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SUMMARY 

Some aspecto of cuAa/ie leteaAch counted out oven the loot 25 yeaAò one dtòcuò&ed. 

Accepting a pharmacological nxxtheA than pwiely ethnological definition meant, that caAoreò 

are not limited to South Amentca but that they ate al&o known ftom Czntnal Afitca and 

South-ia&t Aiia. Among the entteKia that have been iuggzitzd fon. cía&òifying South AmeaL 

can cuAOAet, ΟΛΖ: type oi containen, geographical ontgin, botanical íouAcei of the active, 

constituent!,, and chemical compoòltion. A combination of botanical' and gzogxaphical 

cntteiia leadt to much the. iame regional gH.oupin.Qa at a combination of cAitexia involving 

the. type. of contatneA and the. chemical composition. The. active, ptiincipleM in CUKOAZA 

may derive from membeti o^ Xh-i Loganiaceaz [S&iyehnoò] and/on tAzniApenmaczaz {mainly 

ChonttowdzndJion and Qurarza, bat also Abata, Anomo&pejmum, Ciò&ampeloò, Sciadoteiua, and 

TzLitoxtcnm). Certain of the SfiychnoÁ dimeric indole alkaloids can undeAgo a variety 

of cleavages, oxidations, and tòomerizationS; hence., somz of the compounds obtained by 

nonmal isolation pnoceduAzs one aZmoòt czntainly artzfacts. The different gzneAa of, 

UzniApejmaczaz ph.udu.ce a widz tange of bi&benzyl and othzt types of isoquimlinealka&tds. 

Many of thz plant additives also contain a varizty of tsoquinoline bases, and this hoi to 

be taken into account in assessing thz contribution tkeAz ingredients may make to thz 

ovzJuxll activity of, curare. Loganiaceaz-bated curares with toxiferinzas majon. alkaloid 

tznd to bz thz most toxic, ϊη the casz of MenAspeAmaczaz-based products, there-is evidence, 

that the process by which they are made may lead to a considerable increase in thz tox

icity oh thz finished poisons as compaAzd with thz original plant material!,. The mecha 

nism of action of, thz alkaloids it, outlined, and thz rolz oh CUAOAZ alkaloidò in thz dz 

velopment of, present-day muselz-relaxant drugs used In surgery i& indicatzd. Attention 

lb drawn to reported medicinal uses of somz of thz alkaloid-bearing plants incorporated 

into curares, suggesting that fuAtheA evaluation of these planto may be of interest. 

(*) This paper is dedicated to the memory of B. A. Krukoff, who,over a period of almost 

fifty years, was the driving force behind much of the botanical and chemical in 

vestigation of the plants used in the preparation of curare. 
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INTRODUCTION 

The dart and arrow poisons of the South American Indians have long been a source of 
fascination to scientists and laymen alike, and in studying curare - certainly the most 
famous of them - wide fields of botany, chemistry, and pharmacology have been opened up, 
The well-known symposium on Curare and curare-like agents (Bovet et a l . , 1959), held in 
Rio de Janeiro just over 25 years ago, was a tremendous stimulus to curare research,and 
in the present paper the opportunity is taken to review briefly some of the developments 
which have taken place since that event. 

The following references deal in greater detail with various aspects of more recent 
curare research: Bauer (1965, 198l); d e l C a s t i t l o a Anderson (197^); Curare - Symposion 
(1966); Grmek (1973); Mar ini-Bettolo (1981); Vellard (1973); Waser (1972);Waser & Hopff : 
( 1 9 7 0 . 

DEFINITION 

Depending on the point of view, the term curare can mean several different things: 

1. To the anthropologist or ethnographer it stands for a group of dart (and arrow) 
poisons prepared by the Indians of tropical South America whose characteristic 
feature is to bring about paralysis. 

2. To the pharmacologist curare is characterized by its actional the neuromuscular 
junction; this is to cause relaxation or paralysis of the musculature through 
blockade by a nondepolarizing, competitive mechanism, the effects of which are 
reversible by small doses of neostigmine. 

3. To the anaesthetist curare often simply means the musclerelaxant alkaloid (+)-
tubocurarine. 

In view of the wide use of the verb "to curarize", as well as of the derived noun 
"curarization" and adjective "curariζing", it is reasonable to accept a definition based 
on the characteristic pharmacological effects as indicated above under 2. Such a defi 
nition is proposed by the ethnologist Bauer (1962/63), who has carried out a lengthy 
series of investigations on curare, and it is the one adopted here. Defined thus, and 
leaving aside the geographical qualification, it means that curares are no longer to be 
considered as exclusively South America, for there is good evidence that sim! lar products 
are made in Central Africa and South-East Asia. This approach entails brief consider
ation of another highly reputed South American arrow poison, viz guachamacã.for reasons 

that will become clear when the pharmacology of muscle-relaxants comes to be discussed. 

TYPES OF CURARE AND THEIR GEOGRAPHICAL DISTRIBUTION 

Types of Curare 

Curare is essentially a hunting poison characteristic of the tribes living in the 

tropical rain forest. But it has also been prepared by tribes further to the south In 



the savanna of the Mato Grosso plateau, and it has occasionally been used in warfare. 
Early work led Boehm to group curares according to the type of contaΐner they were 

Bored in - the three most important types being calabash, tube, and pot curare. This 
liSsification proved convenient in use over a period of more than 60 years,as it turned 
but that, in general, curare in calabashes was usually obtained from Logan iaceae; cura res 
in bamboo tubes were derived from Menispermaceae; and pot curares were rat xed Logan i aceae 
nlspermaceae products. However, it has become evident that nowadays some tribes may 
ep their curare in more than one type of container or even in tin cans or bottles whi ch 
ppen to be conveniently at hand (Vellard, 1965; Schultes, 198A). A further difficulty 
fthat curare is a product in which there has been, and still is,a considerable trade; 

certain tribes have had a particular reputation for the quality of their product, and 
mples often travel hundreds of kilometres from their place of origin. Furthermore, a 
pposedly new type of curare has been encountered which is not stored but is painted 

-directíy on arrow tips; it is derived from Loganiaceae and/or MenΪspermaceae. The name 
."arrow-tip" curare is appropriate for this type. 

I Cursres bas*5d on Loganisceae 

\\V\\ Mixed Logani aceae/Menispermaceae curares 

" ^ Z ^ Curares based cn Menispermaceae 

///// Curares based on Loganiaceae (savanna) 

Loya nuceiu' ar.d/or Mer. ι spt; rnuceae-based ar row -11 ρ curares 
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Distribution of Curares 
Vellard (1965) put forward a geographical classification based primarily on the 

botani ca 1 sources of the active ingredients; he noted that it was closely paralleled by I 
the differences in the chemical composition of the various preparations. Nevertheless, 
here again there are problems, because of the long-distance trading mentioned above and 
also because the botanical origin of the product is often unknown. 

As can be seen from the accompanying map (Fig. I; modified fromVel 1 ard( 1 965,1973), 
curares based on Menispermaceae predominate in the montana, in the region bounded by the 
Napo, Maranon, and Ucayali rivers. Mixed Loganiaceae/Menispermaceae curares are found 
chiefly in the area covered by the middle reaches of the Amazon; but there is some evi 
dence that mixed curares were also made in Guyana (Moody, 1965; Snedden et al ., 1970). 
Loganiaceae curares come principally from the region between the Orinoco iη the north and 
the Negro and lower reaches of the Amazon in the south (Ve11ard 1965,1973).The so-called 
arrow-tip curares are found in a small region on either side of the Venezuela/Brazil 
frontier (Biocca et a l . , 1965; Galeffi δ Marini-Bettolo, 1977; Galeffi et a!.,1977; LI-
zot, 1972; Harini-Bettolo, 1973). 

Bauer (1962/63; 1965a, b; 1969; 1971a, b; 1981), working with extensive museum 
material, has analysed numerous samples of curare both pharmacologically and by means of 
paper chromatography. He has classified his findings in terms of the main active alka 
loidal constituents, which are an indication of the botanical origin as well as the geo 
graphical origin, and the container, which is usually a further indication of geographi 
cal origin. 

On the basis of these chromatographic studies Bauer (19&5a) has divided curares 
into three major groups, which come from regions coinciding largely with the ones put 
by Vella.rd: 

1. Those in which C-curarine/C-calebassine are the main alkaloids;in some dihydro 
toxiferine (C-alkaloid K) may also be present. These products are found mostly 
in calabashes and originate mainly from the eastern Amazonian region (Orinoco 
and Negro rivers). 

2. Those in which toxiferine predominates; C-alkaloids A and Ε may also occur in 
large amounts; and in some diaboline is present.Occasionally.there are traces 
of C-curarine/C-calebassine and related alkaloids, and in certaiη samples there 
are Chondrodendron bases. Mostly, these curares are kept inunglazed clay pots 
of which there are several types, and they conie fr out lhe western Amazon ian region 
(Napo, Japurã, Javari rivers). 

3. Those In which only Chondrodendron alkaloids occur. Curares of this group may 

be stored in pots or bamboo tubes (a container that first makes its appearance 

at the end of the 19th century) and are confined to the montana. 

Bauer places Siusi and Witoto products from the Brazil/Colombia frontier region In 

a separate category. Together with traces of C-curarine/C-calebassine and associated 

alkaloids, they contain a series of unidentified components. One possible ingredient in 



the Witoto curare is a Telitoxicum species (Barneby & Krukoff, 1971, p. 3 0 ; Krukoff & 
Barneby, 1 9 7 0 , p. kj) . 

Thus, as far as museum specimens of curare are concerned, the container can be used 
as an indicator of their origin but not of thei r compos i t ion (Bauer , 1965a ; 1971 a). Chemical 
analysis is essential in order to determine the composition and hence to obtain some 
Idea of the botanical materials used. 

While it is understandable that the composition of a curare will be governed largel y 
by the plants a vai lable to the maker (s) , in a given area (twill tend to be fairly constant; 
and this is evident from the very similar alkaloid composition of curares obtained in 
both Ecuador and southern Venezuela recently and more than a century ago (Bauer, 1 9 8 1 ) . 

Nevertheless, the same range of ingredients may not necessarily be used each time, and 
[.the fact that the composition is similar throughout wide regions is due as much to the 
lively intertribal trade, especially in curares which enjoy a particular reputation. In 
the past, Macushi curare from Guyana reached tribes situated along the upper Orinocojand 

I in later times, Piaroa curare from the Orinoco has reached the Akawaio I i ν i ng on the upper 
Hazaruni in Guyana (Colson, 1 9 7 3 ; Coppens, 1 9 7 1 ; Thomas, 1 9 7 2 ) . 

BOTANY 

Once scientific field studies began, it was soon recognized that the actΐve ingredi 
KOTts in South American curares were derived chiefly from plants belonging to the two 
• Families Loganiaceae and Men i spermaceae. 

Loganiaceae 
The plants concerned are all Strychnos species. The genus reaches its greatest 

1 diversity in Africa, and the ca. 75 species found there belong to 11 of the 1 2 sections 
distinguished by Leeuwenberg (1969) on the basis of various combinations of flower and 

L seed characters, as well as the arrangement of the tendrils. In Asia there are probably 
about species, grouped in five of the sections: Strychnos, Rouhamon , Pen i c i 1 1 atae ,Bre_ 

I vitubae, and Lanigerae (Bisset et al ., 1973). One species S. potatorum,of sect i on Rouha 
I iron, occurs in both Africa and Asia. South America has ca . 75-80 spec i es, which a re repre 
I sentatives of only three of the sections: Strychnos, Rouhamon, and Breviflorae (Krukoff 

Evidence in the form of annotations to herbarium specimens (Krukoff,) 972) indicates 
I that the South American Indians have utilized at least 21 species in preparing curares, 
although not all of them have been a main component. Table 1 1 i sts the species and where 

I they have been used, which rs throughout the greater part of the cu ra re-produc i ng reg ion 
I of South America. The majori ty of the species reported to be ingredients in curare beiorg 
to the section Strychnos; species of section Rouhamon form a poor second; and only one 
species comes from section Breviflorae. 
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Table 1. The Strychnos species known to have been used in South American curares 
(Krukoff, 1972). 3 

Region where used 

Section Strychnos 

S. brachiata Colombia (Putumayo) 
s . bredeaeyeri Brazil (Roraima), Guyana 
[S. darienensis Guyana] 
s . cf. diaboli Guyana 
s . er ichson ii Colombia (Putumayo), Guyana, Surinam 
s . javariensis Colombia (Putumayo, Amazonas), Brazil (western Amazonas) 
s . jobertiana Colombia (Vichada, Putumayo), Ecuador (Napo-Pastaza),Brasil 

(western Amazonas) 
[S. macrophy1 la Brazil (Manaus)] 
s . mitscherl iclii i 

var. mitscherlichii Colombia (Putumayo), Ecuador (Napo-Pastaza), Guyana 
var. pubescent ior Colombia (Amazonas) 

s . peckϊI Colombia (Putumayo), Venezuela (Amazonas), Ecuador (Napo-
Pastaza, Morona, Santiago), Brazil (western Amazonas) 

s . rondeletioides Colombia (Vaupés), Venezuela (Bolívar, Amazonas), Brazil 
{central Amazonas) 

s. sandwithiana Brazil (western Amazonas) 
s . solerederi Brazil (western Amazonas) 
s . solimoesarta Brazil (western and central Amazonas) 
s . tomentosa Brazil (Roraima, Amapa) 
s . toxifera Panama (?) , Venezuela (Amazonas), Ecuador (Napo-Pastaza), 

Guyana, Brazil 

Section Rouhamon 

S. cogens 
S. glabra 
S. guianensis 

S. melinoniana 
S. panurensis 
S. subcordata 

Section Breviflorae 

S. castelnaeana 

Venezuela (Boiivar) , Guyana, Brazil (western Amazonas) 
Brazil (central and northern Amazonas) 
Colombia (Putumayo), Venezuela (Bolívar, Amazonas), Guyana 
Surinam, Ecuador (Napo-Pastaza), Brazil (Roraima,Rio Bran
co, north-western Amazonas, Mato Grosso) 
Guyana, French Guyana (?) 
Venezuela (upper Orinoco) 
Colombia (Putumayo), Brazil (western and central Amazonas) 
(western and northern Amazonas) 

Peru (Loreto) , Brazil (widely in western and central Amazo 
nas, Para) 

Doubtful species 

[S. gubleri 
[S. yapurensis 

Venezuela (upper Orinoco}] 
Brazil (western Amazonas)] 

a - Later annotations can be traced via Krukoff's 21st and final supplement on the AmerJ_ 
can species of Strychnos (Phytologia 51: ^33-^39 (1982)). 

About eight of the Strychnos species included in Table 1 have been noted as a 
principal ingredient in curares: S. jobertiana, S. peckii , S. rondeletioides, and S. 
toxifera of section Strychnos; S. cogens, S. glabra, 3nd S. guianensis of secticn Rouhamon; 



and S. castelnaeana of section Breviflorae. 

Bauer (1965a) has tried to reconstruct the plant sources of the various types of 

curare from the results of his chromatographic analyses. But his attempt must be con

sidered unsatisfactory, especially in regard to the Strychnos species involved. It does 

not take into account current know Iedge of their distributions, as given in the 21 supple_ 

ments to the original monograph by Krukoff & Monachino ( 19^2 ) . Nor is allowance made 

for the present incomplete data on their alkaloid composition - little is known about 

the active principles of many of the species reportedly incorporated into curares (cf. 

Table h) - and the variation to which this is known to be subject (Galeffi et al.,1973) 

Marini-Bettolo et a l . , 1980). 

It is also species of Strychnos that have proved to be the essential components of 

the muscle-relaxant poisons made in Africa and South-East Asia. Banyambo hunters of the 

Rwanda-Tanzania frontier region make use a poison based on S. usambarensis {section 

Rouhamon) on their arrowheads (Angenot, 1971) and Semai Senoi aborigines of Western 

Malaysia have almost certainly included S. ignatii (section Strychnos) in their dart 

poison lampong (Bisset et a l . , 1977. 

Table 2. Species of Men i spermaceae utilized in the preparation of South American curares 

(Barneby & Krukoff, 1971) . 3 

Chondrodendron Ruiz et Pavõn 
Ch. platiphylI urn 
Ch. tomentosum Colombia (Putumayo), Ecuador (Napo-Pastaza), Peru (Loreto, 

San Mart Γη, Huánuco) 

Curarea Barneby < 
Cu. candicans 
Cu. tecunarum 

Sciadotenla Mie 
Sc. peruviana 
Sc. toxifera 

Anomospermeae 

Abuta Barrere ex Aublet 
Ab. grisebachi i 
Ab. imene 
Ab. pahni 
Ab. rufescens 

Anonospermun Miers 
An, grand if ol ium d 

Curare - botany ... 

Guyana, Brazil (western Amazonas) 
Colombia (Putumayo, Amazonas), Ecuador (Napo-Pastaza), Bra_ 
zil (western Amazonas) 
Colombia (Putumayo, Vaupés), Ecuador (Napo-Pastaza), Peru 
(Loreto), Brazil (western and central Amazonas) 

'eru 
iolombia (Putumayo), Ecuador (Napo-Pastaza), Peru (San Mar_ 

lezuela (Roraima) 
Brazil (western Amazonas) 
Brazil (western Amazonas) 
Colombia (Putumayo, 0 Amazonas), Veneza 
dor (Napo), Brazil (western Amazonas) 

Ecuador 

ι (Roraima), Ecua-

26) 



Tabela 2. continuação. 

Species Region where used 

Telitoxicum Mold. 

T. minutiflorum Brazil (western Amazonas) 
Τ. peruvianum Peru (Loreto) 

Cissampelos L. 
C I , ovalifolia Guyana 
Ci . pareira Ecuador (Napo-Pastaza) 

Later annotations can be traced via the 18th and final supplement on American Menis -
permaceae by Krukoff & Barneby (Phytologia 51: ^58-^62 (1982). 

b This is the correct spelling of the genus name (Sandwith, 1955) and was the one final ly 
adopted by Krukoff in his later publications. 

c Here, there is the possibility that the plant collected may have been confused by the 
botanist's informant with Curarea toxicofera (Krukoff & Barneby, 1970, pp.16 - 1 7 under 
Abuta so I end ida) . 

d This species, under the above name or Elisarrhena grandi fol ia,used of ten tobe ment ioned 
as an ingredient of the curare produced by the Indians in Brazilian Amazonas. This 
appears to be based on a mis-identification and the plant concerned was almost certa inly 
Chondrodendron 1 imaci i fol Turn, now Curarea candicans. Anomospermum grandi foi i urn has also 
been mis-identified as Ch. polyanthum, now C u . toxicofera (KrukoffSMoldenke,1938,pp, 
71 et seq.). 

Men i spe rmaceae 
With the exception of C i ssampelos, all the Men 1 spermaceae genera (Barneby & Krukoff, 

1971) used in curare are placed in the two tribes Triclisieae and Anomospermeae {see 
Table 2) - character i zed, respect ivel y, by the absence and presence of albumen i η the seeds. 
Over the years, views on several of the species have become modified and in some cases 
this has necessitated nomenclatural changes. Thus, on the basis of di f feri ng flower and 
fruit characters Barneby and Krukoff ( 1 9 7 0 have split the genus Chondrodendron into 
Chondrodendron sensu stricto, with the three species C h . tomentosum ,Ch.platiphyllum,and 
Ch. microphyllum, and a new one appropriately called Curarea, which has four species;Cu. 
toxicofera (tncl. Ch. iquitanum, Ch. polyanthum, ? C h . bioccat), Cu. candicans(inc I . Ch. 
1imaciifoiíum). and the new taxa C u . tecunarum (= C h . 1imaciífoliurn as interpreted by 
Krukoff and his co-workers between 1938 and 1971 (Krukoff & Moldenke, 1938; Barneby 4 
Krukoff, 1971)) and C u . cuatrecasasii. 

The more important Menispermaceae incorporated into curares appear to be Ch.tomen 
tosum, C u . tecunarum, a n d , interestingly, Ci . ovalifolia and C i . pareira. 



Tabela 3. Genera which supply some of the plant additives in South American curares. 

Fam i1 γ Genera 

Annonaceae 
Apocynaceae 
Araceae 
Ari stolochiaceae 
Capparidaceae 
Clusiaceae (Guttiferae) 
Cucurbí taceae 
Euphorbiaceae 
Fabaceae 
Gentianaceae 
Lauraceae 
Phytolaccaceae 
Piperaceae 
Rutaceae 
Sapotaceae 
Solanaceae 
Theophrastaceae 

Annona , Duguetia, Guatteria, Unonopsis, Xylopia 
Ta be r naemontana 
Dieffenbachia 
Aristolochia 
CapparIs 
Caraipa 
Cucurbita 
Euphorbia, Hippomane, Hura 

Lonchocarpus 
Lisianthus 
Ocotea 
Petiveria 
Piper 
Fagara, Erythrochiton 
Pouteria 
Capsicum, Nicotiana 
Jacquinia 

Additives 
While menbers of the Loganíaceae and Menispermaceae are the primary sources of 

activity in curares, from the numerous accounts dealing with the poison it isclearthat 
a variety of other ingredients - among them other plant and anima] products, as well as 
insects - have been included in their composition. It Is not possible to discuss this 
aspect in detail here, but it is worth while drawing attention to certain of the plant 
additives (Table 3 ) . Some, e.g the latex of Euphorbia and the juice of Annona and Guat^ 
teria species, are said to be used as adhesives. But members of the latter two genera, 
like certain of the other additives, also contain alkaloids;they may therefore have their 
own particular activities which can contribute to the overall effect; and the poss i b i 
ty of synergism must not be overlooked. Others, e.g Piper and Capsicum species,are often 
obligatory additives and it is supposed that through the presence of vasodilating con
stituents they help to promote absorption of the curarizing principles from the wound 
made by the dart or arrow. 

CHEMISTRY 
Alkaloid Composition of Strychnos Species 

It is now wel1 understood that the muscle-relaxant activity in Strychnos species 
is due mainly to the presence of bis-quaternary dimeric indole alkaloids, but in recent 
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years these compounds have received comparatively little attention. Most investigations 
have focused on the accompanying range of mono-quaternary bases, which exhibit at besta 
rather weak curarizing action, and dimeric and monomeric tertiary alkaloids,which exhibit 
little or no such activity but may have other pharmacological effects. 

1 Wieland-Gumlich aldehyde 2 

(closed form) 

R = Η 

la Diaboline 2a 

R = CO.CHj 
2b 

2c 

2d 

Wieland-Gumlich aldehyde 
. (open form) 
(= Deacetyldiaboline) 

'R = C H 2 O H 

ΐξ-Deoxy-Wieland-Gumlich aldehyde 
R = C H 3 

Wieland-Gumlich aldehyde metho salt 
(= Caracurine VI1} 
R = CH.OH, ΞΝ*-Γ.Η, 

2 b Í 
18-0eoxy-Wieland-Gumlich aldehyde metho salt 

(= Hemi-dlhydrotoxiferine = OihydrofIuoro-
curarine) 

R = CH_ , E N * - C H , 
3 b 3 

Fluorocurarine 
(= 2 , l6-Dehydro-l8-deoxy-Wieland-Gumlich 
aldehyde metho salt) 

R = CH , — C H , , Δ 2 ( ΐ 6 } 

3 b 3 

The dimeric bases are derived from the three possible combinations of the monomeric 
units Wieland-Gumlich aldehyde [1/2] and 18-deoxy-Wieland-Gumlich aldehyde [2a] or their 
N b-metho salts [2b] and [2c]. Wieland-Gumlich aldehyde (deacetyldiaboline) itself [2] 
has been obtained from a number of species, e.g. S. brachTata (Galeffi et al., 1973), 
S. diaboli, S. solerederi, and S. subcordata, and its N b-metho salt,caracurine VII [2bl 
has been isolated from S. toxifera (Marini-Bettolo & Bisset, 1972). Cf. Table h, which 
lists mainly those alkaloids used by Bauer in classifying curares. 

Bisset 



Table k. Selected alkaloids present in some Strycbnos species used in curares (mostly 
from: Marim'-Bettolo & Bisset, 1972). 

Species Alkaloids 

Section Strychnos 

S. brachiata Wieland-Gumlich aldehyde (Galeffi et al ., 1973) 
S. erlchsooii Diaboline (Marini-Bettolo et al., 1978) 
S, jobertiana Diaboline 
S. nítscherl íchi i C-Alkaloid D; C-calebass i ne, C.-c^raj-ine 

f1uorocurarine 
S. sandw!thiana Wieland-Gumlich aldehyde 
S. solerederi Diaboline, Wieland-Gumlich aldehyde 
S. solimoesana C-Alkaloid D, 0,5¾ C-calebassine, 0,1¾ C-Curarine 

(Marini-Bettolo et al., 1975); C-alkaloids F and G; 
fluorocurarine, diaboline 

S. tonentosa C-Curarine; toxiferine, C-Alkaloid Ε 
S, toxifera Caracurines II and V, bisnor-dihydrotox!ferine; toxiferine 

Section Rouhamon 

S. guianensis C-Curarine 

S. subcordata Fluorocurarine, Wieland-Gumlich aldehyde 

Section Breviflorae 

5. castelnaeana C-Alkaloid D, diaboline (delle Monache et al., 1970) 

Section Rouhamon - Africa 

S. usamba reηsis DihydrotoxΪferine, C-calebassine, C-curaríne;afrocuraríne; 
fluorocurarine (Angenot et al., 1975; Caprasse et a l . , 
1981) 

Section Strychnos - Asia 

S. ignatii Toxiferine-type and/or caracurine-type bases; 
bisnor-toxiferine (Bisset e t al., 1977) 

The monomers readily undergo dimerization. Thus, heatingWieland-Guml ichaldehyde 
[1/2] in acetic acid-sodium acetate or pivalic acid leads to the formation mainly of 
caracurine V [3] together with a little bisnor-toxiferine [k]. On heating caracurine V 
in acetic acid in the absence of oxygen or its hydrochloride salt in distilled water at 
pH 6.7 it isomerizes to bisnor-toxiferine; brief warming with methanolic ^ hydrochloric 
acid reverses the process. Similarly, with the corresponding N^-metho compound [2b], 
under very mild acid conditions an equilibrium is set up which lies predominantly on the 
side of the toxiferine [lie] . 
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Via 

2 b / 2 c 

C H " . 

Bis-tertiary base: 
3 Caracurine V 

4a 

Bis-tertiary bases: 
Βisnor-dihydrotoxiferine 

R = Rj = C H 3 

Bisnor-C-alkalold Η 
R = CH- , R. = CrLOH 

Bisnor-toxiferine 

is-quaternary-Jsases [2 χ N^-CH^ 
Dihydrotoxiferine 

R - R. = CH 3 
C-Alkaioid Η 

Tox ΐ fer i ne 

Acid hydrolysis of dihydrotoxiferine [4c] under oxygen-free conditions yields the 
metho salt of 18-deoxy-Wieland-Guml ich aldehyde (= hemi-dihydrotoxiferine = dihydrofluce 

curarine [2c] and treatment with dilute acetic acid converts It back tb the dimer. 



CH,R 

C-Curarine 
C-Alkaloid G 
C-Alka!oid ε 

C H 2 R 

CH 2 R 

C-Alkaloid D 

C H 2 R 
CH 2 R 

OH 
III Η C H 2 R 

C-CaIebass i ne 
C-Alkaloid F 

CH R 

D i hyd rotox i f er ί ne ''̂ ^ ^2' ̂ 3 
C-Alkaloid Η 
Tox i fer i ne 

0 — CH2 

Curacur i ne II 
d i me tho salt 

R = Η and/or OH 

, 2. Effect of heat, light, and acid, in the presence of oxygen, on the 
Strychnos alkaloids. 

These dimeric compounds readily undergo further chemical change, depending on the 
conditions of pfi and heat and on the presence or absence of oxygen. In the presence of 
wjgen, the central ring of the dimeric bases undergoes changes in oxygenation level 
Isee Fig. 2). Thus, toxiferine gives rise to caracurine 11 dimetho salt, C-alkaloid Ε 
Jnd C-alkaloid A; while dihydrotoxiferine furnishes C-alkaloid Ü, C-curarine, and C-
«lebassine, as wel 1 a s e number of further oxidation products of as yet unknown structure. 
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The hybrid C-alkaloid Η [*td] yields C-alkaloids G and F . Although, as indicated above, 
dihydrotoxi ferine (and also toxiferine and C-alkaloid H) can be cleaved with acid into 
the corresponding monomers, the more highly oxidized derivatives undergo a series of| 
i somer i zat i ons i nstead. 

On heating at 60° with concentrated hydrochloric acid for 5 hours, C-curarlre 
breaks down to, among other things, f 1 uorocurarine [2d], a frequent component of tht 
alkaloid mixtures from Strychnos species, e.g. S. trinervis, S. solimoesana,S. subcorda 
ta, S. tomentosa, etc Cf. Table k. 

With ordinary methods of extraction, i.e. using acid, it is usually not poss 
to isolate bisnor-dihydrotoxiferine [k], because, in addition to being cleaved to lfi-| 
deoxy-Wieland-Gumlich aldehyde (nor-hem id i hydrotox i fer ί ne = nor-d ι hydrof 1 uorocurarine 
[2a], it is highly labile and readily isomerized and oxidized. 

A more detailed treatment of the cleavages, ox i dat ions , and i somer i zat i ons discui 
briefly in the foregoing paragraphs is given by Gorman et al . (1971). Their occurrence | 
makes it abundantly clear why the alkaloid composition of extracts from Strychnosspec 
and from curares prepared with them are so complex. Since, according to Bauer (1962/6; 
aqueous solutions of curares tend to be acid, with pH values ranging from A .5 to 6.0' 
is not surprising that considerable changes in the alkaloid compos i t i on take place durii 
the long boiling that most methods of preparation require for concentrating the poisofl 

As regards artefact formation, dimers that are readily formed from monomeric pi 
cursors under mild conditions are obvious candidates. Among the examples ci ted by Gonn| 
et al . (1971) are di hydrotox Ϊ fer Ine [kc] and toxiferine [ke] ; since 18-deoxy-Wieland-
Gumlich aldehyde metho salt [2c] dimerizes so rapidly to d ihydrotoxi fer Í ne, the ί solatia) 
of the latter compound from an extract is no proof of its occurrence in nature.However, 
these authors also suggest - although the grounds on which they do so are clear - thai 
the presence of C-ca1ebassine as a main alkaloid does indicate the natural existent* 
of d ihydrotoxi fer i ne. C-alkaloid Ε and C-curarine are readily formed by ox ida t ion under 
mild con d 11 i ons f rom tox i fer i ne and d ί hyd rotox ifer ί ne, re spec t i vel y , but are cons iderei 
to have been isolated under conditions which do not suggest that they are artefacts. 
However, control experiments to test these suggestions have not yet been carried out.In; 
this connection it is of interest to note that Biocca et al. (1965) have identified^ 
curarine as one of the principal bases in a sample of arrow-tip curare, wh i ch i s usuall| 
produced under relatively mild conditions. 





ALKALOIDS OF THE MENISPERKACEAE 
Alkaloids of the Triclisieae - Chondrodendron, Curarea, and Sciadotenia 

It has long been recognized that the alkaloids occurring in Chondrodendron and 
Curarea species are bisbenzylisoquinolines. A variety of bis- and mono-quaternary and 
bis-tertiary derivatives have been found, in which the two halves are joined head-to-tail 
through two ether linkages: in the curine skeleton between 8-12' and 11-7' [cf. 5] and 
in the isochondrodendrine skeleton between 8-12' and 12-8 1 [cf. 7 ] . A g a i n , it is the 
quaternary derivatives that are the main active principles. Cf. Table 5. 

Table 5- Occurrence of bisbenzylisoquinoline alkaloids in Chondrodendron and Curarea 
species. 

Plant 
Alkaloids present 

part 

C bond roden d ron 

C h . platiphyllum 

Ch . microphyllum 
Ch. tonentosum 

+)-Isochondrodendri ne,(+)-curine 
-)-Curine 
+)-Isochondrodendri ne,(-)-curine 
(-)-chondrofolίne 

+)-Isochondrodendri ne,(+)-curine 
+) - and/or (-)-Tubocurarine, 
(+)-chondrocurarine,(+)-and/or 
(-)-curine, {+)-chondrocurine, 
tomentocurine, cycle 
N-benzylphthalimide 

King (191(0) 
King (1940) 
King (1940) 
Baldas etal .(1971) 
King (1940) 
Bick& Clezy (i960) 
Dutcher( 1946,1952) 
King (1947,1948), 
Wintersteiner & 
Dutcher (1943) 

Cu. candicans 
C u . tax i cofe π ι 

Cu. tecunarum 

(+)-Curi ne, (+)-isochondrodendr i ne 
(-)-Curine, (-)-chondrocuri ne, 

(+) -i sochondrodendri ne 
(+) -1sochondrodendrine, 2 other 

bases 

King (1940) 
Cava et al .(1969) 

Barltrop & Jef
freys (1954) 

1 = leaves, r = root, st = stem, w • wood. 

In recent years there has been little advance in our knowledge of the alkaloid 
composition of these plants, and the only reported natural source of (+)-tubocurarine 
[6] is still the single species Ch. tomentosum. A second noteworthy point is the proof 
well established by n.m.r. (Everett et a l . , 1970; Koike et a l . , 1981) and X-ray crystaj_ 



tcgraphic (Codding & James, 1972; Reynolds et al . , 1975) studies, that this compound Is 
amono- rather than a bis-quaternary alkaloid [ 6 ] ; this structural revision has necessi 
lated some adjustment to the theoretical understanding of the mechanism, of its muscle-
ftlaxant act ion. 

8 Sc i ado 1i ne 
8a Sciadoferine Δ 3 

Sciadotenia toxifera has furnished several b i sbenzy 1 i soqu i noi i ne der i vat i ves with 
ísochondrodendrine skeleton [71- These include such compounds as sciadoline [8] and 

tadofer ine [8a] , with an Τmino grouping, as we 1 1 as bases of the (R,R) series, like 
chondrodendrine [7] itself, and of the (S,R) series, like sciadenine [7a] (Galeffiet 

I978; Takahashi & Ccva, 1 9 7 6 ; Takahashi et al . , 1 9 7 6 ) . 
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3 Peinamine (S_, R) 

1 O Macol i ne (fí, s) 

Alkaloids of the Anomospermeae - Abuta, Anomospermum, and Telitoxicum 

Perhaps the most significant find in regard to the genus Abuta is the ϊ so 1 at ion by 
Gal ef f ί and Mar in i -Bettolo (1977) from the stem wood of Ab . gr I sebachi i, in add ί t ion to 
the main bis-tertiary base peinamine [ 9 ] , of the monoquaternary macoline [10] and Its 
7-0-demethyl and N-methyl-0-demethyl derivatives. Since peinamine has also been obtains) 
from an arrow-tip curare, it is very likely that the curare was made with material of 
this plant (Galeffi et al., 1977a, b). In contrast with the alkaloids discussed in Μ 

previous section, these compounds have the two benzyl i soqu i nol i ne moieties joined head-
to-head and tail-to-tail through an 8 - 7 ' and an 1 1 - 1 2 ' or 1 2 - 1 3 ' ether br i dge, respective 



O C H 3 

H 3CO 

H 3 C O - ^ 

OCH 3 

O C H 3 

O 
13 Grandirubrine 

14 Saülatine 

The other Abuta species listed in Table 2 have also been investigated, and they 

have been shown to contain a variety of other dimeric bases (Ahmad & Cava, 1977;Cava et 

oxoaporphines (Cava et al ., 1972, 1 9 7 5 b ; Gl ick et al . , 19&9; Skiles et al . , 1979), such 

as imenine [11], and azaf1uoranthenes (Cava et al ., 1972, 1975b), among them rufescine 

[12]. More recently, the tropoloisoquinoline grandirubrine [13] has been obtained from 

[he species Ab. grandifolia (Menachery & Cava, 1980) and an isohomoprotoberbéríne saüla 

tine [1¾] has been isolated from the roots of Ab. bullata (Hocquemi 1 ler et al . , 1984). 

Although Anomospermum grandifolium contains quaternary alkaloids with curarizing 

activity {King, 1948), contrary to the assertion of Guha et al . (1979) none of them has 

been i den t i f ied. 

The only species of Telitoxicum that has been investigated,T.peruvianum, contains 

oxoaporphines and azaf 1 uoranthenes which are the same as or similar to those occurring 

in Abuta species (Menachery & Cava, 1981). 

Alkaloids of the Cocculeae - Cissampelos 

So far, only bis.tertiary bisbenzy1isoquinolines with the two ha Ives arranged head-

to- ta i 1 and joi ned through 8 - 1 2 ' and 12-7' ether br idges have been found in Cϊssampelos 
Ovalifolia (Snedden et al., 1970). On the other hand, most of the bisbenzyl isoquinol ines 
present in CÍ. parei ra are cur ine der i vat i ves and among those isolated are 0 .3¾ (-)-ourine 

[5] and a small amount of (+)- 12-0-methv1 curine [5f] (Haynes et al., 1966;see also:Guha 

et al., 1979) . 

ALKALOID-CONTAINING CURARE ADDITIVES 

Alkaloids, mostly isoquinoline derivatives, are found in several other plants 

entering into the composition of curares, and this has to be borne In mind when as

sessing the possible contribution these ingredients may make to the overall effects of 

the curares into which they are incorporated. The topic requires more space than can be 

devoted to i t here. 

In the case of the five genera of Ànnonaceae listed in Table 3 they are known to 

contain a broad range of such compounds. Thus, Annona and Xylopia have berberines and 
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al., 1969; Saã et al., 1976), all of which are bis-tertiary compounds, as well as 



tetrahydroberberines ,a long wi th benzyl i soqu ίno! i nes and several groups ofaporphinoids; Du-
guetia spec ies are a 1 so known to have aporphi no ids presente (The Al I a loi ds, 1 9 7 1 / 8 3 ) . Several 
species of Guatteria have been examined and, in addition to the presence of various 
tetrahydroberberines and aporphinoids (Hocquemi 1 1 er et al . , 1983), the stem bark of one1 

of them, G. megalophylla, has been found to contain (+) - 1 sochondrodendr i ne [7], (-)-)21 

-O-methylcurine [5e] , and £,0^dimethy1curine [5g] (Galeffi et al., 1975) .G .venef iciore 
originally described by von Martius as an adjunct to the curare of the Jurf ,a now ex tina 
western Amazonian tribe, has since been transferred to the genus Unonopsis, representa 
tives of which have recently been shown to contain (-)-curine [51, as well as a benzyl 
isoquinoline and tetrahydroberberine and several aporphinoids and phenanthrenes (Eltohani 
et al . , 1 9 S M 

Numerous species of Tabernaemontana, a genus which belongs to the Apocynaceae,have 
been examined and an enormous variety of indole alkaloids, some of which are hlghlyl 
active pharmacologically, have been isolated. A detailed review has recently appeared 
(Van Beek et al., 1984). 

The Ar i stoloch iaceae contain a mixture of alkaloids comprising aristolochic acids 
ar i stol actams , and related compounds, as well as phenanthrenes, aporph i noi ds ,and dioxoa 
porphlnes (The Alkaloids , 1 9 7 1 / 8 3 ) . 

Ocotea, of the family Lauraceae, is one of many genera which are rich sources of 
various groups of isoquinoline alkaloids; and the fruits of one species,0. venenosa,pro 
vide an ingredient for one of the arrow .poisons preparaed by the Kofãn Indians of eastern 
Ecuador and Colombia. The seeds and bark of this species contain at least eight alka

loids. These include rodiasine [15] and a demethyl derivative, which, unlike the other 

dimeric isoquinoline bases mentioned so farVhave an 8-7'-ether bridge and an 11-111-

biphenyl bridge joining the two halves (KosVermans et al . , 1969; Murthy & der Hardero-

sian, 1973). Other Ocotea species contain benzyl i soqu i nol ines , morphinans, and various 

aporphinoids (The Alkaloids, 1 9 7 1 / 8 3 ) . 



PHARMACOLOGY 

It is not possible within the limits of the present paper to dom o r e t h a n briefly 
discuss a few selected aspects of the pharmacology of the active principies present in 
curare. The role of the poison and its alkaloids in the development of modern muscle-
relaxants is also considered. 

Toxicity of Curares 
Over a period of almost 20 years, Bauer (1962/63; 1965a, b; 1969; 1971a, b; 1981) 

and Bauer & Fondi (1962) have determined the head-drop and lethal doses inwhitemice of 
more than 100 museum samples of curare covering most of the region where the poison is 
made. Their findings are summarized in Table 6. 

Table 6. Head-drop and lethal doses of curares in the white mouse (Bauer,1962/63; 1965a, 
b; 1969; 1971a, b; 1981; Bauer & Fondi, 1962; Biocca et al. , 1965). 

Type of curare Head-drop Lethal dose 
(Main alkaloids) dose mg/kg mg/kg 

Calabash 

C-Curarine/C-calebassine 2-10 >2-15 
Toxiferine 2 a 

Tubocurarine 1-10 

Pot 

C-Curarine/C-Calebassine 0.2-15 4-20 
<iferine 0.5-1 0.8-6 

Toxiferine/tubocurarine 0.5-4 1-6 
Tubocurarine 1-15 2-25 

C-Curarine/C-Calebassine 5 10 
Tubocurarine 2.5 a 5 

Arrow-t ip 

C-Curarine/C-Calebassine 1.0-1.2 2.75-5 

Results from only one sample. 

Curares containing toxiferinetend to be the most active and, usually, those whose 
main alkaloids are C-curarine/C-calebassine or (+)-tubocurarine are somewhat less active, 
it is also noteworthy that the (two) samples of arrow-tip curare tested are among the 
strongest poisons. Some of the oldest curare samples examined still rank with the most 
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powerful. Thus, two samples of toxiferine-based poison from the western Brazi1ianAmain 

region, one a Jurf I ndian product col 1 ected by von Marti us in 1820, and the other a Mayoruna 

Indian preparation obtained by Natterer in 1830, were assayed by Bauer and Fondi (1962) 

and found to have an L D J 0 0 in white mice of, respectively, 1 and 0.8 mg/;kg. A calabash 

curare from southern Venezuela, of Mainatari origin, also collected by Natterer In 1830 

proved to have C-curarine/C-calebassine as principal alkaloids and an of 4 mg/kg. 

Bauer (1971a) examined a sample of the famous Tikuna curare, collected by de Castelnau 

in 1846, and determined L D ] 0 Q 1 mg/kg; the product contained mainly Chondrodendron alka 

toids, Including (+)-tubocufaf(ne, along with some toxiferine and other Strychnos alka 

loids (Bauer, 1971b; delle Honache et al., 1970). 

It is often asserted by the Indians themselves that curare must bè stored under 

dry conditions if it Is to keep its activity; and it is believed that curarefilled into 

pots, allowed to dry, and then well sealed does not lose its activity as readily as do 

the softer and more paste-like or syrupy products that are poured into calabashes or 

bamboo tubes (vellard, 1965). The findings of Bauer and Fondi (1962) cited above con

firm that curares kept under dry conditions are very stable and do not lose theiractivi 

ty. Although a number of experiments carried out by them to determine the effect of hu

midity on.curare did not demonstrate any drop in activity, It seems likely that the ex 

perimental period - 30 days at 100¾ humidity - was not long enough, partίcular 1y wi th cu 
rares that were already hard and dry. 

A number of authors (Biocca, Lazzarini Peckol t) have at tr ibuted part icul ar functions 
to certain of the components added during the preparation of curare.It has been suggested 
for example, that some of them aid liberation of the alkaloids and that others augment 
the activity by bringing about N-methy1 atIon and hence the formation of additional 
quaternary ammonium groups. That this is not always necessary is amply demonstrated by 
certain Yanomano and Nambikuãra curares, as well as the Chondrodendron curare produosd on 

a large scale in Peru in the basin of the river Huallaga, all of which derive from 

material of a single plant (Galeffi et al . , 1977a; Vellard, 1365). 

Table 7- £f feet of raethy 1 -iodide t reatment on the tox ici ty of quaternary-alkaloid extracts 
in white mice (Hariηi-Bettolo et a l . , 1967). 

hater!al LD i.v. before Wei treatment 
nq/kq 

LD i.v. after Mel treatment 
mq/kq 

Maku curare 
(Chondrodendron-based) 0.3 0.3 

Wood of Chondrodendron sp. 25 . 0 a 1.25 
Yanomano curare 

(Strychnos-based) 1.2 2.5 
Bark of Strychnos sp. 0.3 1.25 
a The alkaloids had been extracted 20 years previously. 

Alkaloids freshly isolated from wood of the same batch after storage at ambient temper 
ature for 20 years had LD i. v. }0. OrogAg before and after methyl -iod ide treatment, indicating" 
thatperiodof timethe wood had 1 ost a cons i derab I e proport ion of its active principles. 



As shown in Table 7 , Mariηi-Bettolo et al. (1967) found that t h e quaternary bases 
a sample of Maku curare from the upper R. Negro were about 100 χ as toxic as those 
cted d Í rect1y from the plant material. Evidently, the procedure used in making the 

e i s respons i b 1 e for this huge i nc rease in act i ν Ϊ ty. At tempted Ν -methy 1 at i on of 
wo quaternary-base extracts did not change the toxicity of that from the curare but 
'"t about a 20 χ increase in that f rom the plant material. Seemingly, there is a 
derable proportion of mono-quaternary (or bis-tertiary) bisbenzy1isoquinolIne alka 
still present which can undergo quaternization. On t he other hand, there were re 

ely minor changes in the toxicities of t he quaternary-alkaloid fractions from a 
no curare from the R, Cauaburi and from the Strychnos bark used in its preparation, 
ears that there are little or no mono-quaternary (or bis-tertiary) dimeric indole 
present that are able to undergo further methylation. 

MUSCLE-RELAXANT ACTIVITY OF CURARE ALKALOIDS 

The bis-quaternary dimeric alkaloids found in Strychnos species (see Fig. 2) are 
•Highly ac t i ve muse 1 e-re 1 axants : the th ree parent bases - d i hyd ro t ox i f er ί ne , C-a 1 kal oi d 
Brand toxiferine - cause head-drop in mice at i.v, dose levels of, respectively,30,16, 
•and 9 mcg/kg; while the three compounds with the 2 , 2'-oxide function - C-curarine, C-
ifllkaloid G, and C-alkaloid Ε - are even more active and require 3 0 , 5, and h mcg/kg. In 
pntrast, the C-ca1ebassine group of derivatives have considerably less actίνity.Withiη 
!Íach set of compounds the most polar member is also the most powerful, '-^^jq ^ o r these 
Compounds is generally about twice the head-drop dose (Waser, 1 9 7 2 ) . 

The b i sbenzy1ΐ soqu ί no li ne a 1ka1 oi d (+)-tubocurar i ne , now recogn i zed as a mono-
quaternary compound [6], is less active than the parent bis-quaternary indole bases and 
|thas a head-drop dose in the mouse of about 100 mcg/kg (Waser, 1 9 7 2 ) . For man, the 
head-drop dose is about 150 mcg/kg. In the 0 ,0 ' -d i methy 1 der i vat i ve che potency is raised 
by a.factor of 1.5 - 3 and in the Ν , 0 , 0 1-tr imethy 1 compound, metocurine [6c], by a factor 
of 2-3. The weak activity exhibited by (-)-tubocurarine [6a] emphasisez the importance 
of steric factors in the interaction with the receptors. Β ΐ s-quatern i zed (+) - i sochondro 
iendrine [cf. 71 also shows little activity (Waser, 1 972) . A I though a b i s-tert iary a 1 ka-
fiiW, rodiasine [15] is reported to exhibit neuromuscular effects similar to those of 
(f)-tubocu rar ine (Murthy & der Marderos ran, 1 973) . 

Mechanism of action 
I The mechanism of action of toxiferine and (+)-tubocurarine and related compounds 

Bjjof the competitive or non-depolarizing type, i.e. they compete wi th acetylchol ine for 
ftcognition sites on the acetylcholine receptor channels. Each channel has two binding 
riites; and while the channel will open when only one site is occupied by an agonist, it 
B i w r e likely to do so when they are both occupied. However, these recognition sites 
^•relatively non-specific, since not only agonists but also antagonists can bind to 
Ben). Such substances, e.g. ( + )-tubocura r i ne and related compounds , uni i ke acetylcholine 
lib not bring about opening of the ionic channel. In addition to binding to and blocking 
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the recognition sites, they can also block open ionic channels. See further :Caval litfl 
( 1 9 6 0 ) , Lambert et aí. ( ! 9 8 3 ) , W r a y (1980). 

The bis-quaternary indole alkaloids have a rigid cage-like structure and 
case of curarine (cf. Fig. 2 ) , one of the pha rmacol og i ca 1 1 y more act i ve bases, the d i starflij 
between the two quaternary nitroqens is 8 . 5 0 A (Jones & Nowacki, 1 9 7 2 ) . 

( + )-Tubocurarine [6] in acid solution, and in the body, is protonated; it is therefore I 

able to function as a doubly charged cation and is the reason why its neuromuscular! 
b1ock i ng potenc y is pH-dependent. X-Ray c rys ta1 1og raph i c stud i es have shown thar 
conformations adopted by (+)-tubocurarine in the dichloride (Codding & James, 1972) 

dibromide (Reynolds e t al . , 1975) sa?ts are somewhat different, with the inter-onii 
distance fixed at 10.7 Â and 8 .97 A, respectively. The aromatic ringsof the two benzy 
moieties are oriented perpendicular to the tet rahyd ro-ί soqu ι nol ΐ ne r i ngs. N.m.r. work 
various curine derivatives, including (+)-tubocurarίne dichloride, indicates that 
solution the disubsti tuted benzene r i ng has some degree of rotat 'iona 1 freedom un) i ke th 
tri subst i tuted one which is fixed because of its meta-attachment .The solution conforme 
ion of the dichloride is similar to the crystal conformation determίned for the dibromiij 
and the Ν ,0 ,0,' - tr i methy 1 ated derivative metocurine [6c]. This has an almost en t i rely 
hydrophobic concave surface and a hydrophílfc convex surface with the six ether oxygens 
lying along a fold which divides the molecule into two halves (Sobell e t al., 1972) 

The mo 1 ecu lar d ί spos ition of these bi s benzy 1 i soqu i nol i nes in v i v o i 5 not known ;and 
while it is probable that it is the hydrophilic side that will become f ΐ xed to the prateio 
of the receptor site, simultaneous attachment of the two charged nitrogen atoms appears 
unlikely, since they are on opposites sides of the molecule. The a 1 ternat i ve suggestion 
has been made that the protonated nitrogen could exert an e I ect rostat i c repu 1 s i on onacE|!| 
choline (cf. Reynolds et at., I cj 7 S) 

Soine and Naghaway (197*0 have prepared (+)-isotubocurarine [6d] ί η which, as cemparei 
with ( + ) - tubocurar ine, the pos itions of the quaterni zed and tertiary ni t rogens are re' 
versed . The neu romuscu lar bl ock i ng ac t ί ν i ty , determ i ned in the cat tongue-hypoglossal 
nerve preparation, is ca. 0.03 mg/kg for the iso-compound and ca. 0 . 0 7 mg/kg for 
tubocurarine itself. The difference is receptor-re 1 ated and not due to preferent ial ftjfl 

bition of acetylcholine. It is concluded that situating the quaterni zed f unct i on next 
to the S-centre endows the molecule with greater potency; also these authors question^ 
role of protonation of the tertiary amine moiety. 

SYNTHETIC MUSCLF.-RELAXANTS 
N o n - d e p o l a r i z i n g drugs 

Modification of the highly potent toxiferine molecule by replacing the two ^ 
methyl g roups with N^-allyl functions produced the semisynthetic compound a I cu i'onium 0 

alloferine ( G o r m a n et al , , 1 9 7 1 ; Schlittler, 1971) which is in use as a shor t -1 ast i rig. 
muse 1e-relaxant in ni n o r surgery; it is somewha t more potent than ( + ) -tubocu ra 

The original f ormu 1 at ion of C + i - tubocu rar ine as a bi s-quaternary al ka 1 oi d ,a structii' 
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now known to be that of chondrocurarine [6b] , focused attention on this typy of compound 
and through the early work of Bovet and others (see: Bovet, 1959) led to the,_ successful 
introduction into c1iηica1 practice of the synthetic gal lamine triethiodide or flaxedil 
[16], a muscle-relaxant of moderate duration - a so-called pachycurare; it is still in 

, O C H 2 C H 2 N C H 2 C H 3 

\ ^ ^ — O C H 2 C H 2 N C H 2 C H 3 

^ 0 C H 2 C H 2 N C H 2 C H 3 

16 Gal lamine (Flaxedi1) 

( C H 3 ) 3 N - ( C H 2 ) T O - N ( C H 3 ) 3 

17 Decamethoniurn 

( C H 3 ) 3 N - ( C H 2) 20C0 - ( C H 2 ) 2 C O - O ( C H 2 ) 2 —N(CH 3 : 

Suxamethon i um 

Depolarizing drugs 
Simpler molecules with two positively charged centres like decamethoniurn [ 1 7 ] and 

esters of the suxamethonium (or succinylchol ine) type [18] and their analogues were also 
shown to be muscle-relaxants (Bovet, 1 9 5 9 ) , but with a rather short period of action 
(so-called leptocurares) . Both decamethon 1 urn and suxamethonium have been used in su rgery ; 
and while decamethon i urn has been 1 argel y superseded , suxamethon i urn because of its brief 
jiiration of action - a few minutes only - is still used in minor surgical procedures. 

Compounds like decamethoniurn and suxamethonium operate by adepo1 ar \ zing mechan ί sm 
i.e. by mimicking the effects of acetyl chol ine ί tself, which when present for long enough 
Un high concent rat Ion causes blockade by prevent i ng act ion potent i al s being propagated away 
from the zone surrounding the motor end-plate. In the case of acety 1 chol i ne ,hydrol ys i s 
bychol inesterases soon puts an end to its effects, but decamethonίurn and suxamethonium 
are more tightly bound to the receptor and they are more res ί stant to hydro I ys ί s . In homo 
logues of these two compounds, particularly when N-methyl groupsare successively re
placed by Η-ethyl groups, the depolarizing mode of action may gradua 11y g ί ve way to a non-

arizing mechanism (Bowman & Rand, 1980). 
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Some more recent developments 
A m o n g t h e g e n e r a l l y r e c o g n i z e d r e q u i r e m e n t s f o r a m u s e 1 e - r e l a x a n t f o r use in surged 

( B o w m a n & R a n d , 1980) a r e t h e f o l l o w i n g : 

1. It s h o u l d b e n o n - d e p o l a r i z i n g , i.e. c o m p e t i t i v e , in a c t i o n ; in o t h e r words, 

s h o u l d b e c a p a b l e o f b e i n g d i s p l a c e d b y l a r g e d o s e s o f the natural neurotransmittil 

a c e t y l c h o l i n e . T h i s a l l o w s t h e a n a e s t h e t i s t f u l l c o n t r o l in reversing 

b l o c k a d e , a n d h e n c e t h e m u s e 1 e p a r a I y s i s , in a n e m e r g e n c y o r a t t h e end of Sr| 

o p e rat i o n . 

2. It s h o u l d h a v e a h i g h s p e c i f i c i t y f o r t h e n e u r o m u s c u l a r j u n c t i o n a n d it shoul(| 
n o t e x e r t c a r d i o v a s c u l a r e f f e c t s . 

3. A r a p i d o f a c t i o n is d e s i r a b l e f o r u s e in e m e r g e n c i e s . 

h. C o n s i s t e n c y o f r e s p o n s e is i m p o r t a n t , w i t h a c o m b i n a t i o n o f s h o r t duration 

a c t i o n , n o n - c u m u l a t i v e r e s p o n s e o n r e p e a t d o s e s , a n d r a p i d r e c o v e r y .wfiichshoulji 

n o t b e a f f e c t e d by t h e c l i n i c a l s t a t u s o f t h e p a t i e n t . 

T h e s e c r i t e r i a d e m o n s t r a t e a c l e a r p r e f e r e n c e f o r m u s c l e - r e l a x a n t s o f the ncn-

d e p o l a r i z i n g t y p e . T h o s e w i t h a d e p o l a r i ζ i n g - t y p e o f a c t i o n t y p e s u f f e r f r o m a numbsfj 

o f d i s a d v a n t a g e s : l i k e a c e t y l c h o l i n e , t h e i r i n i t i a l r e s p o n s e b e f o r e p a r a l y s i s sets III 

to s t i m u l a t e m u s c l e c o n t r a c t i o n a n d t h i s c a n c a u s e s e v e r e p o s t - o p e rat i v e m u s e ! e-pain ant; 

c r a m p . It a l s o m e a n s t h a t t h e r e is a p r o l o n g e d p e r i o d d u r i n g w h i c h t h e m u s c l e is unablij 

to r e s p o n d to s t i m u l a t i o n a n d t h e e f f e c t s o f t h e m u s e 1 e - r e 1 a x a n t a re n o t r e a d ! 1 y reversa! 

by a n t l c h o l i n e s t e r a s e s s u c h a s n e o s t i g m i n e . 

I n c r e a s e d k n o w l e d g e o f t h e s t r u c t u r a l r e q u i r e m e n t s f o r n o n - d e p o t a r i ζ ί ng rteuromgsj 

l a r - b l o c k i n g d r u g s h a s l a i d t h e b a s i s f o r a l e s s e m p i r i c a l a n d m o r e p o s i t i v e approach 1 

t h e d e s i g n of s u c h d r u g s . T h u s , I-n s t r i v i n g to p r o d u c e s e c o n d - a n d th i rd-generatiorj 

m u s c l e - r e l a x a n t s w h i c h w i l l f u l f i l t h e a b o v e c r i t e r i a t h e f o l l o w i n g d e s i g n features 

a m o n g t h o s e w h i c h h a v e b e e n t a k e n i n t o a c c o u n t ( B o w m a n & R a n d , 1980) : 

1. A m m o n i u m , I.e. q u a t e r n a r y n i t r o g e n , r a t h e r t h a n o t h e r o n ί urn f u n c t i o n s , as thev 

a f f o r d g r e a t e r b l o c k i n g p o w e r . 

2. B i s - r a t h e r t h a n m o n o - q u a t e r n a r y s t r u c t u r e t e n d s to b e m o r e p o t e n t . 

3. T h e t w o n i t r o g e n a t o m s s h o u l d b e s e p a r a t e d by a d i s t a n c e o f a b o u t 11 A to gí«j 

m a x i m u m n e u r o m u s c u l a r - r a t h e r t h a n g a n g l i o n - b l o c k i n g p o t e n c y . 

A . B u l k y m o l e c u l e a n d b u l k y s u b s t i t u e n t s o n t h e n i t r o g e n s in o r d e r to favouramfc 

d e p o l a r i z i n g m o d e o f a c t i o n , 

5. I n c l u s i o n o f a c e t y 1 ch o l ί ne-1 Ϊ k e m o i e t i e s t o a l l o w h y d r o ) y s i s a n d also to i ncreai 

a f f i n i t y f o r t h e a p p r o p r i a t e r e c e p t o r s . 

A n o t h e r S o u t h A m e r i c a n p l a n t t h a t h a s p l a y e d a s m a l l b u t s i g n i f i c a n t part ί π th; 

d e v e l o p m e n t o f p r e s e n t - d a y m u s c l e - r e l a x a n t s is guachamaca. M o s t r e p o r t s o n this plant, 

w h i c h h a s t h e r e p u t a t i o n o f b e i n g v e r y d e a d l y , h a v e c o m e f r o m d i f f e r e n t p a r t s of VSM 
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luela, and it was tentatively identified about a century ago as a species of Halouetia 

[ftpocynaceae); more recent gatherings of the plant have been assigned to Halouetia as 

well as to Tabernaemontana (also Apocynaceae) (Bisset, 1958*, Khuong-Huu-La i né et al . 

1965). There is in addition one report, by Crevaux ( 1883 ) and based on hearsay infor 

ration he obtained in 1 8 8 1 , that Saliva Indians living on a tributary of the Rio Vichada 

in Colombia used the violent poison guachamacã" on their arrows. 

Early work on guachamacã led to the isolation of an alkatoidal substance with cu

rare-like properties (Bisset, 1 9 5 8 ) . Most species of Malouetia are found in tropical 

South America, but there are 2 - 3 species which occur in Central Africa; and. from one of 

these, H. bequaertiana from Zaire, a bis-quaternary steroidal base malouetine [19] has 

been obtained which in the rabbit elicits head-drop at ED,-g 0 . 1 5 mg/kg - a dose level 

iimilar to that of (+)-tubocurarine (Khuoung-Huu-Lainé & Pinto-Scognamigl io, 1 9 6 4 ) . Al 

though South American Malouetia species are indeed known to exhibit muscle-relaxant ac 

•tivity, none of the compounds responsible has yet been isolated. 

C H 3 

f -N + (CH 3>3 

(CH 3 ) 3 N 

19 Malouetine 

C H , C O-0 

20 Pancuronium R] = CM R 2 = CO.CH^ 

20a Dacuronium R] = CH^, R ? = Η 

20b Vecuronium (ORG NC ks) = H, R 2 = C0.CH 3 

In attempting to satisfy these desiderata, comparison of a steroid derivative known 
a moderate degree of neuromuscular blocking activity,and having 3a-acetoxy and 
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2R-N-methylpiperidinium subst i merits simulating an acetylcholine moiety, with the semi
rigid structures of {+) - tubocu ra r i ne [6] and mal ouet i ne [ 1 9 ] suggested that add it ion of j 
second simulated acetylcholine moiety in ring D would improve improve activity (BuckeU 
et al. , 1973) .Such considerations culminated in the synthesis and devetopmentof pancuronia 
[ 2 0 ] , the required dose of which is about one-fifth of that of (+)~tubocurarine. In In 

the bulk is supplied by the steroid skeleton, which also situates the ni trogen functions 
at about the correct distance from each other, and bulky substituents and acetylcholIne-
like moieties are provided by the N-methy 1 ρ ί per í d ΐ π ΐ um groups. Among the newer drugs of 
this type are the bis-quaternary dacuronium [ 20a ] and the mono-quaternary vecuronius 
[20b] (Bowman, 1980; Symposium, 1980; Tannίères-Ruffíé & Vourc'h, 1983). 

Following on from laudexium [ 21 ] , wh ich I s model led more dt rectly on the (+)-tubo* 

curarine molecule, is the more recent atracurium [ 2 1 a ] . Stenlake ( 1 9 8 2 ) has given 'M 

account of the reasoning which led to the development of this molecular structure. ThtJ 

compound is used in the form of its benzenesu 1 phonate (besylate) salt, and it achieves 

full neuromuscular block in man with 0 . 2 5 - 0.30 m g / k g . The compound is a s i g n i f f s H 

advance in that cardiovascular side-effects are minimal and it can be used in patients 

with serious hepatic and renal dysfunction. The drug combines features of a suxametfWnH 

homologue with the bulk of two quaternary benzyli soqui noline subst i tuents. Its period OF 

action is self-limiting, since in the body tissues, in addition to enzymatic ester hj' 

drolysis, most of i t undergoes spontaneous Hofmann eIimΐnation which in human blood η 
complete after about 35 mins. (Hughes & Chappie, 1 9 8 0 ; Hunt et al ., 1980 ; Sten 1 ake, 1982). 

Table 8. Some reported uses for certain curare ingredients and related species. 

Plant species Collection Locality Reported use 
Strychnos 
St. erichsonii BW s.n. V i l / l * * Surinam Aphrodisiac, stomach troubles 

BW 358 Surinam Aphrodisiac, stomach troubles. 
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Table 8 . (continuação) 

Plant species Locali ty Reported use 

St, mel ínoniana 

Curarea 

Cu. tecunarum 

BW 5568 

Stahel s.n.-3/Mt 

Sur inam 

Surinam 

Prance et 31.16*63 Brazil, Amazonas 

venerea 1 d I seases 
Aphrodisiac, menstrual problems 

Aphrodisiac 

Extract of crushed stem drunk 
as contraceptive DenT, Rio 
Cunhua) 

Sc. c f . pachno-
cocca 

I Sc. toxifera 

Sc. paraensis 

Prance et al .15558 

J.Schunke V. ^637 

Μ, Η. Lima 1 5 

Brarf-1 , Amazonas 

Peru, San Martin 

Brazi 1 , Para 

Scraped root bark against 
toothache (Makú, Rio Uneíuxi) 
Macerated in aguard lente for 
diabetes and tertian fevers 
(Lami sta) 
Plant said to act as an abort_i_ 
fac ient 

Ab. brevl fol la 

I Ab. convexa 

. grandifolia 

Μ , Barbosa da S i 1 va Brazi 
109 

Glaziou 3860 

Pa ra 

Frões 20365 
G. Κ lug 1962 
Martin etal .1650 
Plowman 2521 

Brazi1 , Rio de 
Janei ro 
Braz ί1 , Amazonas 
Colomb ia,Putumayo 
Peru ,vic in i ty 
of Iquitos 

ι Ά. ? grand i fol ia Aluislo 5.η 

Ab. obovata 

Ab. rufescens 

b.sandwithiana J.M.Ayres 02 

Grubb et al. 1635 Ecuador,nr,Tena 
Braz ί1,Amazonas 

Bassett Maguire Colombia.Amazonas 
et al . ^1700 
L.A.Mai a etal.24^ Brazi1.Amazonas 

Brazi1 ,Hato Gros-

.W.Nelson P 2 1 3 0 5 Brazί1,Rondônia 

Much sought after by local 
drugstores for use In remedies 
Bark and root as b itter,digest "rve 
deobstruent, ant i febrile 
For Fevers 
Aga i nst ma 1 ari a 
Roots macerated in aguardiente 
or water against rheumatism 
Bark as a cure for colic 
A tea of the wel 1-crushed leaves 
as an abortifacient 
Sap for treating "pink eye" 
(contagious conjunctivitis) 
A tea of the grated stem against 
the poison of the pico-de-jaca 
Probably good for malaria 

A tea from scraped root as a 
female contraceptive {Karitia-
na) 

Cissampelos 
Iti. ovalifolia M.T.Si 1 va 66 l Brazi1, Para Tuber against bite of cobra 

jararaca (Bothrops) 

OTHER BIOLOGICAL ACTIVITIES 

Pharmacological and related studies continue quite naturally to be focused prima 
'{.on the neurological and muscle-relaxant properties of curare and its active princ_j_ 
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pies, especially the bisbenzy]isoquinolines - (+)-tubocurarίne and congeners. Some of 
these compounds, however, are known to exhibit significant ant ί-tumour act i vi ty, the follow 
ing ED^g data (mcg/ml) have been determined for the KB nasopharynx cell system: (-)-curine 
0.14, ( + ) - i sochondrodendr ί ne 0 . 1 7 , ci ssamparelne l.l(Kupchan et al ., I 9 6 5 ) . An alkaloid 
fraction from Abuta panurensis is also reported to display activity in this testjtherrari 
alkaloids present in it are the bi sbenzy I i soqui nol Ines panurensine and norpanurensina 
(Cava et al ., 1975a) . There is little or no publi shed informa t ion on the pharmacological 
properties of most of the newer alkaloids isolated from Abuta, Sciadotenra, and Telito-
xicum species, and the same is also true for many of the compounds obtained from the* 
other alkaloid-bearing ingredients of curares. 

It is desirable that such studies be carried out, for it is evident from herbarium 
annotations and other sources that some of these plants which yield theactive princM 
pies are believed to have effective medicinal properties as well. Table 8 draws at*] 
tention to some of these indications in order to encourage evaluation bothof the plants 
and of their active constituents for other potentially useful properties. 

Humboldt & Bonpland, for example, mentioned that curare was used in small dosesas 
a cure for intermittent fevers ans as Indicated in Table 8 some of its component plants 
are indeed believed to have antifebrile properties. Prance (1972) reports the observation 
that Deni men and women living on the upper Rio Cunhuã (western Amazonian Brazil) drink; 

large quantities of an aqueous extract made from the crushed stems of Curarea tecunann 

as a contraceptive; and as Table 8 again shows, species of Abuta and Sciadotenia are 

used similarly. Davis & Yost (1983) indicate that the Waorani Indians of Amazon 1 an Εω 
dor apply their dart poison, which is prepared from Cu. tecunarum, directly to skin In
fections of bacterial or fungal origin with "proven results". Accord! ng to Van den Berg 
( 1 9 8 2 ) , in Brazilian Amazonia the stem or root bark of Abuta concolor is used as an-
antifebrile and in the treatment of renal calculi, contusions, and inflammations (iflrt 
eluding those of the eyes); a tea prepared from the roots or bark of Cissampelos ovali-
folia is employed as a diuretic, tonic, resolutive, and in the treatment of contusions 
and inf1ammat ions . 

Further uses are listed in Table 8. It would seem that a broader biological evalo 
ation of curare ingredients could yield results of interest. 
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