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Feeding experiments carried out with cattle and horses could prove the toxic effects of P.
marcgravii (Rubiaceae) in all cases. The typical symptoms of “sudden death”, however, are
observed in ruminants only. This difference could not be explained so far.
A part from fluoroacetate, two more substances also have influence the toxic effects and
have been isolated from P. marcgravii for the first time: N-methyltyramine and 2-methyltetrahydro-ß-carboline (2-Me THBC). Structure elucidation of these compounds is mainly accom
plished by “H-NM R, I3 C-NMR and MS techniques.
Due to the small quantity of fluoroacetate (5.4 jig/g plant), the main toxic effect obviously
lies in the two discovered substances. In contrast to the slow death of horses (monogastriers),
the “sudden death syndrome” of cattle (ruminants) can be explained as a result of the higher
resorbility of these two substances in the gastro-intestinal system.
Given orally, both substances influence the monoamine oxidase type A (MAO-A): Nmethyltyramine acts as a competitive substrate, and 2-Me THBC is one of the most effective
MAO-A-inhibitors.
Thus, the decomposition of the specific M AO-A-substrates noradrenaline and adrenaline
as well as of N-methyltyramine itself is inhibited. The a- and ß-receptors of the sympathetic
system are stimulated more strongly, which leads to a drastic rise in blood pressure and
thereby to a more rapid distribution of fluoroacetate in the body. This results in a reinforced
input of fluoroacetate in the cells of especially active organs of the body (heart etc.). Thus,
even smaller quantities of fluoroacetate are lethal.

Introduction
P. m arcgravii (R u b iaceae) is a poisonous plant
which is endem ic in the A m azonian area. The
plant causes the “sudden d e a th ” of cattle (D öbereiner and T okarnia, 1986), which is described as
follows: it takes only 1 - 1 0 min from the ap p ear
ance of the first sym ptom s until d eath takes place.
T here are signs o f cardiac insufficiency such as
positive venous pulse and muscle trem or. The ani
mals lie dow n o r fall on th eir belly or side.
Tachypnoe, row ing m ovem ents with their legs,
opisthotonus and finally d eath occur.
U ntil now, flu o ro acetate has been considered to
be the only cause. The m echanism is well-known:
In the organism flu o ro acetate is transferred to fluorocitrate which is irreversibly bound to aconitase.

Thereby the citrate cycle is blocked (M etzler,
1977).
The quantities of fluoroacetate are relatively
low, am ounting to 5.4 ^ig per g dried plant (Krebs,
K em m erling and H aberm ehl, 1994). Subcutaneous
injection of sodium fluoroacetate yields a L D 50
value of 200 ^ig/kg in rats (G ribble, 1973).
E xperim ental poisoning of horses (Tokarnia et
al., 1993) does not lead to the sym ptom s of “sud
den d e a th ” as in the case of cattle. M ain sym ptom s
are nervous m anifestations as well as intensive
sw eating, restlessness, a b ru p t involuntary m ove
m ents of the head or the w hole body. The clinical
course of the poisoning ranged from 10 to 43
hours. It m ay be concluded th a t m ore substances
m ust be responsible for the toxic effects.
Material and Methods
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taken with an ionization p o ten tial of 70 eV. The
signal intensities w ere given as percentages of the
basal peaks. The tem p eratu re is given in degrees
centigrade.
The 'H -N M R spectra w ere tak en on a B ruker
spectro m eter A M 300 in com bination w ith tetram ethylsilane as internal standard. CDC1 3 or
C D 3 O D respectively served as solvent. The signals
w ere characterized by th eir m ultiplicity (s = singulet, d = doublet, t = triplet), coupling p a tte rn ( / in
H erz) and integration.
The 13 C -N M R spectra w ere taken on a B ruker
spectro m eter A M 300 using tetram ethylsilane as
internal standard. CDC1 3 o r C D 3O D respectively
served as solvent. M easurem ents w ere tak en ac
cording to the D E P T -m ethod. The chem ical shifts
are given as 6 -values in ppm .
For the analytic thin-layer chrom atography, p re 
fabricated foils by M E R C K (K ieselgel 60 F 254)
w ere used.
D ragend o rff-reag en t was used as a spray rea 
gent for the thin-layer chrom atography.
The colum n chrom ato g rap h y was p erform ed
with silica gel (Flashgel) by B aker, grain diam etre
0.02-0.036 mm, w ith low pressure (“flash”). The
solvent m ixtures are given w ith the data.
The solvents w ere applied dried and distilled.
Plant material
The plants (leaves) w ere collected in Brazil,
State of Para. The collecting date w asn't given.
The leaves w ere dried and ground.
Extraction o f the leaves from P. marcgravii
400 g leaves w ere ex tracted with 4 litres of petrol-eth er (four days) and subsequently 4 litres of
m ethylene chloride (four days), by aid of a heating
device, a 6 litre ro u n d b eak er w ith 2 0 0 0 ml soxhlet
and reflux cooler. The P E and C H 2 C12 extracts
gained were put aside. The plant m aterial was
dried (rem oving rests of C H 2 C12) and th en ex
tracted with 4 litres of m ethanol for four days. In
this way, 1 2 0 0 g leaves w ere extracted altogether.
The m ethanol was rem oved by ev ap o ratio n and
160 g of brow n, thick extract w ere yielded.
Production o f alkaloid crude extract
160 g M eO H -extract w ere suspended in 1000 ml
1 n H 2 S 0 4 (with u ltra sound). E xtraction was p e r
form ed twice w ith 500 ml d ieth y leth er each.

The com bined diethylether phases w ere reex 
tracted twice with 300 ml fresh 1 n H 2 S 0 4 each.
The eth er phases were set aside and the acid a q u e 
ous phases were com bined.
The acid aqueous phases (1.4 1 approx.) w ere
stirred with 5 g of zinc pow der in a glass b eak er
for 24 hours with a m agnetic stirring device.
The surplus of zink pow der was rem oved by fil
tering, and the acid phase was adjusted to pH 12
with N H 3 (conc.). 15 g N aCl w ere dissolved p er 100
ml extract. The alkaline extract was extracted four
tim es with 700 ml C H 2 C12.
The com bined C H 2 Cl2-phases w ere dried over
N a 2 S 0 4 and the solvent was rem oved in a ro tatio n
evaporator. The extraction yielded 1.4 g dark redbrow n, thick alkaloid crude extract.
Enrichment o f the substances from the
alkaloid crude extract
The alkaloid crude extract (1.4 g) was c h ro m ato 
graphed on a silica gel colum n (diam eter 45 mm,
140 g silica gel), with CH CI 3 : M eO H : N H 3 (conc.)
80 : 10 : 1. The fractions in the range of R F 0.23 (Nm ethyltyram ine) and RF 0.68 (2-M e T H B C ) w ere
collected separately. The thin-layer control was
perform ed by D ragendorff spray reagent. The al
kaloids showed an intensive yellow colour on TL.
This process yielded crude extracts of 0.62 g Nm ethyltyram ine and 0.21 g 2-Me T H B C .
Isolation o f N-methyltyramine
The crude extract of N -m ethyltyram ine (0.62 g)
was chrom atographed on a silica gel colum n (dia
m eter 25 mm, 40 g silica gel) with CHC1 3 : M eO H
80 : 10. It was eluated until all nonalkaloid sub
stances were rem oved (TLC control). Subse
quently N -m ethyltyram ine was elu ated with
C H C I 3 : M eO H : N H 3 (conc.) 80 : 10 : 1. This p ro 
cess yielded 520 mg crystalline substance.
Isolation o f 2-Me THBC
The crude extract of 2-Me T H B C (0.21 g) was
chrom atographed on a silica gel colum n (diam eter
25 mm, 20 g silica gel) with CHCI3 : M eO H 80 : 5
until all non-alkaloid substances w ere rem oved
(TLC control). Subsequently, 2-Me T H B C was elu 
ated with CHCI3 : M eO H : N H 3 (conc.) 80 : 10 : 1.
This procedure yielded 51 mg crystalline substance.
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MS, 110°C: M + = 186 (20.5), 143 (100), 128 (5),
116 (10.2), 115 (15.4), 77 (7) (see Fig. 2).

A ll in all the yields of the alkaloids w ere 42.5
(uig 2-M e T H B C and 433.3 jig N -m ethyltyram ine
p er g dried leaves.
The isolation was perform ed several times. It
could be observed th a t the am ount o f N -m ethyltyram ine in the p lan t m aterial was swaying. The
highest am ount was 433.3 ^g.

N-Methyltyramine

13C-NMR (see Figs 1 and 3);

■H-NMR, 300 M H z, CDC13: 7.0 (d, 2H-2,6, J =
9 H z), 6.7 (d, 2H-3,5, J = 9 H z), 2.75 (t, 2H , J = 6
2-M e THBC
Hz) and 2.85 (t, 2H, J = 6 Hz; -C H 2 -C H 2-), 2.4 (s,
3H; N -C H 3), C D 3O D two exchangeable H (-O H ,
13C-NM R (see Figs 1 and 2);
*H-NMR, 300 M H z, CDC13: 7.47 (d, 1H -H a, J = -N H -C H 3);
MS, 120°C: M +=151 (100), 135 (5.1), 121 (13.1),
8
H z), 7.3 (d, 1H -H b, 7 = 8 H z), 7.12 (m, 2H -H C),
120 (11.4), 108 (38), 107 (59.3), 91 (16.3), 77 (47.8)
3.57 (s, 2H, A r-C H 2-N (-), 2.81 (m, 4H ,
(see Fig. 3).
A r-C H 2 -C H 2 -N 0 , 2.48 (s, 3H, N -C H 3);
Spectroscopic data
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Fig. 1. 13C-NMR N-methyltyramine.
2-Methyltetrahydro-ß-carboline
(2-Me THBC). The numbers next to the
C-atoms show the chemical shift in ppm
(75 MHz, DEPT, 2-Me THBC in
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Fig. 2. Spectra of 2methyltetrahydro-ßcarboline
(2-Me THBC).
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Results and Discussion
The p lan t m aterial is freed from u npolar parts
by the extraction w ith p etro l-eth er and m ethylene
chloride. A fterw ards, extraction is continued with
m ethanol. The extracts gained by this procedure
also con tain the alkaloids.
The enrichm ent of the two alkaloids is based on
acid-base separation. In the acid m edium they ex
ist as cations show ing a high polarity.
The M eO H extract of the plants suspended in
1 N H 2 S 0 4 can be sep arated w ithout any difficulty
from the m ore un p o lar parts of the extract by aid
of diethylether. The alkaloids stay in the acid
aqueous phase. The reduction with zinc sets the
p ro to n e d alkaloids free again from the partly
form ed N-oxides.
Now the p H is adjusted to 12 approxim ately, by
m eans of N H 3 (conc.). The N -m ethylated am ino
groups of the alkaloids are th en uncharged. In ad
dition, th e enrichm ent of the aqueous phase with
N aCl leads to a higher volatility of the substances.
T herefore, they can be extracted with m ethylene
chloride.
T he isolation of the substances from the alkaloid
crude ex tract m ust be carried out in two steps by
colum n chrom atography. The two alkaloid frac
tions of the first colum n chrom atography also con
tain nonalkaloidal substances (ap art from the al
kaloids) w ith the sam e /?F-value.
T herefo re in the second colum n chrom atogra
phy no am m onia is used for isolation purposes.
B ecause o f the w eak acidity of the silica gel the

Fig. 3. Spectra of
N-methyltyramine.

nonalkaloidal com pounds can be eluated, w hereas
the alkaloids stay bound.
A fterw ards the alkaloids are isolated in pure
form with a solvent containing am m onia.
N -m ethyltyram ine causes, am ong o th e r effects,
positive venous pulse and tachypnoe (guinea pigs)
and “w obbling legs” (sheep and goats). These
sym ptom s found by E vans et al. (1979) are the
sam e like those described in cattle by Tokarnia
et al. (1986).
P. marcgravii also contains 2-Me T H B C in addi
tion to N -m ethyltyram ine. B oth alkaloids have
enorm ous effects on the physiology of an anim al
organism and p o ten tiate the poisonous effect
(Fig. 4).
The isolated 2-M e T H B C is one of the m ost ef
fective M A O -A inhibitors (M eller et al., 1977), i.e.
the decom position of adrenaline and n o rad ren a 
line is inhibited. The M A O catalyzes the oxidative
desam ination of prim ary and secondary amines.
T here are two types of M AO: Type A and type B
have different su b strate specifity. The n eu ro tran s
m itters adrenaline and noradrenaline are specific
type A substrates. This has been proved by Singer
et al. (1979) with enzym e models.
The second isolated substance, N -m ethyltyra
mine, is also a M A O -A substrate (Singer et al.,
1979). It com petes w ith adrenaline and n o rad ren a
line for the active cen tre of the M A O -A . Thus, the
activity of the M A O -A is “blocked” in two ways:
1)
The M A O -A inhibitor 2-Me T H B C lowers
the activity.
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Fig. 4. Pattern of the physiology of the poisonous effect.

2)
N -m ethyltyram ine serves as a com petitive
substrate.
B oth effects result in a strong rise of the concen
trations of the M A O -A sub strates adrenaline and
noradrenalin e in the blood. This leads to a
stronger stim ulation of th e a - and ß-receptors of
the sym pathetic system and th ereb y to a dram atic
rise in blood pressure and decrease of the diges
tive activity. Thus, N -m ethyltyram ine w orks as an
indirect sym pathom im eticum . This is proved by
tests perform ed w ith h eart cells culture (K em m er
ling, 1995).
B ut it is also conceivable th a t it w orks as a direct
sym pathom im eticum . N -m ethyltyram ine was tran s
form ed from dopam ine-ß-hydroxylase (D B H ) to
N -m ethyloctopam ine with 25 % of the dopam ine
activity (Fujita et al., 1971) (see Fig. 5).
N -m ethyloctopam ine differs from adrenaline
only in one hydroxyl group in position 3, and it
possibly has the sam e effect.

The rise in blood pressure causes an increase in
the energy dem and in the cells of heart and blood
vessels. The adrenergic stim ulation of the citrate
cycle is opposed by the inhibition caused by fluor
oacetate. U n d er these conditions the la tte r is dis
tributed rapidly in the body and transform ed to
aconitase-blocking fluorocitrate. This preferably
happens in places of the highest consum ption of
HN — CH3
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Fig. 5. Reaction of dopamine-ß-hydroxylase (DBH).
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energy, i.e. for exam ple in the heart. W hether
death is caused by high blood pressure, inhibition
of the citrate cycle or a com bination of both, d e
pends on the respective doses of the substances in
the plant and th eir resorbility in the g a s tro in te sti
nal system of th e grazing animals.
The isolated alkaloids allow to explain the dif
ferences in the poisonous effect on rum inants
(cattle) and m onogastriers (horses) for the first
tim e. In this way, cattle die o f “sudden d e a th ” (Tokarnia, D ö b erein er, 1986) w hereas horses die after
1 0 -4 3 hours (T okarnia et al., 1993). W hen con
sidering sim ilar doses, this difference can only be
explained by the different resorbility in the gastro
intestinal systems.
The rum in an t system causes a b e tte r digestion
of the food. F u rth erm o re in the rum en, reticulum
and om asum the alkaloids are m ostly deproton-

ized. i.e. they are m ore u n polar and therefore re 
sorption is better. The presence of alkaloids is re 
sponsible for the lethal effect of even sm aller
am ounts of fluoroacetate in cattle.
The strong acid pH in the stom ach of horses is
responsible for a p rotonisation of the alkaloids
which are therefore resorbed to a lesser degree.
That is why death is delayed.
A fourth substance group participating in poi
sonous effect are oo-fluorofatty acids. This could be
proved by a new extraction m ethod follow ed by a
19 F-N M R -exam ination (K em m erling, 1995).
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