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Advances in the research
of curare and Strychnos alkaloids ™)
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1. IxmaopueTion

The name of carare was attribted 0 0 group of poisons claborated in
the Amazones Orinacn basins by natives from plant extracts. Thise poksins
have in comimon their peculiar physiological action blocking the neuro-museulir
tranemission.

Curare were and are used for hunting purposes, and there is no cvidence
that they were used in war, bue their propertics became soon of interest for
Ih mmm and their senown soon spread in the form of legenda into

Three hundred years of rescarches on curare from the lnmi\lm o the

end of the XIX century can be summarizod in feir facts und d:

in 1516 Pietrm Martite in Orbis Novus Decades reports the existence of
peculiur arrow: paions

I 1740 Puther Josd de Guulla, desceibes for the first time the property
that curare {5 setive only by

in 1745 La Condamine gives the first account for the elaboration of curace
by the Ticunas;

in 1782 Felice Fontan, in Flurence, working on a sample of curase sent
by Francisen Maldonado from Ecuador, demansirate the partioular

i A8 Aleoander von Humbolde describs the lsboration of 4 curire 2t
Esmeralds (Upper Oinoco) mainly fram Stryimas oot bark.

(4) Aceademicn dei XL, Tatjnuts Chirnies, Universith i Roma.
£0%) Quests. Memaria & basais sulla relasione teriia all Universidsd Mayor de
Maroo, Lisa 16 othobes 1974




— =

1819 Roulin and Boussingwult in Bogoth, separate the active principle
of a enrare made from Strychnos and do not find strychnine, but
a water soluble salt!

1830-1580 Ethnopharmacological rescarch in the acrea uf Amazomss and. Ori

o by the Castelna, R and B Schomburgk, Jobert, Crevaux,
Lacerds and Barbos Rodriguez.

1856 "The full physiological demonstestion of the acti
Claude Bernaed in Paris,

Rudolf Boshm was the first, on the basis of all the material garhered
and of the observation made during these years and of the personal ehomical
investigations, To propase 1 claswsification of the earaes.

We must here underline that curare are claborated in an area of the
aropical rain forest of 5,00 km of lenght and. 4,000 km width, that the plants
used are therefore not always the same, and that the tribes which elaborate
the poison have different eultural levels.

Many edhnographic abservations are sometimes not sfficient o esablish
the arigin of a eurare, because this poison i a gond which is transported and
markcted by indian tribes through very lange ares.

Anyhow Bochm established a particula clasification, based mainky on
ethnographical duta, which correspands rather well 10 8 rough chemical classi-
fieation,

s of eurare by

The curares, sccording to Boehm [1583-1806) ure:
tubocurare, that i, curare contained in tubes, made from bambao;
calubash curare that i curare contained in calsbashes (dried fruit of

nquash);
pot-curare, curare contained in pots, made by the indians themselves

For aver fifty years all the seseaches on eurare hive been bused on this
clasification.

re sccording to Hochm, are formed by A misture of torthary
and quaternary alialeids belorging to.the benryl-isaquinoline group, calabssh
curare on the ather hand are constituted by tertiary and quaternary alkaloids
belanging 0 the indole group. Pot curare oatsing alkaloids from both of the
above reparted groups.

From the botanical puint of view it i possible tn establish on the crhni-
graphical observations that tuba-curare main constituents are Menispermacese
that. calabash curare active principle take otigin from Strychror s Humbold
had established and that in pot cusare both Menispermacese and Strychmos
are used.

38 years later King was sble to csblish in & tubo-curare the presence
of & quaternary alkaloid, tubo-curarine, 1o which structure (1) was atributed.

Meanwhile botanical researches in the field by Krukeff and Moldenke
and chemical studics by Wintersteiner and Dutcher could demonstrate that
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the main constituents of tubo-curare were five specics of Chondodendron, s
Tl 2 i i i o e Y e 0w by b
curare.
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Few vears later (1942) the work of Griffith and Johnson opened the new
field of curarization in surgical anesthesis.

The structure of wbocurarine was taken a5 2 model in 1946 by Baver
for elsborating the syrthetical curare like drugs, which are now narmally sed
23 coadjuvant in ancsthesia.

The search on calabash curares, which were also more potent than tibocu=
rares, found more difficulties owing to the enmplexity of the alkaloids concerned.

2, ‘Tue cumamE ALxALOWS

The first question to ke solved was. if the curare alkaloids wore compa-
rable or identical t those present in Stryehnes plants.

“This question was fint cleared by Berredo de Cameira in 1938 who
could demonstrate. the similarity of S. mimoesans and Curare alkaboids, anil
later established by the fundamental work of Karrer and Schnidt and coworkers
in Zarich, who have grven the firt suctires for the quaternary alkaloids
of Strychuor. These found ta be identical or chemically related . the alkaloids
isolated by Wicland from . toxfera in 194147,

“The main alkaoids obtained from curare responsible for its action and
in part found also in Strychwor ire:

Quaternary; aikaloids.

(i) Manoweric alkatoids. A umber of mono-quatcrrary alkaloids, which
show unly a very slight curarizing activty, have been found in varions species.
They beloag o a aumber of dif
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C-Fluorocurarine (C-curarine TIT) is & s-methylene-ind
 18-deoxy-Wicland-Gumlich aldchyde. C-Hemitoviferine is. the methyl-
quaternary salt of Wicland-Gumlich sldebyde. C-Fluorocorarine, on the other
hand, s 3 pscudoindosyl-derivative.
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€-Mavacurine, macusines A, B, and €, and melinonine .\ are all tetra-
hydro-B-carboline derivatives. The macusines are related w bases of the
sarpagine and ajimaline types, while melinonie A s related 5 wlrlhydmxlqn.
nine; the isomeric bascs alstonine and scrpentine have been found in the
Adtican 5. camptoneura and Busse and alss in several Apocymaceae plants.

(i) Dimseric alkaloids. ‘The curarizing activity of Strychnos extracts s
of curare, as shown by Bavet and later by Waser, is duc mainly to the presence
of dimeric aikaloids, containing two quiternary amunonium  groups, which
are formied by the union of twe moponieric alkaloids,

On the basis of current knowledge, these substances can be divided into
three main groups. ot * families "

(a) The C-toxiferine T fami

p are Cotoxiferine 1, Cralka-

m gron
A und E, and toxiferine TX (= cracurine 11 mathochloride).
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of two mofecules of 18-deoxy Wicland-Guinlich alchyde. C-Curarine, Coafkax
1okt D, and Cicalebassine aro the. more inpartant derivatives of this group.
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(0) “The Cealkaloid H * f s the third group and it is formed by
the union of one molocule of Wickind-Gumlich sklchyde and one of 15-deasy
Wieland-Gumlich aldehyde. The main representatives are C-alkaloids H, G,
and F.




3. Niw pessascus
In the international symposium on curare and curare-like drugs held in
Rio de Junciro in 1957, although the existence of bis-quaternary Strychuos
alkaloics was not yet cleared but alresdy near to & solution, still many questions
were pending on the nature of the alkaloids, present in curare and in Strychnor,
In effect the main source of information came from a number of studies
on curares -:E differcnt vrigin and the chemical studics of a very limited number

of taxifera.
T arsa geomp e che begnnag o D B, G, Dl
Momache, Galeff, Torio, Ciasca and the Authar and by other collesgues

joining temperurly ous work, begun in 1953 a complete survey of 1 large
number of Strychmas, and occasionally on curare smp!

In this work they were as , otherwise the prganisation could not he
feasible, by prof. - Adolfo Ducke a distinguished botanist from Fortaleza (Brazil)
with the help of tie Canselho” Nacional e Pesquiss
. B.A. Keukofl former corator of Amazonss of the

of plants, well determined.
Abo samples of curares were provided by these eolleagues ma well by
prol, Ettore Biocea, Rame.
Amang the various questions et open at the Sympasivm on Curare from
hemical poing wf view tlie more important wer

1) What kiod of changes of modification occur duriag the elaboration
of curare in the structure of the alkaloids?

2) Are all the octive principles present in the plams or are they formed
during the preparation *

) On & geo-botanical point of view there is any particular evidence to
establish the difference between the alkaloid composition of american amd other
continents Strychnon

) In curare composition identical to that prepared centurics ago?

5) Are they biogenetical relationships between alkaluids of Strychnos?

In arder 1o establish some these
1 an

artant. points and disposing of & rich
raphical miaterial the Rome group was dedicated 10 u long
range investigation in this field during the last 20 years.

METHOBOLOGY
a1, Asalytical.

first difficulty 10 overeome i the searce quantity of alkaloids generally
nhimmhlt from collected semple, and wber of constitucnts of the
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Taws 1.
The curarising acticity and olkalaids of Central and South Awerican
Strychnie specie

Allalodds

5. chdramtha Prog Diskoline, actrbibolive unter-
“quaternay slkalista
8. cobmberie potiied bark

8. rame-befeii Kol arid o
neby. - =l 11-Meshaxy diaboline

Diabaline

Masrophylline A mnd W, € mavars-
i, C-lustocurive
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5. macruphylla Barb, Rodr, . .

. brustinia |- Methay-. . Desacety)-dine
11 Mehaxy-dinbaline, Deaacety

5. primereis (Voll) Mart. s Calebassine, - C-currine, | Caka-
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C- Harvesrinine
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| bbb Toim i
i gt
| chnuplending i
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5, jwvarienis Krukofl . +

. wndreithing. Krukodl and T
weby 2

Desceryhdisboline (~ Wicknd-Gum-
h aldchyde), macrophriline A
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5 puendy-quina A, St Hil. Nue-dihydrotasiferine
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oy diabiodine, |l,‘—|l\hy|lm
?!lmmwm'nr‘ e
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5. jobertinsa Baill ‘ +
|
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For this purpese paper and TLC chromatography and electrophoresis
was largely applicd and developed as analytical tool in order to’cstablish the
complexity of the alkaloid miture

Electrochrmstography also showed gond results.

After a lang pianecring work on several samples a more or les complete
picture was available of the an il compesition of alkaloids of 2025
differcat species,

Binlagicl.

standard .
biological test of the toxicity of 2 standard weight " powdered plant material,
extracted in the same. conditions by 4 determined volume of an organic acid
sehution,

In these eonditims all alkaloids are extracted and the results of toxicity
way give a fired information for further work on the sample, In Table |
column 2 are reported the main results obtained by this methad.

a-3. Separation,

Owing the very scarce available quantities of alkalaid misture extracted
from plants we have adopted the sepatation on thick paper, by band chroma-
tography.
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When possible column chromatography on celhulose was largely adopted
using different solvents.

In the case of tertiary alkaloids a method propased by Galeffi and athers
based an counter current distribution with progressive variation of the plI
gave exceptional resolutions of mixture of very eloaely related alkaloids,

he method is based on the double distribution and dissociation equili- 1

Brium in the case of a weak base. Since the separation depends on the differ-
ence in the product of the disseciation conetant , and the distribution cocth
cot k. To this purpase the use of a lower organic phase and an upper buffer
phase whose ph is varied from neutrality to increasingly acidic values in such
i way to extract alkaloids in order of decreasing K, k.

We report in fig. 1 the separation of the mixture of allaloids of . mux
vomica whih yields, over the nine known alkaloids, three new substances

b Researches on Curares.

A new type of curare beyond the three of the Bochm's elasaification has
been describod in 1964,

Biocea.in a scientific expedition in the arcas between Rio Negro and Upper
Orinaco found a new type of curare <laborated by the Yanoama indians
{Guieas).

This curare is prepared from the oot bark of 4 Stryehnos not specified,
ut mmost. probably S, fasifera. ‘The roo bark is dried over the fire, powdered
and extracted, on & funnel with made a leaf of a plant with hot water, The
percolated liquid, which by the preparstion method contains the soluble alka-
luids of 4 single plant, is concentrated on the fire, when it has become siruppy.
it is used 10 poison the point of the blow srrows.

Genenally this type of curare is not 4!.4.;.:-«1 in any particulr recipient,
but directly weed for pregaring and darts,

Biscea, Bovet, Marini-Bettblo und Galeffi could demonstrate the curariz-
ing activity of the Espaion and cstablish the presence of caracteristic quateen-
ary xlhlmds = o

Suecessively lmlrc Grossa, Caracas, and Padre Cocco, Maria de los
(nmns, eonfirmed the finding and supplied a number of darts, were curariz-
ing quatcrary alkaloids coul ected by us

[he intereat of this finding i that, in these mild conditions a0 particalar
sransformation may oecue in the alkaloid structures, and thus there is 4 direct
evidence that Steycimes alkaloids arc the active fraction of the curare,

If we consider that in other conditions Stryclmas alkaloids suffer 2 very
long treatment, it is possible that in these conditions the alkaloids smay undergo
several oxidation or transposition reactions,

In effect it was shown by us that nor ine is rather comman
T vl ol T Do i e g i Pt anly in very
minute amounts both in plants and in curare beesuse it undergoes rpidly 10

S——




transformation also i the presence of acids and hear, Le. during estraction
from

1t was known tince the observations of Bioces and of Larzarini Peckolt
that 90me curises—in sespest 1o their dry weight —were more active than the
extracts of the corresponding plants.

‘The above mentioned Authors explained this property as due to the possible
reactions which take place during the elsboration of the curare, f.e. permethy-
lation reactions.

The group of Rome could demanstesto in & comparat v, bioth phar-

o olighil Aa el ths 1 i e e B STt g i
Chondodendrow, the curarixing activity of the alkaloide obtained from the
tubocurare are fen fold more active than those extracted fratn the plaot. Bath
alkaloids. were submitied to methylation and again tosted. for their curarising
acvity showed that in the case of alkaloids oltained from tubocurare no increase
af potency ean be observed whereas in the case of the alksloids obtained fram
the plant the acitivity s increased.

In the casc of calabash curare and Strychuos catmcts, exhuustive methy-
aion do. not influence the curarizing activity of bath samples.

“These findings indicate that in the case of Chomdodendron bis-bonayliso-
quinoline alkaloiids, during the claboration of the tubocurare some methylation
seactions may oceur both oo the and OH groups, perhaps by some dispro-
portion pesctions. 1o the case of Strychnos indokic alkaloids no similsr reictions
take place.

We have cxamined for the fist tinme’ the alkaloid eompasition of Strychuos
rastelneana, described by Castelnau as the main ingiedient of Ticuna curare,
u typical mixed curare, very well studied in the pist centurics.

We have established that enly  low percentige of quatesnary alkaloids
n cffert we have detected the presence. of C-alkaloid D, and
highet quantitics of tertiary alkaloids like diaboline and jobertine. ‘The ool
is rather low as it is duc only to alkaloid 1), Thercfore the
sctivity of Ticuna eiate is duc not ter but, we believe, mainly

10 the presence of bis-benzyl derivative. A assay
on the Ticuna curarc sampls, biought I 1956 by de Caslivar and indly
sapplied to us by the dr. Baucr of Volkerkunden Museum of Vienna, confirm
thse s

In the chemical survey on curare deposited in various eurapean Museum,
dr. Bauce was able 1o demonstrate that the composition of curare of the same
cthnographic acigin i identical after more than one century, confitming thus
the stability of these preparation.

Anather fmpurtant festute af the present evolution on curare. chemisiry
i the finding by Angenot of an arruw poison from Ruwanda, Central Africs,
C-curaring and, naturally, exerts curariing sctivity and tertiary
alkaloids like dibydro-toiferine and a new bimolecular alkaloid wmbarcnsine,

The arrow poisan is elaborates! from Stryehaor wamborensis, u plant growing.
in Ruanda,
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€. Recent researches o Strychuos allalos

No complete wocount on Curare chemistry, cspecially in the group of
calibash curare, can be given, without systematical chemical roscarches of a
number of Siryehnor species which are used in the elaboration of eurnre,

“The present knowledge in this field is summarized in Table 1 and i due
the result of mainly to the group of Rome, and tn rescarches of the groups
of Zurich, Bristol, Buenos Aires and Liige.

If we cumine in detail the alkaloids of Strychner we can divide them
acconding to their chemical structures in waneeric tertiary, dimerie tertiay,
wonomeric quatesniary and dirneric quatemary alkaloids. The laiter as above
reported were found in curare,

) The mongmric teriary llids found in Amrican Suychnos; malny
by the group of Rome, can be grouped = follows:
Strychnine group: strychnine and brucine,
Disbaine group:  disboline, desetydisbling (= Widoed Gurnlich ol
i), acetyldibolines A asd B (henningsamine
i 11 kberihtan
|s<1my Wicland-Gumlich sldehyde.

!
Spmlnuy(:mﬂz § goup
ndine gronp
Strychnobrasline gioup.
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Surprisingly with morc sofsticated. techniques during the last years it was
possible to isolatc a number of new tertiary alkaloids from American Stryclmos
and to find in thesa species some alkaloids, hefore considered to helong anly
10 the africtn, asfatic or susiralian species,

The main festurs was the finding in 5. panemenrss, which contalins quater-
nary dimeric alkaloids and the tertiary strychnine, brucine and disboline. This
demonstrates that thers is not a substantial difference between smericun Strych-
o and these of ather continents.

A farther confirmation of this fact was the finding both from the Rome
granp and by Comin and lwataki in Buenos Alres; that i two species: ane
from the Central America and the other from Argentin, . rasiiensis and
5. tabascana respecively, of & geoup of new alkaloids (12-hydroxy-T1-mitho-
clasely related to
Wi pbrusouyyoh sins e Wiyt iplsutink p-uupn both found carlier in asiatic

australian species (S asillaris, S. pai

Moreover two new structure type, rbe-nml\y related to the latter were
found in the “Tabascanine group and the Strychnobrailine group and recently
in S femier

A certain interest s also shown by the finding in various samples of &
number of tertiary alkaloids which can be considered intermediate for the bu
ing up of dimeric quaternary derivatives.

In effect as & result of ou mngwnw, diaboline can be considered
practically ubiquitous in all Strychus species.

184 e i e arers bl o ekt u v wsmnint of thi albalod {4
Stryelinar ignati secds from Mallys and anticipate that it could constitute the
intermodiate pathway h the synthesis of sirychnine and quaternacy alka-
Yoids, heing slso found in american Strychnis together with quiternary dimeric
decivatives.

Other alkaloids of this type are desacetyl-disboline knows as Wieland-
Gumlich aldehyde, and the two fsomerie O-acetyl diabolines: jobertine and
henningsamine.

Another substance of this type which discloscs furure. passibil
methuxy diaboline and the corresponding desacetylderivative found by our group
for the firt time. It fs now possible t argue thit als dimeric 11-methoxy
derivatives may be found, if desacetyl disboline, a5 recently stated, euld be
mldnmi the infermediate of the dimeric alkaloids E»wrnllv:nr.

¥l diaboline, i.c. known ales s
rmum product of nor-dihydrotaxiferine and isolated by us in plants for
the firat tine, was found to be 2 rather common eonstituents of several Sirychnor
"Ll produet being suppased the preeursor of the Curarine family its fnding,
s of pasticular interest.

Amang tertiary alkaloids the non-macusine- was found reccatly by us
in 5. medeols. This alkaloids belongs o 3 particular structure, which is found
in several plant families of the Lagamiaces and Apocymacee groups.
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© tertiary alkaloids The more i

carcurine V. “Thoio bisis sy bo considered s the dimerization pmlnw
of 18-deoxy-Wiclnd-Gumlich 1Mehyde and of Wicland-Gumlich aldelyde,
respectively.

et

ydro-ndferine (1) an allaloid solated before only in minue
amounts, was found @ be present in racher high pescentage In & number of
Strychuor spocics examined 8. premdoquing i particulary tich,

“Phis, alkaloid may constitute 3 precursor of C-dihydrotmferine. T che-
mical reactivity i vesy high and thus the product very unstable. For this
reason it is very probable that during éxtraction, in excess of miincral acids,
the prduce may isomerize.

e tinparemine

This fact should be taken into sceount when discussing the transforma-
tion who may occure in the elabogation of curares being this alkaloids rather
eommon, according to our last studies. in several species.

Two ather alkalaids of this type Carscurine 11 and ¥ were found in
. taxifera by Karrer and may be olwo considered as transformation products
of nor-toxifering:

Manomeric. quaternary. allalaide have been found in several species, mainly
macusine B, which is also comamon t uther enera and familics plants and pro-

ably constitutes an important intecaxediate. compon

Dimeric quaternary allaloids. 1n S. panamensis sic quaternary alkaloids
miy be found with tertiany alkaloids

Quaternacy alkaloids are gonerally more sbundant in root bark, bat cin
be found alsa in stembark.

Tn addition to the three types of dimeric quaternary alkaloids above reparted
in Strychnes are alw present & mumber of quaternary alkaloids of undertemined
structire,

Owing 1o the difficulty in obiaining sufficient amounts of the alksloids
for the desermination of their structures, many of the bases have s0 fr only been

by their and propertics. Among
these may be mentioned: guisnanine, guiscurarines 1-X, xanthocurinie, macro-
phyllines A and B, erythrocurarines 1111, solimoesines T-1T1, urarine, finor-
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cordatine, mubrocurarine, calebasinine, alkaloids *, B, and vy, and melinoni-
s B, HL, T, K L, and M.

Some of them arc of the anhydronium basis type.

The structurcs of these alkalids has not yer been catablished awing to
the limited wmount of substance available and the ities to purchase the
plants. - Some comuaents may now ilhustrats the implications of these findings.

CoNcLusions

The most important fesults obtuined during this systematic research
¢ are as follows:
(i) For the first time, strychnine, brucine, and disboline, and dimeric
aquaternary alkaloids, have been found together in an Amoricin Strychrca: 8,
panamea

New alkaloids have been isalated from various specics, ez 1lame-
thoxydiaboling, jobertine (aceryldiaboline B), tabos

(i) The aceurrence in various species of a particular alkaloid which
may be rolated 1o the apecial metabolise of the plants, e.g. nor-dilydrodortferine,
Wieland-Cunmlich alehyde, ana diboline. “These substances way be considéred
furmally at lemt 23 procurser of inare complicated alkaloids, although Schlatter
and cowurkers have not boen sble w find evidenco for such u role in the
caie of the Wicland-Gumlich aldehyde, but recent researches demonstrate this

possibility.
(iv) Confirmation thar the alkaloids found in curare arc identical with
or clasely relieil 1o the plant alkaloids or are formed from the latter through
siraple chemical reactions. I this connection may be mentioncd the peeat
sensitivity 1o heat wnd acids of nor-dibydrotosiferine, which has been found
10 occur in considerable amounts in sme Strychnos specics. A very clear example
of the relation between curare and Strychaor alkaloids is provided by Yanclma
curace which is chusined by simple percolation of dried and pulverised Seryeh-
mai bark and roor

(¥} Dimeric curatizing wlaloids aré present in reasonable arount osly in
the roots. The samples richest in these alkaloids corme from the Amazon hyleis,

(+1) Pxamination of several sampics of the same species and of the same
part of the plant (bark uf the lower, middle, and higher stem) shaws in same
cases. very different alkalodl paiterns, ‘Thia variation in. alkaloid patiern may
reflect differences in afkaloid distribution st different ages of the plant.

(i} The disiribustion of the alkaloids in the different parts of the plant
shows that the branches and stem birk contain mainly tertiary alkaloids (these
are also present in the fruit and seeds) and that in the lower stem bark and
root bark mainly quatersary alkaloids occur.




Abatit curare we iy say:

(i) That some modification in alkaloids structure iy take place during
elsboration, bath in mhocurare and in calabash curares.

(i) In calabash curase we must take in sccount only the unstable alk;
loids like nor-dibydrotuxiferine, and others which may underge to oxidation
processes during the preparation.

(m) Although are, out of the Amainas hyleia, dimeric quaternary
were found in Central America and in Afriea, whers they are used
i it o s t poisans . On the other side strychuine and brucing
were found in Central America with quaternary alkaloids species thus demonstrat-
ing 5 unique biogenetic pattern in Siryebnos species.

(i¥) Carare are very sublo, once prepared, and differs very much in the
companition of the alkalaids and of the plants wsed, but have always in comman
the pressice of dimeric quaternary alkaloids although of different structue.

() We should here remember that enrares are not a mere cthnographical
curiosity, bt cven now, in the jét and moon exploration agr, a daily tool,
necessary 0 the survival of & number of indian tribes in the rain forcst of

th America.

We have lesried from these populations the use of a very i sroup
of new drugs, the curaro and curare like. drugs, which have now. become
indispensable for the progress of medicine.
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