
Onderstepoort J. vet. Res., 51,245-248 (1984) 

PREPARATION AND PROPERTIES OF A CRUDE EXTRACT TOXIC TO GUINEA-PIGS 
FROM PACHYSTIGMA PYGMAEUM, A PLANT CAUSING HEART FAILURE IN 

RUMINANTS 
J. A. VERSCHOOR and D. J. J. POTGIETER, Department of Biochemistry, University of Pretoria, Pretoria 0002 

ABSTRACT 
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guinea-pigs from Pachystigma pygmaeum, a plant causing heart failure in ruminants . Onderstepoort Journal of 
Veterinary Science, 51, 245-248 (1984) 

Pachystigma pygmaeum is a rubiaceous plant which causes heart failure after ingestion by ruminants . 
Isolation or characterization of a toxic entity has hitherto been unsuccessful. Extraction of the plant material with 
water or organic solvents gave poor yields of toxicity in guinea-pigs because of some unusual properties of the 
toxic entity. We present a method whereby liberation of a toxic entity from the plant material was achieved by 
fermentation with baker's yeast to give a crude extract with sufficient yield of toxicity for use in further isolation 
work. 

INTRODUCTION 

"Gousiekte" (literally translated as "quick disease") 
is a plant poisoning syndrome of ruminants observed 
only in southern Africa. Sudden death due to heart fail
ure occurs 4-8 weeks after ingestion of a lethal amount 
of toxic plant material (Walker, 1908; Theiler, Du Toit 
& Mitchell, 1923). There are 5 known species of rubia
ceous plants (Pachystigma, Pavetta and Fadogia genera) 
which can cause the disease (Codd & Voorendyk, 1966), 
all of them indigenous to the Transvaal and bordering 
areas. Economically, "gousiekte" is regarded as one of 
the most important plant poisonings of southern Africa 
because of the heavy stock losses associated with it in 
cattle, sheep and goats. 

The pathology of the disease, as described by Walker 
(1908), Theiler et a!. (1923) and Hurter, Naude, 
Adelaar, Smit & Codd (1972), indicates that the heart is 
the target organ. Abnormalities observed in other organs 
and tissues apparently result from an impaired heart 
function. Histopathological observations revealed de
generated heart muscle cells and intrusion by connective 
tissue, especially in the region of the apex (Smit, 1959). 
The physiological studies undertaken by Pretorius & 
Terblanche (1967) and Pretorius, Terblanche, Van der 
Walt & Van Ryssen (1973) led to the conclusion that the 
toxin impairs the contractility of the heart muscle either 
directly, by binding to the contractile proteins, or indi
rectly, by inhibiting the normal energy metabolism of the 
heart. The isolation of the toxic compound would be 
useful to facilitate the elucidation of the molecular mech
anism of the poisoning and, hopefully, to develop pre
ventive agents to limit stock losses. 

Isolation of the toxic entity from the plant was 
unsuccessfully pursued by Veldman (1952), Anderson & 
De Kock (1959) and Potgieter, Jordaan, Cronje & Meij 
( 1975) after Theiler ( 1923) had first related the ingestion 
of the plant Pachystigma pygmaeum to the disease. The 
crucial problem was how to extract "gousiekte" toxicity 
from the plant material. The work of Anderson & De 
Kock (1959) indicated that toxicity (tested in goats) 
could not be extracted from Pavetta species with organic 
solvents. In the past, our group succeeded in obtaining a 
macromol~cular fraction toxic to guinea-pigs by means 
of an:tmomum sulphate precipitation of the plant juice 
(P<;>tglete.r eta!. , 1 ~75). The yield in terms of kg LD in 
gumea-p1gs per umt mass of plant material was, how
ever,. negligible, compared to the toxicity of the plant in 
rummants . 

I? this p~per ~e present a method whereby an extract 
tox1c to gumea-p1gs could be prepared by fermenting the 
plant material with baker's yeast. This method gave re
producible results in terms of toxicity and yield, al
though seasonal variations were observed. 
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MATERIALS AND METHODS 

All reagents were of chemically pure grade except 
those used for analysis, which were of analytical grade. 
Collection and storage of plant material 

Most of the plant material was generously supplied by 
C. J. Sieberhagen from the farm Illmasdale, which is 
located near Derby in the Western Transvaal, in the 
midst of an area where severe outbreaks of "gousiekte" 
occur periodically. Collections of the plant material were 
made over 14 seasons during 1967-1980. The plants 
were destemmed, washed with water, distributed into 
small plastic bags and stored frozen at -10 °C. 

Plant juice 
Plant juice was prepared by macerating fresh leaves in 

a blender and pressing out the juice in a Carver press 
(F. S. Carver Inc. Hydraulic Equipment, N.Y.). 

PachF 
Frozen leaves were freeze-dried in 1 kg batches in 

bags of cheesecloth and ground to a fine powder in a 
Siebtechnik disc mill (Ferguson Industrial Equipment 
Co., Johannesburg). This material was denoted Pach F. 

Fermentation extracts 
Magnetically stirred suspensions of Pach F (50 g) in 

water (500 mf) were fermented with 1 g dry baker's 
yeast (N.C. P. , Welkom) and sucrose (2 g) at room tem
perature in stoppered conical flasks of 1 e capacity. The 
stoppers were provided with carbon dioxide gas outlets. 
The effectivity of the fermentation was monitored by 
measuring the volume of carbon dioxide produced and 
collected over 1 % HC1. After 24 hours, the suspension 
was centrifuged (1 000 X g, 15 min) and the residue 
washed twice with water (250 mf) before it was dis
carded. The combined supernatants were then lyophi
lized. Occasionally, fresh frozen leaves, macerated in a 
blender with water, were fermented instead of Pach F. 

Water extracts 
Water extracts of Pach F were made by reconstitution 

with water, pressing out in the Carver press, resuspend
ing the residue to 8% (m/v) in water followed by sonica
tion for 10 minutes in the cold, centrifugation (1 000 X 
g, 20 min), and a final pressing out of the sediment. The 
combined, lyophilized, aqueous phases constituted the 
water extract. 

Macromolecular fraction 

Plant juice was saturated to 90 % with ammonium 
sulphate and left overnight in the cold. The precipitate 
was centrifuged (1 000 X g, 20 min), dialyzed against 
water and lyophilized. Gel chromatography of this ma
cromolecular fraction was performed at 7 oc in columns 
of 2,8 X 40 em dimensions, using a variety of Sephadex 
and Sepharose gels (Pharmacia Fine Chemicals, 
Uppsala, Sweden). Elution was monitored at 280 nm. 
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Heat lability 
Direct heat lability tests on the plant material were 

performed by autoclaving fresh, frozen leaves for 15 
minutes. The leaves were then macerated in a blender in 
water to give a 10% suspension on a dry mass basis. The 
suspension was then fermented. A control experiment 
was done likewise, but omitting the autoclaving step. 
Alternatively, fermentation extract was heat treated by 
suspending a lethal dose in a minimum amount of water 
and keeping it in a boiling water-bath for 20 minutes 
prior to cooling and dosing. 

Heat lability tests on aqueous extracts of Pach F were 
performed by boiling the aqueous extract for 20 minutes 
followed by reconstitution and fermentation with un
treated, extracted residue. Heat lability of the extracted 
residue of Pach F was determined by autoclaving the wet 
residue prior to reconstitution and fermentation with un
treated aqueous extract. Pach F used in these experi
ments were extracted with acetone beforehand to remove 
most of the pigments. 

Toxicity determinations 
Toxicity determinations were usually done by per os 

dosage to Albino Wistar guinea-pigs of both sexes. The 
animals were fasted for at least 6 hours prior to dosing. 
Aqueous suspensions of fractions were made and admin
istered by means of a stomach tube (a shortened, nasal, 
pediatric feeding tube). Only the macromolecular frac
tions were administered subcutaneously in Ringer's solu
tion in order to conserve material. 

Potassium, sodium and acid determinations 
Potassium and sodium contents were determined by 

flame photometry, according to Bas son & Bohmer 
(1972) , but with some modifications. Duplicate samples 
of 0,5 g of lyophilized fractions were ashed at 600 oc for 
one hour and extracted with molar HC1 at 90-100 °C. 
The HCI extract was diluted in spectrographic buffer 
(I 000 J-tg Li/mt') and read in a flame photometer (Gal
lenkamp Model F H 500) with appropriate filters for 
potassium and sodium. 

Acid contents of extracts were determined by titration 
with dilute alkali to pH 7 ,0. 

RESULTS AND DISCUSSION 
The LD50 of fresh Pachystigma pygmaeum plant mate

rial was found to be in the order of 100 g/kg, the MLD 
being about 50 g/kg and the LD100 about 200 g/kg (T. W. 
Naude, Veterinary Research Institute, Onderstepoort, 
personal communication, 1968). With such a relatively 
high lethal dose and long latent period in ruminants, the 
determination of the toxicity and the comparison of toxi
cities and toxicity yields of plant material, extracts and 
fractions presented serious problems. For practical 
reasons the experiments could not be done in ruminants, 
and guinea-pigs had to be resorted to. Even so, concen
trated extracts had to be dosed at such high dosage rates, 
that problems were experienced with factors such as po
tassium toxicity and metabolic acidosis due to organic 
acids. 
Toxicity of fresh Pachystigma pygmaeum, plant juice 
and aqueous extracts of Pach F 

Dosing of suspensions of fresh, macerated leaves of 
Pachystigma pygmaeum to guinea-pigs at up to 220 g/kg 
did not evoke any symptoms (Cronje, 1976). Plant juice 
and aqueous extracts of Pach F were dosed up to 24 g/kg 
without any effect other than temporary accelerated 
breathing, probably due to metabolic acidosis (Ver
schoor, 1980). At these dose levels, these preparations 
therefore did not have any permanent adverse effect from 
either plant toxicity or acidosis. Aqueous extracts from 
Pach F were only found to be lethal at 35 glkg (Table 2), 
a dose level at which potassium toxicity and metabolic 
acidoses due to organic acids can be expected to play the 
major role in causing mortality. 
A toxic, macromolecular fraction from plant juice 

Dosing of preparations of a macromolecular fraction 
(see MATERIALS AND METHODS) evoked a delayed re
sponse after 3-4 days, with the animal appearing healthy 
up until death. This was achieved with either per os 
dosage (10 g/kg) or subcutaneous injection (0,5-0,7 
g/kg). This fraction exhibited association-dissociation 
properties on Sepharose gels as shown in Table 1. The 
exclusion peak obtained from Sepharose 4B separated 
into 2 peaks on Sepharose 2B, the 2nd peak of which 
again appeared as 2 peaks when rechromatographed on 
Sepharose 4B (Fig. 1). The significant 12-15 times en
richment of toxicity that was achieved this way rendered 

TABLE I Fractionation of a macromolecular toxic fraction by gel chromatography 

Exclusion peak Second peak 
Number 

Sample Gel Toxicity Toxicity of 
yield' Enrichmentb yield Enrichment peaks 
(%) (%) 

90 % (NH4hS04 precipitate from plant juice Sephadex GSO 64 3 36 I ,3 3 

Exclusion peak from Sephadex G 50 Sephadex G 75 85 6 IS 0,9 2 

Exclusion peak from Sephadex G 50 Sepharose 4 B 85 9 IS 0,9 2 

Exclusion peak from Sepharose 4B Sepharose 2B 58 IS 42 12 2 

Second peak from Sepharose 2B Sepharose 4 B so 12 so 12 2 

• Toxicity yields were calculated, taking the toxicity of the material put on any column as 100 % 
b Enrichment of toxicity was calculated relative to the toxicity of the 90 % (NH4hS04 precipitate from plant]uice 

TABLE 2 Comparative analytical data of a water extract and fermentation extract from Pach F ( 1.4.1976) 

Yield 
Extract Acute toxicity Potassium Acid 

(g/kg) Mass (gil 00 g Toxicity (%) (m.eq/g) 
PachF) (kg LD) 

Water extract 35 35,5 1,06 3,41 0,708 

Fermentation extract 16 37 2,22 4,00 l ,053 
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FIG. I Chromatogram of the excluded macromolecular toxic fraction 
from Sepharose 4B on Sepharose 2B 

this macromolecular fraction the ideal material for use in 
further isolation work. Unfortunately, however, the 
yields never exceeded 2 % as calculated from the origi
nal LD 100 (200 glkg) to sheep of the plant material. A 
more effective way of extracting toxicity from the plant 
material was therefore sought. 

Fermentation extracts ofPach F 
A simple method for the liberation of toxicity from the 

plant material was obtained by fermentation of Pach F 
with baker's yeast and sucrose (Cronje, 1976). 

At 16 g/kg, the fermentation extracts were twice as 
toxic as aqueous extracts from Pach F (Table 2) and 
apparently gave quantitative recovery of toxicity. Con
trary to the delayed response of 3-4 days evoked in gui
nea-pigs with the macromolecular fraction, lethal doses 
of fermentation extracts invariably caused acute death 
within 6 hours . Moreover, the toxic entity was now 
dialysable , i.e. of low molecular mass(< 6000 dalton). 
The potassium and acid content of a lethal dose of fer
mentation extract was much lower than that of an 
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aqueous extract, and fermentation extracts can therefore 
be expected to contain a considerable amount of toxicity 
other than causing metabolic acidosis. 

Heat lability 

Indications that the toxic entity might possibly be heat 
labile were first observed by T . W . Naude (unpublished 
results, 1968), as drying of the plant material in the 
shade caused a 50 % decrease in toxicity when adminis
tered to sheep. We investigated this further by doing heat 
lability tests directly on the plant material or on the fer
mentation extracts . The results of a representative exper
iment appear in Table 3, and indicate that at least 33 % 
of the total toxicity of fermentation extracts could thus be 
inactivated. This would suggest that at least 33 % of the 
toxicity of the fermentation extract was not due to meta
bolic acidosis. It is noteworthy that only after fermenta~ 
tion could the heat labile toxic entity be observed in the 
aqueous phase (see Table 4). 

This raised the question as to whether fermentation 
had its effect on the liberation of toxicity from the plant 
residue or caused an activation of latent toxicity in the 
aqueous extract. Exhaustive aqueous extraction of Pach 
F, followed by fermentation of the plant residue with 
sucrose , did not result in an enriched toxic extract, and 
this led us to suspect that the toxicity resided in the 
aqueous extract. 

Fermentation experiments were then done on reconsti
tuted mixtures of heated/unheated aqueous extracts and 
residues of Pach F. A typical result is shown in Table 4. 
It appeared that the heat labile toxicity remained asso
ciated with the residue after aqueous extraction. 

The similar volumes of C02 produced during fermen
tation eliminate the possibility that a decrease in toxicity 
resulted from impaired fermentation caused by heat 
treatment of either the aqueous extract or the residue . 
The MLD determined for fermentation extracts from 
reconstituted aqueous extract and autoclaved residue (see 
Table 5) suggests that up to 50 % of the toxicity of 
fermentation extracts could be destroyed by heat treat
ment of the residue . 

TABLE 3 Heat lability of the entity of fermentation extracts of Pachystigma pygmaeum (23 .4. 1979) toxic to guinea-pigs 

Fraction 

Fermentation extract 

Autoclaved fermentation extract 

Fermentation extract of au toe laved plant material 

Acute toxicity (g/kg) 

20 

30 

30 
Not lethal 

TABLE 4 Effect of heat treatment on the toxicity of the aqueous extract and plant residue of acetone-treated Pach F ( 16. 3. 1978) 

Amount of Amount of dry Volume C02 Yield of dry fer-
Reconstitution mixture aqueous extract residue produced during mentation extract Acute toxicity (g/kg) 

(g) (g) fermentation (mC (g) 

Control: Untreated aqueous extract and residue 9 ,5 32 905 8 ,86 16 

I. Boiled aqueous extract and untreated residue 9,5 32 935 8,8 1 16 

2. Autoclaved residue and untreated water extract 9 ,5 32 l 030 10,13 16-Not toxic 

TABLE 5 Minimum acute lethal dose of fermentation extracts from reconstituted aqueous extracts and heat treated residue of Pach F (30 .3. 1978) 

Amount of Volume C02 produced Yield of dry fermen-
Reconstitution mixture aqueous extract during fermentation tation extract MLD (g/kg) 

(g) (mC) (g) 

Control: Untreated aqueous extract and 
residue 11 ,6 1 050 8 ,53 14 

Autoclaved residue and untreated water 
extract 11 ,6 1 083 9,59 28 
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These results suggest that the entity toxic to guinea
pigs in P. pygmaeum is part of a complex in the plant 
material from which it can be liberated by fermentation. 
Should this entity also be the causative agent for "gou
siekte" in ruminants, one can postulate that the micro
bial digestion in the rumen is required for the liberation 
of toxicity. This might be the reason for the fact that 
animals other than ruminants are in practice not suscepti
ble to poisoning. 
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