest was prompted by devel
opments external to Australia. With its
introduction in 1951 of N-butylscopola
mine ('Buscopan'i04 as an antispasmodic
agent to replace previously employed but
not unproblematic Datura extracts, the
German firm Boehringer Ingelheim
required a reliable supply of rdW scopol
amine. This interest led to a revival of
Duboisia research in Australia, as this
supply could not be guaranteed by the
Duboisia stocks then available: genetic
variability, low germination and striking
rates, and variability in alkaloid content
related to locational factors needed to be
addressed if a viable Duboisia industry
was to again emerge. It should be
remarked that these efforts by Boehringer

. to improve the alkaloid content in a previ
ously wild medicinal tree represented a
rather bold strategy in light of the fact that
some authorities regarded the dominant
role ofenvironmental factors as precluding
long-term success with attempts to
improve secondary phytometabolite yield
genetically, especially as it remains unclear
what role tropane alkaloids play in the
plant,205 Grimwade, on the other hand, had
believed that 'cultivation is superior to
natural sources as a source of any drug' ,206
although early attempts at selective breed
ing suggested that environmental factors
determined alkaloid yield to a greater
extent than genetic character.

Partly in collaboration with the Queen
sland Department of Primary Industries
and the University of Queensland (Depart
ment of Parasitology), Boehringer invested

greatly from the early 1960s in research
into issues of germination, cultivation,
alkaloid isolation, cloning and phyto
pathology. This research led to a number of
vital innovations, including improved
genetic stock based on already available
hybrids and novel varieties drawn from
natural populations, with improved resis
tance to climatic conditions and insect
attack, as well as optimized patterns and
levels of alkaloid production. Commenc
ing with about twenty promising plant
parents, more than 12,000 crosses pro
duced by conventional horticultural means
had been investigated by the year 2000, of
which twenty were ultimately selected for
commercial propagation. Experimentation
with seed pre-treatment and vegetative
propagation produced major improve
ments in these areas, as did later investiga
tions of tissue culture propagation
techniques.207

Improved growing conditions (vegeta
tive propagation, more intensive cropping
with consequently higher yields, weed and
pest control, fertilizer use) and mecha
nized harvesting (since the mid-1970s)
also contributed to significant increases in
scopolamine yield with concurrent reduc
tion of production costs. Mechanized har
vesters with filtered, air-conditioned cabins
for the operators, for example, allow rapid
harvest of the raw material during peak
alkaloid production instead of protracted
collection throughout the summer, and
also reduced exposure of workers to dan
gerous air-borne alkaloids. Even casual
exposure to Duboisia dust can cause
mydriasis, accommodation problems and
conjunctivitis ('cork eye'), but chronic
occupational exposure can also elicit
neurological effects, including lethargy,
euphoria and retrograde amnesia.208 As a
result of this investment and research, Aus
tralia remains the world's leading supplier
of raw material for scopolamine and atro
pine extraction.209
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Research into the biochemistry, phar
macology and propagation of Duboisia
species and hybrids was also conducted
independently of Boehringer. William
('Bill') J. Griffin was particularly inter
ested in the investigation of Duboisia
species after he joined the School of Phar
macy at the University of Queensland in
1963; he was a recognized authority in
pharmacognosy, a subfield of pharmacy
dealing with substances of natural origins,
especially plants. Together with John Fred
Coulsen, he published a pair of important
papers in 1967-1968 in which they
reported that D. myoporoides leaf and stem
contained no less than thirteen different
alkaloids (including four novel identifi
cations), and that its root produced eight
alkaloids (one new identification).2IO
Griffin also identified an annual cycle in
alkaloid content, with scopolamine levels
declining from January to June, a decline
that could be ameliorated by treatment
with a cytokinin-containing seaweed
spray.211 Investigations in other countries
similarly examined the variation in leaf
alkaloid content according to develop
mental stage and location on the stem,212
and a diurnal rhythm has also been
reported.213 Griffin continued to conduct
research into enhanced Duboisia cultiva
tion and alkaloid analysis into the early
1990s, fostering several doctoral theses
concerning Duboisia, and published a
comprehensive overview of the chemo
taxonomy of tropane alkaloids in 2000.214

Duboisia research has also been
pursued outside Australia. Considerable
investigation of Duboisia propagation and
alkaloid analysis has been conducted in
Japan (especially at Nagasaki Univer
sity),215 where Duboisia species have been
cultivated since the early I960s.216 Of the
196 papers published on Duboisia since
1975 (as listed in the SciFinder database),
106 were published by Japanese groups, 47
of them in Japanese journals. Similarly,
significant research has been undertaken in
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India, a major importer of Australian
Duboisia leaf and where D. myoporoides
has been cultivated under the aegis of the
Central Institute of Medicinal and Aro
matic Plants (at Lucknow and Bangalore)
since 1980,217 as well as in Pakistan
(around Karachi, since the mid- I980s),218
although these countries have not yet pro
duced commercial crops.219 There is, how
ever, some indication of a decline in
interest in Duboisia research since the
mid- I980s as judged by the frequency of
published papers (Fig. 4).

Research has also revealed that far from
including the single alkaloid assumed by
the first investigators of D. myoporoides,
the plant produces at least twenty tropane
alkaloids and six non-tropane alkaloids
(Figs I, 5; Appendix I). In perhaps the
only published study of the alkaloid
content of the D. myoporoides fruit, the
surprising discovery was made that the
pyridine alkaloid nornicotine dominated
during growth, while the major alkaloids
of the mature fruit were tetramethyl
putrescine and scopolamine.22o Not all
alkaloid species depicted in Figs I and 4
are found in all geographical stands of
D. myoporoides, the chemical constitution
varying greatly according to location, both
in Australia (as discussed above) and else
where.22l Interest in the non-alkaloid com
ponents of D. myoporoides has been in
comparison quite restricted, although the
use of ursolic acid, first isolated from
D. myoporoides in 1947, for pest control
and as a chemoprotective agent has
recently been discussed.222

But none of these 'other' alkaloids or
the aliphatic components have achieved
the cultural, scientific or commercial sig
nificance of atropine and scopolamine 
with perhaps one small exception.

Excursus: Tigloidine

As mentioned above, scopolamine had
long been regarded as useful in the man
agement of parkinsonian tremor, and atro-
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pine-based and belladonna-based therapies
had dominated antiparkinsonian therapy
since the nineteenth century. Synthetic
anticholinergic agents had largely dis
placed the older. phytotherapeutic
approaches in the course of the 1950s, but
it remained clear that the ideal antiparkin
sonian agent was yet to be identified.223

Tigloidine was first isolated from
D. myoporoides by Barger and colleagues in
1937 as a 'thin colourless syrup'. It is an
analogue of atropine, with the tropate
moiety replaced by tiglate and tropine by its
3-epimer pseudotropine (in which the
3-substituent is exo rather than endo).224
Tigloidine· hydrobromide ('Tiglyssin';
T. & H. Smith, Edinburgh) was reported in
widely spaced Australian papers to achieve
improvements in a small number of parkin
sonian, Huntington's disease and spastic
paraplegic patients; as predicted by preclin
ical studies, it reproduced all the desired
effects of atropine, but without its side
effects.225 Edward Trautner, a German-born
physiologist-biochemist at the University of
Melbourne involved in Duboisia research

since the end of the War, and colleagues
(including the psychiatrists Charles Noack
and Samuel Gershon) noted the similarities
in the structures of atropine analogues and
of tigloidine, but remarked that most of the
pharmacological effects of atropine ana
logues appeared to require the esterification
of the basic portion of the molecule with an
arylalkanoic acid, a feature lacking in tiglo
idine. Delayed recovery (the phenomenon
whereby atropine and similar drugs induce
rapid fatigue in repeatedly stimulated mus
cle), on the other hand, required an unsatu
rated carboxylic acid attached to the tropine
moiety: tigloidine thus produced the effects
on muscle that were believed to underlie the
benefits of atropine in Parkinson's disease,
while lacking its undesirable central vegeta
tive effects. The investigators were also
impressed by the fact that only involuntary
motor activity was affected by the agent;
even at higher doses, voluntary movements
were not impaired. Some patients experi
enced euphoria during treatment with the
drug, but there did not appear to be a direct
association of this effect with its motor
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benefits. This unique phannacological
profile was naturally ofgreat interest, but its
excessive cost prohibited extensive use;
only 0.5% of the alkaloid content of
D. myoporoides consists of tigloidine, and
even Trautner and Noack conceded that the
continuation of clinical trials was thereby
precluded.226 .

Current Situation for the Duboisia
Industry

Australian plantations of Duboisia species
and hybrids remain the major world
sources of scopolamine and atropine
(-70% of world supply). Since 1980, all
exported Duboisia leaf has been derived
from cultivated plants. Plantations of D.
myoporoides and D. leichhardtii and of
hybrids of the two species (which have the
dual advantages of higher tropane and neg
ligible pyridine alkaloid levels) produce
leaf with an alkaloid content of up to 5-7%
by dry weight, of which about half is
scopolamirie.m The principle producers
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are IOD-ISO growers in the Kingaroy area
of south-east Queensland, 40% of whose
plantations are associated with Boehringer,
maintaining a steady and reliable supply of
leaf. The Australian' Boehringer Ingelheim
Plantations' cover 1100 hectare and
produce up to 1000 tonne leaf annually;228
according to the Department of Primary
Industries, the mean density of 1250 trees
per hectare produces between 500 kg in a
dry year and 1250 kg leaf in a good
season.229 Although precise total produc
tion figures are difficult to locate because
the industry is small, competitive and
somewhat secretive, Australian Bureau of
Statistics data indicate that both leaf
exports and their dollar value have been
fairly constant for the past decade (for year
ended 30 June 2002: 994,678 kg;
$6,604,439).230 Boehringer Ingelheim also
maintains Duboisia crops at Solana Farm,
near Arapongas, Parami in Brazil, covering
1300 hectares and producing 600 tonne
leaf annually.231
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Efforts to optimize Duboisia alkaloid
synthesis continue unabated and take full
advantage of modern plant biotechnology,
including plant tissue culture, cell culture
and molecular biological techniques, fos
tering hopes of further advances in tropane
alkaloid production. Callus cultures and
regenerated shoots have-proved to be poor
alkaloid sources, but may be useful for the
selection of chemically interesting Duboi
sia hybrids. The possibility of producing
tropane alkaloids in differentiated root cul
tures, particularly Agrobacterium-geneti
cally transformed hairy root, on the other
hand, has been the subject of intense
research since the mid-1980s,232 although
the commercial viability of this approach
remains to be established; a trial conducted
in Spain by Boehringer Ingelheim sug
gested that regeneration of shoots from
such cultures offered no advantage over
conventional farming of D. myopo
roides-D. leichhardtii hybrids. 233

Contrary to comments in a recent (2001)
handbook that 'there is as yet no scopo
lamine produced on a commercial scale in
Australia',234 two Australian companies are
currently active in local alkaloid extraction,
namely Alkaloids of Australia (Kingaroy),
a small family-owned company founded in
1986 by the Crumpton family and the
industrial chemist Greg Bowling,m and, to
a lesser extent, Phytex Australia (Sydney;
founded in 1982 by Reg Smith), the focus
of which is the preparation of drug special
ties rather than mass production. The major
extractors, however, remain Boehringer
Ingelheim in Germany and Boehringcr
Nippon in Japan, and the value-added final
products are prepared overseas. For exam
ple: the gross value of the Duboisia crop
(1991-1992) was about $US2 million; the
value of extracted alkaloids, however, was
estimated at this time to be $US5-15 mil
lion, and that of the final product to be
$US 100-] 50 million.236 In addition, bio
technology patents relevant to Duboisia are
held by Boehringer, increasing the danger

of plant material being cultivated outside
Australia, resulting in the total loss of
control of an essentially native industry.

The reasons for the failure of Australian
interests to control the industry are many,
but foremost were certainly the lack of co
operation between producers regarding
research, development and marketing, and
Commonwealth Government indifference
to the industry after the Second World War.
There was, for instance, a clear lack of
initiative with regard to potential joint ven
tures of local interests with Boehringer (or
other overseas firms) in the exploitation of
Duboisia. On the other hand, the relative
lack of an Australian popular tradition in
plant-based medicine, particularly with
regard to local products - when compared,
for example, with Europe, where phytomed
icine is not only accepted as a major compo
nent of both self-treatment and physician
prescribed therapy, but often explicitly sup
ported by national healthcare systems - as
well as the limited tradition in the commer
cial exploitation of plant natural products
(apart from timber) represented daunting
barriers to developments in this direction.
The loss of control can ultimately be justi
fied in terms of its being compensated by
the achievement of a stable market for
Duboisia leaf. Further, it cannot be over
looked that the power of Boehringer in the·
international market for formulated prod
ucts has been a great advantage with respect
to both research and marketing, particularly
with respect to an industry for which the
growth potential was inherently limited. The
combination of commercial farming and
research and development activities fos
tered by Boehringer Ingelheim has provided
the continuity necessary for commercializa
tion of plantation crops: eight to tcn years
may elapse, for instance, between identifi
cation of a promising new hybrid clone and
the first significant harvest. The possibility
that Boehringer might have located an alter
native scopolamine source - for example,
Datura innoxia in South America237 - also
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militated against the development of an
autonomous local industry.238

Duboisia is one of the few Australian
native non-timber plants to have been com
mercially exploited to any significant
degree. Nevertheless, the export of raw
materials and the import of the processed,
value-added product is a scenario all too
familiar in Australia. As Grimwade noted
in 1954, 'technical successes are delicate
plants; no matter how good the gardener,
they cannot thrive in an atmosphere of
official indifference and neglect.'

Acknowledgments

The author wishes to acknowledge the
assistance of Rob Birtles (CSIRO
Archives, Dickson, ACT, Australia), who
provided invaluable advice regarding rele
vant files in the CSIRO Archives, as well as·
Chris Joyce (Alkaloids of Australia Pty
Ltd) and Reg Smith (Phytex Pty Ltd), who
provided information on the current state
of the Duboisia industry. 1 would also like
to thank Maaike Mintjes for her careful
reading of the manuscript.

References

I. For the history of alkaloid chemistry:
Manfred Hesse, Alkaloids: Nature sCurse or 
Blessing? (Ziirich, 2002); S. Hosztafi, 'The
Discovery of Alkaloids', Pharmazie, 52
(1997), 546-550; James Riddick Partington,
A HistDlY of Chemistry, Volume 4 (London,
1970), pp. 240-246 (good reference list).

2. Mein isolated atropine in 1831, but reported
this only in 1833: Mein, 'Ober die Darstel
lung des Atropins in weissen Krystallen',
Annalen der Chemie, 6 (1833), 67-72; see
also P.L. Geiger and Hesse, 'Darstellung des
Atropins',Annalen der Pharmacie, 5 (1833),
43-81, and P.L. Geiger, 'Ober einige neue
giftige organische Alkalien', Annalen der
Chemie, 7 (1833), 269-280.

3. Reviewed in detail in Paul B. Foley, Beans,
Roots & Leaves: A HistDlY of the Chemical
Therapy of Parkinsonism (Marburg, 2003),
pp. 42-73.

4. A. Ladenburg, 'Ober das Hyoscin', Berichte
der Deutschen Chemischen Gesellschajt 13
(1880), 1549-1554.

57

5. Ernst Schmidt and Hermann Henschke,
'Ober die Alkaloide der Wurzel von Scopolia
japonica', Archiv der Pharmacie, 226
(1888), 185-203.

6. Ernst Schmidt, 'Ober Scopolamin (Hyoscin),
Erste Mitteilung', Archiv der Pharmacie, 230
(1892),207-231.

7. See Louis Merck, 'The Present State of the
Hyoscine-Scopolamine Question', Joumal
of the Society of Chemical industry, 16
(1897),515-516.

8. The United States Pharmacopoeia adopted
'scopolamine' as official in 1916.

·9. Alan Cribb, Joan Cribb and John Pearn,
'Pituri, Plants and Physic', in The Bancrojt
Tradition, ed. John Pearn and Lawrie Powell
(Brisbane, 1991), pp. 61-74; Edward Ford,
'The Life and lnfluence of Joseph Bancroft,
M.D.', MedicalJoumal ofAustralia, I (1961),
153-170.

10. Alan Morehead, in Australian DictionQlY of
Biography, Vol. 5, pp. 28-29.

11. W. Johnston, 'Nardoo seed, and "Pitchery", a
narcotic plant brought by King, the explorer,
from the interior ofAustralia, where it is used
by the natives to produce intoxication', Pro
ceedings ofthe Royal Society ofTasmania, 7
(1863), I; T. Harvey Johnston and J. Burton
Cleland, 'The History of the Aboriginal Nar
cotic, Pituri', Oceania, 4 (1933/34),
201-223,268-289.

12. Joseph Bancroft, 'The Pituri Poison' (Bris
bane, 1872), reprinted in Joseph Bancroft,
Pituri and Duboisia (Brisbane, 1877),
pp. 7-10.

13. ln 1861, Mueller had named the plant, also
collected on the Burke and Wills expedition,
Anthocercis hopwoodii; Ferdinand von
Mueller, Fragmenta Phytographiae Australiae
Vol. JJ (Melbourne, 1861), p.138 and Vol. X
(Melbourne, 1876177), p. 20; Ferdinand von
Mueller, 'Pituri' (letter), Australian Medical
Journal, 12 (1877), 60-61. Mueller's experi
ences with pituri were reported in The Times,
London, 7 June 1877, p. 6.

14. A. Petit, 'Sur l'Alcaloide du Pituri', Joumal
de pharmacie et de chimie, 29 (1879),
338-341. Petit received his samples directly
from Bancroft.

15. C.S. Hicks and H. Le Messurier, 'Preliminary
Observations on the Chemistry and Pharma
cology of the Alkaloids of Duboisia hop
woodii', Australian Journal of Experimental
Biology and Medical Science, 13 (1935),
175-188; Ernst Spiith, Cedric Stanton Hicks
and Emil Zajic, 'Ober d-Nor-nicotin, ein
Alkaloid von Duboisia Hopwoodii F. v.



58 Historical Records of Australian Science, Volume 17 Number I

Muel!.', Chemische Berichte, 68 (1935),
188-193. For further on pituri: Anonymous,
'Pituri', Lancet, ii (1878), 891-892;
J.H. Maiden, 'Some Reputed Medicinal
Plants of New South Wales (indigenous spe
cies only)', Proceedings ofthe Linnean Soci
ery of New Solllh Wales, Series 11, 3 (1888),
355-393; George Aiston, 'The Aboriginal
Narcotic Pitcheri', Oceania, 7 (1937),
372-377; E.M. Watson, 'The Investigation of
Some Western Australian Plants of Possible
Medicinal Value', Australasian Joumal of
Pharmacy, 27 (\ 946),616-618.

16. Johnston and Cleland, 'The History of the
Aboriginal Narcotic, Pituri' (n. 11); Nicolas
Peterson, 'Aboriginal Uses of Australian
Solanaceae', in The Biology and Taxonomy of
the Solanaceae, ed.John Gregory Hawkes,
Richard N. Lester and A.D. Skelding (Lon
don, 1979), pp. 171-188; Cliff Goddard and
Arpad Kalotas, eds, Punu: Yankunytjarjara
Plam Use; Traditional Methods ofPreparing
Foods, Medicines, Utensils and Weapons
from Native Plants (Alice Springs, 1995),
pp. 96-99.

17. Bancroft, Pituri and Duboisia (n. 12).
18. Robert Brown, Prodromus Florae Novae

Hol/andiae et Insulae Van-Diemen (London,
1810), p. 448.

19. lH. Maiden, 'Useful Australian Plants. No. 4
- The Corkwood or Duboisia', Agricu//llral
Gazelle, 4 (1893), 845-850. Maiden errone
ously recorded the first name ofAbbe Dubois
as'Louis'.

20. T.D. Macfarlane, L. Watson, and
N.G. Marchant, eds, Western Australian
Genera and Families of Flowering Plams.
Western Australian Herbarium, Version:
August 2002. Available at http://florabase.
calm.wa.gov.aulbrowselflora?f=315&level=g
&id=1355 (accessed 11 March 2005);
Bureau of Flora and Fauna, Canberra, Flora
ofAustralia: Volume 29 (Solanaceae) (Can
berra, 1981), p. 17.

2 I. Franz Wilhehn Sieber, Flora Novae Hal/and
iae Exsiccata, 259, as noted in Alphonse de
Candolle, ProdrOnlllS Systematis Natllralis
Regni Vegetabilis, sive /:./llImeratio Contracta
Ordinulll, Generunl, Specierunlqlle
Planlarunl ..., Pars Decima (Paris, 1846),
191. Noteleae ligllstrina Vent. (native olive)
is an unrelated Australian plant.

22. Including Istvim Uszl6 (Stephan) Endlicher,
Genera Plamarlllll Secllndum Ordines Natll-"

" ,.-, .rales Disposita (Vienna, 1836-1840), p. 676;
·Tit; Candolle, Prodromus Systematis Natllralis
.1 (n.21).

23. Mueller, Fragmenta Phytographiae Austra
liae, Vol. VI (Melbourne, 1867), p. 142.

24. George Bentham, Flora Australiensis:
A Description of the Plants ofthe Australian
TerritolJI, Vol. 4 (London, 1869),
pp. 480-481; editorial note to Joseph
Bancroft, 'Duboisia Pituri' (letter), SOli/hem
Science Record, 2 (1882), 221-222;
Ferdinand von Mueller, Systematic Census of
Australian Plants (Melbourne, 1882), p. 97.

25. Col in Barnard, 'The Duboisias of Australia',
Economic Botany, 6 (1952), 3-17; Bureau of
Flora and Fauna, Canberra, Flora ofAustralia
(n. 20), pp. 17-21,31.

26. L.A. Craven, 8.J. Lepschi and L.A.R. Haegi,
'A New Australian Species of Duboisia R.Br.
(Solanaceae)" Journal of the Adelaide
Botanic Gardens,' 16 (1995), 27. A further
putative species, Duboisia campbellii
Morrison 1906, is now officially designated
Eremophila saligna; see Bureau of Flora and
Fauna, Canberra, Flora ofAustralia (n. 20),
p. 21. Duboisia reymondi Karsten (now
Pleurothal/is reymondii) was an unrelated
Venezuelan orchid named for the German
physiologist Emil du Bois Reymond
(1818-1896): Hermann Karsten, 'Die Duboi
sia Reymondt, AI/gemeine Gartenzeillmg, 15
(1847), 394-395.

27. William 1 Griffin and G. David Lin, 'Chemo
taxonomy and Geographical Distribution of
Tropane Alkaloids', Phytochemislly, 53
(2000),623-637.

28. Jennifer Isaacs, Bush Food: Aboriginal Food
and Herbal Medicine (Sydney, 1987),
pp. 66-68.

29. Flora ofAustralia (n. 20).
30. Mueller, Fragmenla PhylOgraphiae Austra

liae (n. 23) p. 144.
3 I. Bentham, Flora Australiensis (n. 24),

pp. 471-474. For discussion of its classifica
tion, see E.M. Holmes, 'Duboisia myopo
roides, R.Br.', Pharmaceutical Journal and
1/"Q/lsaclions, Series Ill, 8 (1878), 705-706,
720; de Lanessan, 'Des Caracteres Botani
ques du Duboisia myoporoiaes', Joul"l1al de
pharmacie et de chimie, Series IV, 27 (1878),
487-489. The Scrophulariceae were referred
to at this time as Scrophulw'ineae, the Solan
aceae as Solaneae.

32. Joseph Henry Maiden, The Forest Flora of
New South Wales, Volume 7 (Sydney, 1922),
pp. 295-302; Evelyn Hurst, Poison Plants of
New South Wales (Sydney, 1942),
pp. 359-361 and references therein.

33. Maiden, 'Some Reputed Medicinal Plants of
New South Wales' (n. 15).



Duboisia myoporoides and Medicine

34. See, for example: Barnard, 'Duboisias of
Australia' (n: 25); Peterson, 'Aboriginal Uses
ofAustralian Solanaceae' (n. 16).

35. H. Kempe, 'Plants Indigenous to the Neigh
bourhood of Hermannsburg, on the River
Finke, in Central Australia', Proceedings of
the Royal Society of SOll/h Australia, 5
(1881/82), 19-23; Johnston and Cleland,
'The History of the Aboriginal Narcotic,
Pituri' (n. 11) (who noted that D. myopo
roides was employed as a fish poison in one
locality, but otherwise little used); L,J. Webb,
'The Use of Plant Medicines and Poisons by
Australian Aborigines', Mankind, 7 (1969),
137-146.

36. E. Dufva, G. Loison and B. Holmstedt,
'Duboisia myoporoides: Native Antidote
against Ciguatera Poisoning', Toxicon, 14
(1976), 55-64.

37. R.P. Robins, 'Wood Identification of Spear
throwers in the Queensland Ethnographic
Collection: An Evaluation', Occasional
Papers in Anthropology (Anthropology
Museum, University of Queensland), 10
(1980), 5~2 (lthank Or Johan Kamminga
for supplying me with this information).

38. Paris Exhibition Commissioners, Catalogue
ofthe Nall/ral and Industrial Products ofNew
SOl/lh Wales exhibited in the Australian
Museum by the Paris Exhibition Commis
sioners. Sydney, November 1854 (Sydney,
1854), p. 24; consulted in the WilIiam
Macarthur Papers, Vol. XLIV, Mitchell
Library, State Library of NSW, A2940.

39. Maiden, 'Useful Australian Plants' (n. 19).
40. WilIiam Woolls, A Contribution to the Flora

of Australia (Sydney, 1867), pp. 6, 93,
178-179; see, however, Barnard, 'Duboisias
of Australia' (n. 25). On Woolls, see Austra
lian DictionOlJ' of Biography, Vol. 6,
pp. 437-438.

41. Bancroft, Pill/ri and Duboisia (n. 12).
42. Bancroft, in discussion in A.W. Gerrard, 'The

Alkaloid and Active Principle of Duboisia
myoporoides', Pharmacell/ical Joumal and
Transactions, Series Ill, 8 (1878), 787-789,
797-798.

43. Holmes, 'Duboisia myoporoides, R.Br.'
(n.31).

44. George Fortescue, 'Physiological Effects of
Duboisia on the Eye', Australasian Medical
Gazelle, I (1882), 105.

45. John Tweedy and Sidney Ringer, 'On the
Mydriatic Properties of Duboisia myopo
roides', Lancet, i (1878), 304-306.

46. Anonymous, 'On the Mydriatic Properties of
Duboisia myoporoides, with an Account of

59

its General Physiological Action (Review of
Tweedy and Ringer, 1878)', American Jour
nal of the Medical Sciences, 75 (1878),
526-527.

47. Benjamin Moore, 'In memory of Sidney
Ringer (1835-1910)', Biochemical Joumal,
5 (1910-1911), i-xix.

48. Joseph Bancroft, 'Further Remarks on the
Pituri Group of Plants', Transactions of the
Queenslalld Philosophical Society, 3 (1878),
10-11; T.R. Fraser, 'The Pituri Poison of
Australia', Proceedings of the Royal Society
ofEdinburgh, 10 (1879),200-202.

49. Anonymous, 'Edward Morell Holmes
1843-1930', Pharmaceutical Joumal and
Pharmacist, Series IV, 71 (1930),284-286.

50. Holmes, 'Duboisia myoporoides, R.Br.'
(n.31).

51. J. Moeller, 'Amerikanische Drogen. 16. Folia
Duboisiae myoporoidis', Pharmaceutische
Cemralha//e, 24 (1883), 227-234.

52. See Norman Hall, Botanists ofthe Eucalypts
(Melbourne, 1978), p.122.

53. Bancroft, DI/boisia and Pituri (n. 12).
54. Bancroft, 'Further Remarks on the Pituri

Group of Plants' (n. 48); Bancroft,
'''Duboisia Pituri'" (n. 24).

55. Gerrard, 'The Alkaloid and Active Principle
of Duboisia myoporoides' (n. 42); similar
sentiments expressed in: Anonymous,
'Duboisia myoporoides', Lancet, i (1878),
593.

56. Discussion in Gerrard, 'The Alkaloid and
Active Principle of Duboisia myoporoides'
(n.42).

57. Anonymous, 'Duboisia Alkaloid and its
Physiological Action', Australian Medical
Gazelle, I (1882), 128.

58. For example, Anonymous (Finselbach?),
'The Utilization ofNative Products. I. Duboi
sine and its Use in the Colonies', Pharma
ceutical JOl/mal of AI/stralasia, 4 (1891),
121, which also employs the variant (?) spell
ings 'hyoxyamine' and 'hyoxine'.

59. [A. Petit] (abstract without title), Joumal de
pharmacie et de chimie, 27 (1878), 383;
[A. Gubler], 'Quelques Proprietes Thera
peutiques de la Duboisine', JOl/mal de
Therapeutique, 5 (1878), 351-352; Holmes
in discussion in Gerrard, 'The Alkaloid and
Active Principle of Duboisia myoporoides'
(n. 42). Holmes, present at Gerrard's presen
tation, had received notification from Petit on
the morning of 3 April. For more detail of
method, see Petit in L, von Wecker, 'Ober den
vergleichenden Gebrauch des Eserins, Atro
pins und Duboisins', Monatsbliiller flir die



60 Historical Records of Austmlian Science, Volume 17 Number I

Augellheillamde, 12 (1878), 216-230; F.C.E.
van Emden, 'Bereiding van Sulphas Dubois
ini', Nieuw Tijdschrijt voor de Pharmacie ill

der Nederlallde, 12 (1879), 33-37.
60. Bancroft, '''Duboisia Pituri'" (n. 24).
6 I. F. von Mueller and L. Rummel, 'Note on Two

New Vegeto-alkaloids', Joul"llal oJthe Chem
ical Society, 35 (1879),31-32.

62. F. von Mueller and L. Rummel, 'Ober Duboi
sin und Duboisinsiiure', Zeitschrijt der a//ge
meillell osterreichischell Apotheker- Vereilles,
18 (1880), 20-21.

63. See, for example, S. Ringer and W. Murrell,
'On Pituri', JO~l"IIal oJPhysiology, 1 (1878),
377-383.

64. For example, B.V. Dupuy, Alcaloiaes: His
toire, Proprietes Chimiques et Physiques,
Extraction, Action Physiologique, EfJets
Therapeutiques, Toxicologie Observations,
usages en medecine, etc. (Paris, 1889),
p. 573; E. Mendel, 'Ober Duboisin', Neurol
ogisches Celltralblatt, 12 (1893), 89-93.

65. Duquesnel, 'Dubolsine', Joul"llal de Pharma
cie et de Chimie, 3 (188 1),39. Duboisine was
not mentioned in his subsequent report on the
purification of hyoscyamine: H. Duquesnel,
'Crystalline Hyoscyamine', Pharmaceutical
Journal and Transactions, Series 1II, 12
(1882),766.

66. A.w. Gerrard, 'Crystallized Duboisine',
Pharmaceutical Journal and Transactions,
Series 1II, 11 (1880),383.

67. Louis Fauque, De la Duboisine (These de
Paris, 1879).

68. Sidney Ringer and WilIiam Murrell, 'Physio
logical Action of Duboisia myoporoides',
Pharmacelltical Journal alld Transactions,
Series Ill, 8 (1878), 788; Sidney Ringer, 'On
the Relative Action of Duboisia and Atropia',
Practitioner, 24 (1879), 247-249;
S.D. Risley, 'On the Relative Value of the
Sulphates of Atropia and of Duboisia in
Ophthalmic Praxis', American Joumal oJthe
Medical Sciellces, 79 (1880), 410-422; dis
cussion in Gerrard, 'The Alkaloid and Active
Principle of Duboisia myoporoides' (n. 42);
WiIliam F. Norris, 'Duboisia as a Mydriatic,
with Remarks on its Physiological and Toxic
Effects', American Journal oJ the Medical
Sciellces, 77 (1879), 446-454; George A.
Gibson, 'The Action of Duboisia on the Cir
culation', Journal oJ Anatomy alld Physio
logy, 17 (1881),10-26; further references in
E. Merck, 'Nicht offizinelle Alka10ide (Fort
setzung)', Mercks Jahresbericht, 30 (1916),
1-176 (duboisine: 3-13).

69. G. Pabst, Kohler's Medizillal-Pjiallzell ill

Ilaturgetreuell Abbildullgen mit kurz
erlulItel"lldem Texte. Ill. (Ergullzullgs- )Band
(Gera-Untermhaus, 1896), nr 26.

70. Studies cited by Anonymous, 'Duboisia and its
Therapeutic Effects' Practitioller, 25 (1880),
294-295; Mendel, 'Ober Duboisin' (n. 64);
Merck, 'Nicht offizinelle Alkaloide' (n. 68).

71. A. Ladenburg, 'Note on Duboisine',
Pharmaceutical Joul"llal and Transactions,
Series Ill, 10 (1880), 789-790; A. Laden
burg, 'Ober das Duboisin', Berichte der
Deutschen Chemischen Gese//schaft, 13
(1880), 257-258; A. Ladenburg 'Die Alka
loide aus Belladonna, Datura, Hyoscyamus
und Duboisia', Berichte der Delltschen
Chemischen Gese//schaft, 13 (1880),
909-911.

72. Ladenburg, 'Ober das Hyoscin' (n. 4).
73. E. Harnack, 'Duboisin', Chemiker-Zeitullg,

11 (1887), 52.
74. A. Ladenburg and F. Petersen, 'Ober das

Duboisin', Berichte der Deutschell Chemi
schen Gese//schaft, 20 (1887),1661.

75. Anonymous, 'Duboisine; Scopolia atro
poides; Crystallised Hyoscine', Pharma
ceutical Journal alld Transactions, Series Ill,
20 (1890),709.

76. G. Sharp, 'Our Present Knowledge of the
Mydriatic Group', Pharmaceutical Journal
alld Trallsactions, Series IV, 5 (1897),
160-162.

77. E. Merck, 'Ober das Pseudohyoscyamin, ein
neues Alkaloid aus Duboisia myoporoides',
Archiv der Pharmacie, 231 (1893), 117-123.

78. See S. Rabow, 'Ober Duboisinum sulfuri
cum', Therapelltische MOllatshefte, 7 (1893),
4 I 0-4 15; Rabow credited Carl Julius Bender
with the discovery of this phenomenon (cf.
Carl Julius Bender, 'Ober den Alkaloidgehalt
von Duboisia myoporoides und die Darstel
lung des Duboisins', Pharmaceutische
Centralha//e, 26 [1885], 38-39). See also
J. Lauterer, 'Chemical and Physiological
Notes on Native and Acclimatised Mydriatic
Plants of Queensland', Australasian Medical
Gazette, 14 (1895), 457-460.

79. Hermann Thoms, ed., Halldbuch der prakti
schell ulld wissenschaftlichen Pharlllazie. VI.
Arzlleimittel (Berlin, 1927-1929), p. 1956.

80. Georg Frerichs, Georg Arends and Heinrich
Zornig, eds, Hagers Handbuch der pharma
zeutischen Praxis fUr Apotheker, inte.
Drogistell ulld Medizinalbeamte, Vol. I
(Berlin, 1925), pp. 1188-1189.

81. G. Barger, W.F. Martin and W. Mitchell, 'The
Minor Alkaloids of Duboisia myoporoides',



Duboisia myoporoides and Medicine

Journal of the Chemical Society (1937),
1820-1823.

82. W. Mitchell, 'Some New Solanaceous Alka
loids from Duboisia myoporoides', Australa
sian Joumal of Pharmacy, 21 (1940),
307-308.

83. C. Batnard and H. Finnemore, 'Drug Plant
Investigations. I. Progress Report', Journal
of the Council for Scientific and Industrial
Research, 18 (1945), 277-285; Barnard,
'Duboisias of Australia' (n. 25).

84. K. Loftus Hills, W Bottomley and
P.!. Mortimer, 'Variation in the Main Alka
loids of Duboisia myoporoides and Duboisia
leichhardtii. 11. Duboisia myoporoides', Aus
tralian Journal ofApplied Science,S (1954),
258-275.

85. P.!. Mortimer, 'A Note on Duboisia myopo
roides from the Acacia Plateau, near Killar
ney, Queensland', Australian Journal of
Science, 20 (1957), 87-88.

86. K. Loftus Hills, W. Bottomley and P.I. Morti
mer, 'Occurrence of Nicotine Together with
Hyoscine in Duboisia myoporoides R Br.',
Nature 171 (1953), 435; see also Jacques
Barrau, 'Le Duboisia myoporoides R. Br.,
Planle M~dkinale de la Nouvelle Cal~donie'.

Journal d' agriculture tropicale et de botani
que appliquee 4 (1957), 453-457; Louis Cos
son, Jean-Charles Vaillant and Etiennette
Dequeant, 'Les Alcaloides Tropaniques des
Feuilles du Duboisia myoporoides Neocale
donien', Phytochemistry, 15 (1976),
818-820.

87. WA. Dixon, 'On the Chemistry ofAustralian
Plants', Journal of the Royal Society ofNew
South Wales, 17 (1883), 191-208; Moeller,
'Amerikanische Drogen' (n. 51).

88. See, for example, comment in Rabow, 'Ober
Duboisinum sulfuricum' (n. 78).

89. A.W Gerrard, 'Preliminary Examination of
Pituri or Pitchere', Pharmaceutical Journal
and Transactions, Series 111, 9 (1878),
251-252.

90. C. Wehmer, DiePjlanzenstojJe, botanisch
systematisch bearbeitet (Jena, 1911), p. 695.
The medical botanist Duke still listed 'pituri'
and 'corkwood' as synonyms for D. myopo
roides in his 2002 handbook: James A. Duke,
Handbook of Medicinal Herbs, 2nd edition
(Boca Raton, 2002), p. 223. Equally confus
ingly, Peter Latz lists D. myoporoides as the
former designation of D. hopwoodii in Bush
fires and Bushtucker: Aboriginal Plant Use in
Central Australia (Alice Springs, 1995),
p.163.

61

91. Rabow, 'Ober Duboisinum sulfuricum' (n.
78); Pabst, Koh!er's Medizillal-Pjlanzen 1Jl
(n.69).

92. Dorvault, L'officine, ou Repertoire de Phar
macie Pratique (Paris, 1886), pp. 436-437;
Deutsche Apotheker-Verein, Arzneimittel,
welche in dem Arzneibuch fiir das Deutsche
Reich nicht enthaltell sind (Berlin, 1897),
p.84.

93. Wecker, 'Ober den vergleichenden
Gebrauch' (n. 59).

·94. Galezowski, 'Action Mydriatique de la
Duboisine comparee a celle de I'Atropine;
Accidents Inherents aI'Emploi de I'un et de
I'autre de ces deux Agents', La Lancettefran
~aise,gazette des h6pitaux civils et militaires,
51 (1878), 1082-1083.

95. Soelberg Wells, 'Spasm ofthe Ciliary Muscle
Treated by Duboisin', Lallcet, i (1879),
223-225.

96. Cited in: Merck, 'Nicht offizinelle Alkaloide'
(n.68).

97. Wecker, 'Ober den verglekhenden
Gebrauch' (n. 59); H. Romiee, 'Atropine,
Duboisine, Gelsemine', Annales de la Societe
mMicale-chirurgicale de Liege, 18 (1879),
258-262; H.M. Jones, 'The Use of Dubois
ine, Gelsemine, Eserine etc., in Ophthalmic
Practice', British Medical Journal, 2 (1879),
362-364; Hermann Schiifer, 'Comparative
Investigations into the Effects upon the Eye
of Atropine, Duboisine, and Homatropine',
Archives of Ophthalmology, 10 (1881),
196-213. For further early reports, see refer
ences in W. Martindale and WW. Westcott,
The Extra Pharmacopreia (London, 1901).

98. [Boucheron], 'Nearsightedness' (abstract),
Science, 14 (1889), 147; Dupuy, Alcaloi'des
(n. 64), pp. 576-577.

99. Nettleship, 'Cases of Toxic Symptoms from
the Use ofDuboisin Drops', Lancet, i (1879),
352-353; Jones, 'The Use of Duboisine'
(n.97).

100. [Berner], 'Poisoning by Duboisin' (abstract
of paper in Nordinskt Medicinskt Arkiv,
[1880], 12), American Journal ofthe Medical
Sciences, 81 (1881), 586.

101. John Tweedy, 'Toxic Symptoms from the Use
of Duboisin Drops' (letter), Lancet, i (1879),
441.

102. Veasey, 'Duboisine Intolerance' (abstract of
article in Revue de 7Mrapeutique, 63, 379),
Pharmaceutical Journal, 27 (1897), 215.

103. For example, Jones, 'The Use of Duboisine'
(n.97).

104. Mueller and Rummel, 'Note on Two New
Vegeto-alkaloids' (n. 61); Ringer and



62 Historical Records of Australian Science, Volume 17 Number I

Murrell, 'Physiological Action of DlIboisia
myoporoides' (n. 68).

105. Fauque, De la DlIboisille (n. 67), p. 67.
106. [Mabille and Lallemant] (abstract of article

in Le Progres medicale), Therapeutische
MOllatshefle, 6 (1892), 549.

107. Dupuy, Alcalordes (n. 64), p. 577.
108. Nicolaus Ostermayer, 'Ober die sedative und

hypnotische Wirkung des Atropin und Dubo
isin', AlIgemeille Zeitschri/t fiir Psychiatrie
lll/d psychisch-gerichtlichell Medizill, 47
(1890), 287-307.

109. M. Lewald, 'Ober die Anwendung von
Duboisinum sulfuricum bei Geisteskranken',
Neurologisches Celltralblatt, 10 (1891),
585-589; E. Belmondo, 'SuII' Azione Seda
tiva ed Ipnotica della Duboisina nelle Malat
tia Mentali', Rivista di Frelliatria e Medicilla
Legale, 18 (1892), 154-156; Gubler, 'Sur
I'Action Therapeutique et Physiologique du
Duboisia et de la Duboisine', BlIlletill de
therapeUlique, 94 (1892), 426-427; Vladimir
Preininger, 'Duboisinum als Sedativum und
Hypnoticum bei Geisteskranken',AlIgemeille
Zeitschri/t fiir Psychiatrie ulld psychisch
gerichtlichell Medizill, 47 (1892), 134-145;
Georges Grandferry, De la DlIboisille: SOil
Action Physiologique, SOil Emploi ell Neu
ropathologie et en Psychiatrie (These de
Paris, 1894) and references therein;
L.w. Weber, 'Die Behandlung der psychi
schen Erregungszustlinde', Therapeutische
MOllatshefle, 22 (1906), 57-62.

110. P. Nlicke, 'Duboisinum sulfuricum bei
geisteskranken Frauen', AIIgemeille
Zeitschri/t fUr Psychiatrie ulld psycllisch
gerichtlichell Medizill, 47 (1892), 566-579.
Sce also references in P. Squire and R.P.W.
Squire, Compallioll to the Latest Editioll of
the British Pharmacop(J!ia, 17th edition
(London, 1899); Martindale and Westcott,
The Extra Pharmacop(J!ia (n. 97).

Ill. G. Gellhorn, 'Duboisinum sulfuricum als
Sedativum und Hypnoticum', Dell/sche
Medicillische Wochellschri/t, 17 (1891),
932-933, 1161.

112. Maidcn, 'Useful Australian Plants' (n. 19).
For Maiden, see Australiall Dictiollal)' of
Biography, Vol. 10, pp. 381-383; Lionel
Gilbert, 71,e Little Giallt: The Life & Work of
Joseph Hem)' Maiden, 1859-1925 (Armi
dale, 2001).

I 13. Chmelcvski, 'Zur Anwendung des Duboisin
und Scopolamin bei Geisteskranken'

. (Referat), Nellrologisches Celltralblatt, 14
(1895), 574; refcrences in Rabow, 'Ober
Duboisinum sulfuricum' (n. 78).

114. Harvey Wickes Feller and John Uri L1oyd,
King sAmericall Dispellsatol}; 18th edition
(Cincinnati, 1898), pp. 665-667.

115. Finley Ellingwood, Americall Materia Med
ica, Therapeutics alld Pharmacogllosy, 11 th
edition (Cincinnati, 1919), pp. 186-187.

116. See, for example, Dupuy, Alcaloi"des (n. 64),
p.579.

117. Gubler, 'Sur I'Action Therapeutique et
Physiologique du Duboisia' (n. 109); Dupuy,
Alcaloi"des (n. 64), pp; 579-580; Mazzochi
and Antonini, 'Le SuI fate Neutre de Dubois
ine chez les Alienes', Ri(orma medica, 4
(1892), 435-436; Merek, 'Nicht offizinelle
Alkaloide' (n. 68).

118. Mendel, 'Obcr Duboisin' (n. 64).
119. For example, see X. Francotte, 'Du SuI fate de

Duboisine dans le Traitement de la Paralysie
Agitante' (abstract), Zeitschri/t fiir die gesa
mte Neurologie ulld Psychiatrie, 16 (1897),
1423.

120. For example, O. Lampl, 'Weitere Beitrlige zur
symptomatischen Therapie der ehronischen
Encephalitis', Medizillische Klillik, 25 (1929),
1353-1357.

121. G. Panegrossi, 'Ober die neue Heilmethode
der chronischen epidemischen Encephalitis
mit Parkinson-Erscheinungen', Deutsche
Medizillische Wochellschri/t, 64 (1938),
669-670.

122. Dupuy, Alcaloi"des (n. 64), pp. 576-579;
Rabow, 'Ober Duboisinum sulfuricum'
(n. 78); Merck, 'Nieht offizinelle Alkaloide'
(n.68).

123. C. Scriba, 'Meine Tlitigkeit in der che
mischen Fabrik von E. Merck I. Juni 1881 bis
31. Dezcmber 1923', Merck-Archiv,
Darmstadt; F6/8(t) (c.1925). Other authors,
however, note that the sulphate was being
prepared at Icast a year earlier: see, for cxam
pie, H. Dimitriu, Die wissenschaflliche Ellt
wicklllllg der Alkaloid-Chemie am Beispiel
der Firn/Q Merck ill dell Jahrell 1886-1920
(Thesis, Heidelberg, 1993), p. 79.

124. Rabow, 'Ober Duboisinum sulfuricum'
(n.78); sec also H. Beckurts, 'Daturin und
Duboisin', Apotheker-Zeitllllg, 27 (1912),
683-684.

125. Merck, 'Nicht offizinelle Alkaloide' (n. 68).
126. C. Scriba, Jahrbuch der Fabrik lb, 1912,

Merck-Archiv, Darmstadt; F3/49 (1912).
127. Including: Maiden, Forest Flora of New

South Wales (n. 32).
128. Francis Howard Carr and William Colebrook

Reynolds, 'Nor-hyoscyaminc and Nor-atro
pinc Alkaloids Occurring in Various Solana-

_J



-------------------------------------------

Duboisia myoporoides and Medicine 63

ceous Plants', Joul'Ilal of the Chemical
Society, 101 (1912),946-958.

129. James M. Petrie, 'The Chemical Investigation
of Some Poisonous Plants in the Natural
Order Solanaceae. IV. The Chemistry of the
Duboisias; V. The Alkaloids of Duboisia
leichhardtii F.v.M.', Proceedings of the
Linnean Society ofNSW, 42 (1917), 118-135,
137-145..

130. Figures from annual factory record books in
Merck-Archiv, Darmstadt, section F3.

131.·Gehe &.Co.·.trade.report for April-August
1891, p. 49.

132. Ibid., pp. 30-31.
133. Maiden, 'Useful Australian Plants' (n. 19).
134. Anonymous, 'The Utilization ofNative Prod

ucts' (n. 58).
135. Petrie, 'The Chemical Investigation of Some

Poisonous Plants' (n. 129).
136. Niicke, 'Duboisinum sulfuricum bei geistesk

ranken Frauen' (n. 110); Rabow, 'Uber
Duboisinum sulfuricum' (n. 78).

137. Gehe & Co. (October 1896): atropine sul
phate (S04) 8s. 2 d. (I oz); duboisine crystal
7 s. (I g); duboisine S04 I s. IOd. (I g); hyos
cyamine crystal or S04 2 s. (I g); hyoscine
hydrobromate (HBr)/hydroiodate (HI) 3 s.
(I g); scopolamine HBr/H Ilhydrochlorate
(HCI) 3 s. (I g). Merck & Co. (August 1896):
atropine S04 $4.00 (1 oz); duboisine S04
IQ-14t (1 g); hyoscyamine S04 2Q-25t
(I g); hyoscine crystal or HBr/Hl/HCI
32-60t (I g); scopolamine HBr 13-15t (I g).
My thanks to Maggie Heran, Director of the
L10yd Library and Museum (Ohio, USA) for
supplying me with these figures.

138. Mendel, 'Uber Duboisin' (n. 64).
139. British Pharmaceutical Codex of 1911,

p.373.
140. Penfold was a leading figure in Australian

phytochemistry for three decades, discover
ing, for instance, the antiseptic qualities of
tea tree oil: H.H.G. McKern in Geoffey Serle,
ed., Auslralian DictionOlY of Biography,
Vo!. )], pp. 195-196.

141. A.R. Penfold, 'Presidential Address. Part Ill.
The Present Position ofthe Forest Products of
Australia: Alkaloids', Joul'Ilal of the Royal
Society ofN.S.W, 70 (1936), 37-38.

142. They were no longer mentioned, for example,
amongst the mydriatics in the 1938 edition of
Sanford R. Gifford's A Texlbook of Ophlhal
mology (Philadelphia), p. 143.

143. http://www.biam2.orglwww/Spe9179.html
(accessed 15 December 2003). Copy of no
longer accessible webpage retained by
author.

144. Duke, Handbook ofMedicinal Herbs (n. 90),
p.223.

145. Steinbiichel, 'Vorliiufige Mittheilung iiber die
Anwendung von SkopoJamin-Morphium
Injektionen in der Geburtshilfe', Cell/ralbla/l
j'iir Gynokologie, 27 (1902), 1304-1306.

146. National Archives of Australia, Canberra
(hereafter NAA): A9778 B30/2/49 ('Sum
mary of Drug Plant Production Being Under
taken by the Council for Scientific &
Industrial Research, Australia', 2 January
1941).

147. H. Finnemore, 'Duboisia myoporoides as a
Possible Substitute for Belladonna &c.',
Australasian Joul'Ilal of Pharmacy, 54
(1939),1037.

148. NAA: A9778, B30/2/41 (letters from A.E.V.
Richardson, Deputy Chief Executive Officer,
CSIR, to H. Finnemore [7 June 1940] and
R.D. Wright [10 June 1940]); A9778,
B30/2/48A (CSIR Meeting of Council, Can
berra, November 1941, agenda item 5[iv)).

149. CSIRO Archives, Dickson (ACT) (hereafter
CSIRO-A) BB21/2/4 (H. Finnemore,
'Medicinal Plants: The Problem of the
Solanaceous (Mydriatic) Drugs in Aus
tralia ').

150. NAA: A9778, B30/2/51A (memorandum
from Dickson to Gerald Lightfoot, Secretary,
CSIR, 15 October 1942).

151. NAA: A9778, B30/2/48D (Medicinal Drug
Plant Investigations Interim Report
I940/Progress Report 1941); CSIRO-A:
BB21/2/4 (letter from B.T. Dickson, Chief of
Division of Plant Industry, CSIR, to Riehard
son, 12 August 1941).

152. NAA: A9778, 830/2/41 (The Extraction and
Analysis of Australian Vegetable Drugs:
Progress Report on Work Done in the Depart
ment of Pharmacy, University of Sydney;
26 September 1941).

153. CSIRO-A: BB21 12/4 (letter from Dickson to
Finnemore, 12 August 1941; letter from
Dickson to Richardson [no 151]; letter from
Richardson to Colonel Sir Alan Newton,
Chairman of the Medical Equipment Control
Committee, 14 August 1941; and related
correspondence).

154. NAA: A9778, B30/2/41 (n. 152).
155. CSIRO-A: BB2 I12/4 (letters from Dickson to

Finnemore and to Richardson, letter from
Richardson to Newton, and related corre
spondence) (n. 151 and 153).

156. NAA: A9778, B30/2/50B (letter dated
12 April 1943).



64 Historical Records of Australian Science, Volume 17 Number I

157. CS1RO-A: 8821/2/4 (CS1R Division ofPlant
Industry, 'Report on drug plants for the sea
son 1942-43', March 1943).

158. E.1. Rosenblum, 'Developments in Drug
Manufacture in Australia. Research and Pro
duction by Felton, Grimwade and Duerdins
Ply. Ltd., Melbourne', Australasian Journal
of Pharmacy, 26 (1945), 89-91; John F. T.
Grimwade, A Short Histol)) of Dl1Ig Houses
ofAustralia Ltd 10 1968 (Mount Eliza, Vie.,
1974).

159. NAA: A9778, 830/2/480 (n. 151).
160. Russell Grimwade, 'Duboisia - Australia's

Own Drug Plant', Walkabout, 1 June 1954,
29-32.

161. K. Loftus Hills, 'Duboisia in Australia:
A New Source of Hyoscine and Hyos
cyamine', Journal ofthe New York Botanical
Garden, 49 (1948), 185-188.

162. Rosenblum, 'Developments in Drug Manu
facture in Australia' (n. 158).

163. Grimwade, 'Duboisia - Australia's Own
Drug Plant' (n. 160).

164. NAA: A29101l, 416/1015 Part 1 (Hyoscine
Hydro-Brom [bromine] & Atropine Sulphate
1941-1952); Rosenblum, 'Developments in
Drug Manufacture in Australia' (n. 158).

165. Rosenblum, 'Developments in Drug Manu
facture in Australia' (n. 158).

166. NAA: A5799/15, 157/1944 (Services' Prior
ity Lists - Production of Atropin and Hyos
cine 1944).

167. Geoffrey B1ainey, 'The Early Australian
Pharmacists', Australian Journal of Phar
macy (1977), 416-417.

168. John Riddoch Poynter, Russell Grimwade
(Melbourne, 1967), p. 247.

169. Office of Naval History, Navy Department,
Washington, DC, Glossal)) ofus Naval Code
Words. NAVEXOS P·474, 2nd edition (Wash
ington, 1948). Available at http://www.his
tory.navy.mil/faqslNAVEXOS]-474H.htm
(accessed 11 March 2005).

170. Barnard, 'Duboisias of Australia' (n. 25).
171. NAA: A5799/15, 157/1944 (n. 166).
172. Grimwade, 'Duboisia - Australia's Own

Drug Plant' (n. 160).
173. Anonymous, 'The Development of Drug

Manufacture in Australia: A Remarkable
Wartime Achievement', Australasian Journal
ofPharmacy, 23 (1942), 765-766.

174. Lauterer, 'Chemical and Physiological
Notes' (n. 78).

175. Petrie, 'The Chemical Investigation of Some
.Poisonous Plants. V' (n. 129).

176. lA. Lean and C.S. RaJph, 'The Production of
Hyoscyamine from Duboisia Species. Part I.

Methods of Quantitative Estimation', Jour
nal and Proceedings of the Royal Society of
New South Wales, 77 (1944), 96-98; C.S.
Ralph and J.L. Willis, 'The Production of
Hyoscyamine from Duboisia Species. Part 11.
Extraction of the Base', Journal and Pro
ceedings of the Royal Society of New South
Wales, 77 (1944), 99-105; W. Mitchell, 'The
Alkaloids of Duboisia leichhardtii' , Journal
ofthe Chemical Society (1944), 480-481.

177. K. Loftus Hills, W. Bottomley and
P.!. Mortimer, 'Variation in the Main Alka
loids of Duboisia myoporoides and Duboisia
leichhardtii. 111. Duboisia leichhardtii', Aus
tralian Joul'llal ofApplied Science, 5 (1954),
276-282.

178. Poynter, Russell Grimwade (n. 168), p. 247.
179. Division of Plant Industry, 'Report on drug

plants for the season 1942-43' (n. 157);
K. Loftus Hills and G.P. Kelenyi, 'A Prelimi
nary Report on the Cultivation of Duboisia
Species', Journal ofIhe Councilfor Scientific
and Industrial Research, 19 (1946),
359-375; H.M. Groszmann, G.P. Kelenyi and
C.N. Rodwell, 'Hybrids Between Duboisia
myoporoides and D. leichhardtii', Queens
land Journal of Agricultural Science, 6
(1949), 1-8.

180. See E. Coleman, 'Herb Growing in a
National Emergency: Herbs of Power', Aus
tralasian Journal of Pharmacy, 23 (1941),
140-142.

181. Barnard and Finnemore, 'Drug Plant Investi
gations' (n. 83); K.L. Hills, E.M. Trautner
and C.N. Rodwell, 'A Preliminary Report
upon Variation in the Nature and Quantity of
the Main Alkaloids in Duboisia myoporoides
and Duboisia leichhardtii', Journal of the
Council for Scientific and Industrial
Research, 18 (1945), 234-253; Hills and
Kelenyi, 'A Preliminary Report on the Culti
vation of Duboisia Species' (n. 179);
Barnard, 'Duboisias of Australia' (n. 25). See
also Annual Reports ofthe Council for Scien
tific and Industrial Research, 15 (1940/41) to
21 (1947/48) and Annual Reports ofthe Com
monwealth Scientific and Industrial Research
Organisation, I (1948/49) t04 (1951/52).

182. Anonymous, 'Duboisia: A New Economic
Plant', Rural Research in CSIRO, March
(1953),22-24.

183. NAA: A9778, B30/2/48A (n. 148);
Rosenblum, 'Developments in Drug Manu
facture in Australia' (n. 158); Poynter,
Russell Grill/wade (n. 168); GeofT Miller,
'Outpost Pharmacy', in 'Outpost Medicine ':
Australasian Studies on the Histol)) ofMed-



Duboisia myoporoides and Medicine

icine, eds Susanne Atkins, Kenneth Kirkby,
Philip Thomson and John Pearn (Hobart,
1994), pp. 21-34; Tasmanian Department
of Primary Industries, Water and Environ
ment, •Poppies'. Available at
http://www.dpiwe.tas.gov.au/inter.nsf/Web
PagesIEGIL-5HU8V4?open (accessed
I I March 2005).

184. DJ. Collins, C.CJ. Culvenor,
J.A. Lamberton, J.w. Loder and J.R. Price,
Plants for Medicines: A Chemical and

. Pharmacological Survey ofPlants in the Aus
tralian Region (Melbourne, 1990); J.R. Price,
J.A. Lamberton and C.C,J. Culvenor, 'The
Australian Phytochemical Survey: Historical
Aspects of the CSIRO Search for New Drugs
in Australian Plants', Historical Records of
Australian Science, 9 (1993), 335-356.

185. NAA: A9778, B30/2/50G (letter from
Dickson to Richardson, dated 194 I).

186. E.I. Rosenblum, 'Drug Manufacture in Aus
tralia: Prospects and Possibilities', Australa
sian Journal ofPharmacy, 27 (1946), 87-88.

187. Anonymous, 'Duboisia: A New Economic
Plant' (n. 182).

188.NAA: A9778, B3012l74B (Department of
Plant Industry, CSIR: Medicinal Plants,
Projects for Investigations).

189. NAA: A9778, B30/2/41 (letter from
R. Douglas Wright to the Prime Minister,
7 September 1945, and related correspond
ence in same file).

190. Exceptions had been granted, such as that to
export a ton of D. leichhardtii to a United
States firm in January 1945: NAA: AI539/1,
1945/W/299 (Export Restrictions on Duboi
sia - Customs Proc. 560, 1945).

191. Herbert A. Berens, 'A Survey of Duboisias:
Based on a Trip Through the Duboisia Areas',
Chemist and Druggist (1953),593-597.

192. Poynter, Russell Grimwade (n. 168), p. 246.
193. See especially: K. Loftus Hills, W. Bottomley

and P.I. Mortimer, 'Variation in the Main
Alkaloids of Duboisia myoporoides and
Duboisia leichhardtii. I, Chemical Methods;
11, Duboisia myoporoides; JII, Duboisia
leichhardtii; IV, Interspecific Hybrids; V, Sea
sonal Changes and Some Environmental Fac
tors', Australian Journal ofApplied Science,
5 (1954), 255-297.

194. E.M. Trautner, 'Alkaloid Formation in
Duboisia myoporoides and D. leichhardtii' ,
Australian Chemical institute Journal and
Proceedings, 14 (1947), 411-431.

195. K. Loftus Hills, E.M. Trautner and
C.N. Rodwell, 'A Tobacco-Duboisia Graft',

------------------------------

65

Australian )oul'llal of Science, 9 (1946),
24-25.

196. CSIRO-A: BB21/2/4 (letter from K. Loftus
Hills to Sir lan Clunies Ross, 29 November
1954; letter from R.F. Dawson to Loftus
Hills, 20 November 1954).

197. Both letters in NAA: A9778/1, B30/2/13
(CSIRO: Duboisia (leichhardtii). I. Extrac
tion of Hyoscine and Hyoscyamine).

198. Grimwade, 'Duboisia - Australia's Own
Drug Plant' (n. 160).

199. Poynter, Russell Grimwade (n. 168), p. 251.
200. Bamard, 'Duboisias ofAustralia' (n. 25).
20 I. See correspondence in NAA: A2910/1,

416/10/5 Part I (n. 164).
202. NAA: A2910/I, 416110/5 Part 2 (Hyoscine

Hydro-Brom [bromine] & Atropine Sulphate
1952-1954), including translation of letter
from the German Minister for Economics, 21
April 1952.

203. Foley, Beans, Roots & Leaves (n. 3),
pp. 217-251; Paul B. Foley, 'Beans, roots &
leaves: a brief history of the pharmacological
therapy ofparkinsonism' ,Wiirzburger mediz
inhistorische Milleilungen, 22 (2003),
215-234.

204. http://www.buscopan.com/comlMainlbusco
panlbuscopan.jsp (accessed I I March 2005);
includes link to detailed segment on Duboisia.

205. D. Palevitch, 'Agronomy Applied to Medici
nal Plant Conservation', in The Conservation
ofMedicinal Plall/s, eds Olayiwola Akerele,
Vernon Heywood and Hugh Synge (Cam
bridge, 1991), pp. 167-178.

206. Poynter, Russell Grinllvade (n. 168), p. 247.
207. Wulf Ohlendorf, 'Domestication and Crop

Development of Duboisia spp. (Solan
aceae)', in Domestication and Commerciali
zation of Non-Timber Forest Products in
AgroforesllY Systems (Rome, 1996). Availa
ble at http://www.fao.org/documents/show_
cdr.asp?urUile=/docrep/w3735e/w3735e23.
htm (accessed II March 2005); Qazi
Mohammed Abdur Razzaque, 'Studies on the
Biology and Ecology of the Duboisia Flea
Beetle Psy/liodes Paralis Weise (Chrysomel
idae, Coleoptera) in Duboisia Plantations'
(thesis abstract), Australian Journal of£11/0

mology 41 (2002), 281-282.
208. John Pearn, 'Corked Up: Clinical Hyoscine

Poisoning with Alkaloids ofthe Native Cork
wood, Duboisia', Medical Joul'llal of Aus
tralia, 2 (1981), 422-423; lan Wood, Peter
Chudleigh and Katrina Bond, eds, Develop
ing New Agricultural Industries: Lessons
from the Past (Kingston, ACT, 1994), vol.2,
pp. 80-85; Ohlendorf, 'Domestication and



66 Historical Records of Australian Science, Volume 17 Number I

Crop Development of Duboisia spp.'
(n.207).

209. A.R. Carr, 'Duboisia Growing', Queensland
Agricultural Joumal, 100 (1974), 495-505;
William J. Griffin, 'Duboisias of Australia',
Pharmacy Intemational, 6 (1985), 305-308;
RJ. Smith, 'Alkaloids from Native Flora:
Commercial Production, Old and New',
Chemisll)' in Australia, 56 (1989), 350-352;
Julie Lake, 'Medicinal Tree Crops Have
Export Potential', Australian Horticullllre,
July (1990), 30-34.

2 IO. lE Coulson and WJ. Griffin, 'The Alkaloids
of Duboisia myoporoides. l. Aerial Parts',
Plallla Medica, 15 (1967), 459-466;
lE Coulsen [sic] and WJ. Griffin, 'The Alka
loids of Duboisia myoporoides. Il. Roots',
Plallla Medica, 16 (1968), 174-181.

211. O. Luanratana and WJ. Griffin, 'Cultivation
of a Duboisia Hybrid. Part A. Nutritional
Requirements and Effects of Growth Regula
tors on Alkaloid Content. Part B. Alkaloid
Variation in a Commercial Plantation: Effects
of Seasonal Change, Soil Fertility and Cyto
kinins', Joumal of Natural Products, 43
(1980), 546-558; O. Luanratana and
WJ. Griffin, 'The Effect ofa Seaweed Extract
on the Alkaloid Variation in a Commercial
Plantation of a Duboisia Hybrid', Journal of
Natural Products 45 (1982), 270-271.

212. N. Cougoul, E. Miginiac and L. Cosson, 'Un
Gradient Metabolique: Rapport Scopol
amine/Hyoscyamine dans les Feuilles du
Duboisia myoporoides en Fonction de leur
Niveau d'lnsertion et du Stade de
Croissance', Phytochemistl)' 18 (1979),
949-951; Toshihiko Ikenaga, Sachiko
Takemoto and Hiromu Ohashi, 'Relationship
Between the Content ofTropane Alkaloids in
the Five Top Leaves ofDuboisia myoporoides
R. Br. and in the Whole-Plant Leaves', Net/ai
Nogyo, 29 (1985), 31-32.

213. Jau Ying Lee andTai Hui Chiu, 'The variation
of total alkaloids, scopolamine and hyos
cyamine in Duboisia myoporoides R. Br.',
lllOnghua Yaoxue lazhi, 40 (1988), 101-110.

214. For example: W.l Griffin, H.P. Brand and
lG. Dare, 'Analysis of Duboisia myopo
roides R.Br. and Duboisia leichhardtii
E MueH.', Joumal of Pharmaceutical Sci
ence, 64 (1975),1821-1825; Griffin, 'Duboi
sias of Australia' (n. 209); W. Gritsanapan
and WJ. Griffin, 'Alkaloid Variation within
Duboisia myoporoides', Phytochemisll)', 30
(1991), 2667-2669; G.D. Lin and
"W.l Griffin, 'Biotechnology of Duboisia
Alkaloids', Australasian Biotechnology, 2

(1992), 23-26; Griffin and Lin, 'Chemo
taxonomy and Geographical Distribution of
Tropane Alkaloids' (n. 27).

215. Toshihiko Ikenaga (Faculty of Environmental
Studies) and Yoshie Kitamura (Faculty of
Pharmaceutical Sciences), amongst others,
have published extensively on various aspects
of D. myoporoides: see review by
T. Muranaka, Y. Kitamura and T. Ikenaga,
'Genetic Transformation of Duboisia
Species', Biotechnology in Agriculture and
Foreslly; 45 (Transgenic Medicinal Plants)
(1999),117-132.

216. Yukio Miyazaki, Joju Haginiwa, Masatoshi
Harada and Hiroshi Watanabe, 'Development
of Medicinal Resources. l. Information on
Duboisia myoporoides Cultivated in Japan',
Yakugaku lasshi, 83 (1963), 597-601.

217.0.P. Virmani, Ashok Sharma and Anup
Kumar, 'Cultivation of Duboisia as a Com
mercial Source of Hyoscine and Hyos
cyamine A Review', Current Research in
Medical and Aromatic Plallls, 4 (1982),
47-56; Y.N. Shukla, Samresh Dwivedi,
A.K. Kukreja and S.P.S. Khanuja, 'Present
Status of Research in Australian Cork Wood
Tree Duboisia myoporoides and its Related
Species', Journal ofMedicinal and Aromatic
Plant Sciences, 25 (2003), 118-133.

218. A. Askari, S. I. Ahmed and N. Anwar,
'Studies on Seed Germination and Introduc
tion of Duboisia myoporoides R.Br.', Paki
stan Joumal of Scientific and Industrial
Research, 32 (1989), 681-683.

219. Recent research reviews: Lin and Griffin,
'Biotechnology of Duboisia Alkaloids'
(n. 214); Wandee Gritsanapan, 'Duboisia: a
major source of hyoscine', Warasan
Phesatchasat, 22 (1995), 178-190;
O. Luanratana, 'Micropropagation of Duboi
sia Species', Biotechnology ill Agricullllre
and FOreSIl)', 40 (High-Tech and Micro
propagation VI) (1997), 313-331;
M.G.P. Mahagamasekera and P.M. Deran,
'Intergeneric Co-Culture of Genetically
Transformed Organs for the Production of
Scopolamine', Phytochemislly, 47 (1997),
17-25; Muranaka, Kitamura and Ikenaga,
'Genetic Transformation of Duboisia
Species' (n. 215); Shukla, Dwivedi, Kukreja
and Khanuja, 'Present Status of Research in
Australian Cork Wood Tree' (n. 217).

220. P. Bachmann, L. Wine and E-C. Czygan,
'Ober das Alkaloidspektrum dcr floralen und
postfloralen Teile von Duboisia myoporoides
R. Br. (Solanaceae)' (abstract), Archiv der
Pharmazie, 321 (J 988), 690.



r------------------------------------------------

Duboisia myoporoides and Medicine 67

221. Toshihiko Ikenaga, Shozo Kino, Itsuko
Zensho and Hiromu Ohashi, 'Studies on the
Production of Duboisia in Japan. VII. Com
parison of the Cultivation of Duboisia
myoporoides R.Br. in Okinawa and
Nagasaki', Nellai Nogyo, 21 (1978),86-92;
A. Singh, D.V. Singh, M. Ramachandra Rao,
Y.N. Shukla and A. Husain, 'Cultivation of
Duboisia myoporoides R. Brown as Source of
Tropane Alkaloids in India', Indian Joumal
of Pharmaceutical Sciences, 47 (1985),
120-121.

222. E.M. Trautner and O.E. Neufeld, 'The Occur
rence ofUrsolic Acid in the Leaves of Duboi
sia spp.', Austmlian Chemical Industl),
Joumal and Proceedings, 14 (1947),17-22;
Yogendra N. Shukla and Raghunath
S. Thakur, 'Aliphatic Constituents from
Duboisia myoporoides', Phytochemist')', 23
(1984), 799-801; Y.N. Shukla, A. Rani,
A.K. Tripathi and S. Sharma, 'Antifeedant
Activity of Ursolic Acid Isolated from
Duboisia myoporoides', Phytothempy
Research, 10 (1985); 359-360.

223. Foley, Beans, Roots & Leaves (n. 3),
pp. 275-303.

224. Barger, Martin and Mitchell, 'The Minor
Alkaloids of Duboisia myoporoides' (n. 81).

225. E.M. Trau.tner and C.H. Noack, 'Tigloidine
as a Substitute for Atropine in the Treatment
of Parkinsonism', Medical Journal of Aus
Milia, I (1951),751-754; E.M. Trautner and
S. Gershon, 'The Effect of Tigloidine on
Extrapyramidal Syndromes (Huntington's
Chorea)', Australasian Annals ofMedicine, 7
(1958),286-291. See also review in Anony
mous, 'Tigloidine Hydrobromide', British
Medical Joumal, 1 (1962), 253, and
I. Sanghvi, E: Bindler and S. Gershon,
'Pharmacology ofa Potential Anti-Parkinson
Agent: Tigloidine', European Joumal of
Pharmacology, 4 (1968), 246-253.

226. E.M. Trautner and I.A.N. McCallum, 'The
Action ofTropine and Heliotridine-Alkaloids
on Excitation, Propagation and Recovery in
Muscle', Australian Journal ofExperimental
Biology and Medical Science, 28 (1950),
343-359; Trautner and Gershon, 'The effect
of tigloidine on extrapyramidal syndromes'
(n. 225).

227. A.B. Cribb and lW. Cribb, Wild Medicine in
Australia (Sydney, 1981), p. 188.

228. Boehringer Ingelheim Group of Companies,
Our Planet Our Responsibility. Environment

Safety Health 2000. Available at
hit p ://www.boehringer-ingelheim.com/
corporate/home/downloadlEHSreportOO.pdf
(accessed 11 March 2005).

229. Damien O'Sullivan, Darren Schmidt and
Marcus Priaulx, Resources ofthe Inland Bur
nett (Brisbane, 2002), p. 19.

230. Data courtesy of Alkaloids of Australia Pty
Ltd. See also: Queensland Department of
Primary Industries, Duboisia: District Crop
SummGlY (Brisbane to Gympie) (1979).

231. Boehringer Ingelheim Group of Companies,
Value through Innovation: Annual Report
2000. Available at http://www.boehringer
ingelheim.com/corporate/home/download/
annualreport2000.pdf (accessed 11 March
2005). Duboisia has not been mentioned in
subsequent reports.

232. Tsuyoshi Endo and Yasuyuki Yamada, 'Alka
loid Production in Cultured Roots of Three
Species of Duboisia', Phytochemist'J', 24
(1985), 1233-1236.

233. CarIes Roig Celma, Javier Palaz6n, Rosa M.
Cusid6, M. Teresa Pinol and Michael Keil,
'Decreased Scopolamine Yield in Field
Grown Duboisia Plants Regenerated from
Hairy Roots', Plallla Medica, 67 (200 I),
249-253.

234. E.V. Lassak and T. McCarthy, Australian
Medicinal Plants (Sydney, 200 I), p. 196; the
comment was presumably not corrected from
earlier editions of the book.

235. Chris Joyce (Alkaloids of Australia),
personal communication. See Alkaloids of
Australia website available at
http://www.alkaloids.org (accessed II March
2005).

236. Wood, Chudleigh and Bond, Developing New
Agricultural Industries (n. 208), p. 82.

237. G.H. Gerlach, 'Daturia innoxia: A Potential
Commercial Source of Scopolamine', Eco
nomic Botany, 2 (1948),436-455.

238. Wood, Chudleigh and Bond, Developing New
Agricultural Industries (n. 208), pp. 83-84;
Julie Lake, 'Making Duboisia Growing
Profitable', Australian Horticulture, August
1992,33-36; R. Wills and D. Evans, Medici
nal Herbs & Pharmaceutical Plalll Extracts
R&D Opportunities: Proceedings of an
RJRDC workshop held in Sydney on 8 July,
1997. Available at http://www.rirdc.gov.au/
reportsINPP/juI97wkshp.doc (accessed
11 March 2005).



68 Historical Records of Australian Science, Volume) 7 Number)

Appendix 1, Chronological list of alkaloids identified in Duboisia myoporoides

Novel alkaloids identified in D. leichllUrdtii, including scopadonnine (K. Kagei et al., 'Studies on Dubo6'ia species. 4. Minor
alkaloids in leaves of Duboisia 'eichlll/rdtii', Yakugaka Zasshi, 100 [19801, 216-220), calystegines (A. Kato et al., 'Calystegine

alkaloids from Duboisia leichlll/rdtii', Phytochemistry, 45 [19971,425-429) and dihydroxynortropanes (N. Asano et al.,

'Dihydroxynortropane alkaloids from calystegine-producing plants', Phytochemistr); 57 [20011, 721-726), have not yet been
identified in D. myoporoides. Plant parts: fr, fruit; If, leaf; r, rool; rb, root bark; rw, root wood; st, stem

Alkaloid Year Plant part

Tropane alkaloids
Hyoscyamine 1880 rb, lW, st, If

Scopolamine = hyoscine 1887 rb, lW, st, If, fr

Norhyoscyamine = pseudo- 1892 st, If
hyoscyamine, solaridrine

Noratropine 1912 st, If

AtropineA 1917 rb, st, If

Tigloidine = 3~-tigloloxytropane 1937 If
Valeroidine lW, st,lf

Isoporoidine" 1938 If
PoroidineD If

Acetyltropine 1967 If
Aposcopolamine rb, lW, st, If
Butropine st, If
Norscopolamine st
Tigloyltropine = a-tigloyloxytropane If
TropineA rb, lW, st, If
Valtropine rb, lW, st, If

Littorine (phenyl-Iacloyltropine)

7~-Hydroxyhyoscyamine

6~-Hydroxyhyoscyamine

(anisodamine)

Apoatropine
Tropine nonanoate

1989

1989

1991

1992

If

If

If

If
If

First description in D. myoporoides

A. Ladenburg, 'Ober das Duboisin', Berichte der deutschell

chemischen Gesell.'c/lUji, 13 (1880),257-258
A. Ladenburg, E Petersen, 'Ueber das Duboisin', Berichte der

deutschell chemischell Gese/lsc/lUji, 20 (1887), 1661
E. Merck, 'Ueber das Pseudohyoscyamin, ein neues Alkaloid

aus Duboisia myoporoides', E. Merck. Darmstadt. Beric/I/,
6 (1892),11

EH. Carr, W.C. Reynolds, 'Nor-hyoscyamine and nor-atropine;
alkaloids occurring in various solanaceous plants',
Jourl/al oJthe Chemical Society, 101 (1912),946-958

J.M. Petrie, 'The chemical investigation of some poisonous
plants in the natural order Solanaceae. IV. The chemistry of
the Duboisia.,·', Proceedings oJthe Linlleall Society oJ
NSW, 42 (1917), 118-135

G. Barger, WE Martin, W, Mitchell, 'The minor alkaloids of
Duboisia myopo/'{Jidcs', Journal oJthe Chemical Society
(1937),1820-1823

G. Barger, WE Martin, W, Mitchell, 'The minor alkaloids of
Duboisia myoporoides. Part 11. Poroidine and
isoPoroidine', Jourtlal oJthe Chemical Society (1938),
1685-1690

J.E Coulson, WJ. Griffin, 'The alkaloids of Duboisia
. myoporoides.1. Aerial parts', Plantu Medica, 15 (1967),

459-466. Butropine and valtropine had previously been
identified in D. leichhardtii (W. Deckers, J. Maier, 'Ober
zwei neue Alkaloide aus Duhoisia leicl1llUrdtii',
Chemische Berichte, 86 [19531,1423-1428; E.I.
Rosenblum, 'Alkaloid variation in wild and cultivated
Duboisia leichhardtii E Muell.', Australiall Jourllal oJ
Applied Sciellce, 5 [1954], 51-62), as had tropine
(W,J. Griffin, 'The alkaloids ofDuboisia leichhardtii',
Australasiall Jourtlal oJPharmacy, 46 [19651,
S128-S 131); the latter had been identified even earlier in a
D.myoporoides hybrid (K. Loftus Hills, E.M. Trautner,
C. Rodwell, 'A tobacco-Duboisia graft', Austmliall
Joul'llal oJScience, 9 [19461, 24-25)

cW.J. Griffin, G.D. Lin, 'The isolation of Iittorine from a
Duboisia hybrid', Natarwissensc/lUjien, 76 (1989), 582

cK. Ishimaru, K. Shimomura, '7~-Hydroxyhyoscyamine from
Duboisia myoporoides-D. leichhardtii hybrid and
Hyoscyamus albus', Phytoc/,emistr)\ 28 (1989),
3507-3509

W Gritsanapan, WJ. Griffin, 'Alkaloid variation within
Duboisia myoporoides', Phytochemistry, 30 (1991),
2667-2669. Previously isolated from a Duboisia hybrid:
Griffin, WJ., 'Isolation of 6-hydroxyhyoscyamine from a
Duboisia hybrid', Naturwissellschalien, 62 (1975), 97

Y.N. Shukla, R.S. Thakur, 'Tropane alkaloids from Duboisia
myoporoides', Phytochemistry, 31 (1992),4389-4390.
Apoatropine previously isolate from a Duboisia hybrid:
Y. Kitamura, Y. Sugimoto, T. Samejima, K. Hayashida,
H. Miura, 'Growth and alkaloid production In Duboisia
myopof'()ides and D. leichhardtii root cultures', Chemical
& Pharmaceutical Bulletill, 39 (1991),1263-1266

Continued next page
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Appendix J. Continued

1953 r,lf
r, If, fr

1957 r, If, fr
If

1968 TW, rb, fr

Alkaloid

Non-tropane alkaloids
Nicotine
Nornicotine

Anabasine = neonicotine
(Iso)pelletierineo

Tetmmethylputrescine

Myrtine

Hygrine

Year

1989

1991

Plant part First description in D. myopomidcs

K. Lonus Hills, W. Bottomley, P.I. Mortimer, 'Occurrence of
nicotine together with hyoscine in Duboisia myopomides
R Br.', Nature, 171 (1953),435-435

P.1..Mortimer, S. Wilkinson, 'The occurrence of nicotine,
anabasine, and isopelletierine in Duboisia myoparoides',
Jou,."al oftire Clremical Society (1957),3967-3970

IF. Coulson, WJ. Griffin, 'The alkaloids of Duboisia
myopomidcs. 11. Roots', Planta Medica, 16 (1968),
174-181. Previously identified in D.leiclrlranltii:
w.J. Griffin, 'The alkaloids of Duboisia leich"ardtii:
tetramethyIputrescine', Australasian Journal ofPlrarmacy,
48 (1967), S21-S22

P. Bachmann, L. Wille, F.-C. Czygan, 'The occurrence of
p-phenylethylamine derivatives in suspension culture of
D. myopomidcs', Plallla Medica, 55 (1989), 231

fr W. Gritsanapan, WJ. Griffin, 'Alkaloid variation within
Duboisia myopomides', Phytoclremi.<lIy, 30 (1991),

o. 2667-2669

AFirst reports in which the presence in D. myoporoides was mentioned specifically.
BPoroidine and isoporoidine constituted the 'base Z' in Barger et al. 'The Minor Alkaloids ofDuboi.<ia myoporoidcs' (see under

'Tigloidine' in table).
CNot yet reported in pure D. myoporoides.
"The designation isopelletierine is no longer used, as it proved to be identical with pelletierine; Mortimer was the first to correctly

elucidate its structure (Australian Joul'l1al ofClremist/')\ 39 [1958], 1263-1266).

http://www.publish.csiro.au/journals/hras
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