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A COMPARISON OF HAEMODYNAMIC AND V ASOCONSTRICTORY RESPONSES 
IN SHEEP WITH A TOXIC FRACTION FROM PACHYSTIGMA PYGMAEUM AND 

WITH THE PLANT MATERIAL 
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ABSTRACT 

VANDER WALT J. J., VAN ROOYEN, J. M. & LOTTER, A . P., 1990. A comparison of 
haemodynamic and vasoconstrictory responses in sheep with a toxic fraction from Pachystigma pyg­
maeum and with the plant material. Onderstepoon Journal of Veterinary Research, 57, 157-161 (1990) 

ST-segment changes in the ECG, which are an indication of acute myocardial ischaemia, are 
obtained when a small quantity of an extract from dried Pachystigma pygmaeum is injected intrave­
nously in sheep. When the fraction was injected subcutaneously, animals reached a crisis after about 5 h, 
with low values of stroke volumes and high values for pulmonary arterial pressures, pulmonary vascular 
resistances and heart rates. The haemodynamic changes are an indication of the development of pump 
failure of the heart. In sheep, injected subcutaneously with the toxic fraction, as well as for sheep dosed 
with plant material through rumen fistula, increased serum levels for thromboxane and increased or 
decreased levels for prostacycline were observed. The experimental results are interpreted as being an 
indication that these prostaglandines may be involved in the development of goustekte by impeding 
cardiopulmonary function as a result of coronary and pulmonary vasoconstriction. The sudden death 
observed in some gousiekte sheep may be due to myocardial ischaemia and associated arrhythmias. 

INTRODUCTION 

Gousiekte is a disease which has been studied ex­
tensively for some time (Walker, 1908; Theiler, Du 
Toit & Mittchell, 1923), but no solution for the 
problem has been found. It causes large losses in 
domestic ruminants grazing on fields where certain 
plants of the family Rubiaceae such as Pachystigma 
pygmaeum occurs (Kellerman, Coetzer & Naude, 
1988). Although the clinical symptoms and sudden 
death after a latency period of 4-8 weeks are indica­
tions of heart failure, the precise physiological mech­
anisms involved are unknown. Pathological lesions, 
often observed, are multifocal-diffuse myocardial 
fibroses with mild to moderate round cell infiltration 
(Theiler et a/. , 1923) as well as various degrees of 
ventricular dilatation and thinning of the free ventri­
cular walls (Prozesky, Fourie, Neser & Nel, 1988). 

The most prominent clinical symptoms of 
gousiekte are dispnoea, tachycardia and gallop 
rhythms. The chan~es in the heart sounds are usually 
a sr.litting of the first sound and systolic murmurs, 
while ECG changes, which are ty_eical of a variety of 
arrhythmic conditions, occur (Pretorius & Ter­
blanche, 1967). The most prominent haemodynamic 
changes are increased ventricular filling pressures, 
decreased stroke volumes and cardiac outputs. Ven­
tricular failure occurs when the stroke volume de­
creases from a control value of about 50 me to 40 me 
for left- and to 20 me for right- and hi-ventricular 
failure (Van der Walt, Van Rooyen, Cilliers, Van 
Ryssen & Van Aarde, 1981). The most sensitive di­
agnostic haemodynamic criterion for diagnosis of 
gousiekte is the cardiopulmonary flow index (CPFI), 
which is the ratio of the cardiopulmonary blood 
volume to stroke volume (Vander Walt eta/., 1981). 
Early diagnosis of gousiekte is rossible through the 
detection of increased levels o aspartate transami­
nase (Fourie, Schultz, Prozesky, Kellerman & La­
buschagne, 1989). 

The aim of this study was to investigate the mech­
anisms involved in gousiekte by comparing the ef-
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fects of intravenous or subcutaneous administration 
of a toxic fraction extracted from Pachystigma pyg­
maeum with those of the terminal phase inducted by 
dosing sheep with the plant material through rumen 
fistula. 

MATERIALS AND METHODS 

Twenty-eight full-grown sheep were dosed either 
with sun-dried Pachystigma pygmaeum through ru­
men fistula or with an intravenous or subcutaneous 
injection of an active extract of dried plant material. 
The dosage through rumen fistula was 300 g/day for 
dried plant material. The dosing with plant material 
was stopped as soon as the CPFI started to rise 
above values of 9, which was within 21 days for 1 
sheep and 34 days for the other. For intravenous and 
subcutaneous administration of the toxic fraction 
2-10 mg and 0,05-5 g were used respectively. In 20 
animals intravenous injections were given with inter­
vals varying from 7-10 days. ST-segment changes of 
the ECG and pulmonary arterial pressure changes 
were recorded for these animals during a period of . 
20 min after each injection. Desensitization was ob­
served at a later stage on a group of 5 of these ani­
mals by injecting a small dose every day or by inject­
ing a progressively larger dose twice a week. The 
sensitivity of these animals for the toxic fraction 
were determined at regular intervals with a small 
intravenous injection. Two groups of 4 animals were 
used for recording changes in haemodynamic param­
eters and prostaglandines respectively. 

The active extract was obtained by mixing pulve­
rized dried leaves with calcium carbonate and keep­
ing it in a water suspension for 24-48 h. The solution 
was then pressed out, filtered, and a fraction precipi­
tated with methanol. The precipitate was dned and 
stored at 4 oc_ Before use, the precipitate was dis­
solved in distilled water, centrifuged at 10 000 rpm 
for 1 min, and the supernatant injected. 

Post mortem analysis for the 2 sheep dosed 
through rumen fistula were typical of congestive 
miocardial failure and were indentical to that ob­
tained in another project in which 34 animals were 
used (Vander Walt eta/., 1981). 

Cardiac output was measured by using the ther­
modilution technique with a 7 F-110 em Swan-Ganz 
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FIG. 1 Changes in ECG (leads 11 and 111) and in the pulmonary arterial pressure (PAP) taking place consecutively during the first 120 s 
after an intravenous injection of 5 mg of the extracted fraction, a= control, b =a vertricular extrasystoly, c = large T-waves and 
ST-segment shifts and d = the animal collapsed 
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FIG. 2 Changes in haemodynamic parameters as a result of a subcutaneous injection of2 g of the extracted fraction. 
Heart rate = HR, cardiac output = CO, pulmonary arterial pressure = PAP, pulmonary capillary wedge pressure= PCWP, 

pulmonary vascular resistance = PVR, cardiopulmonary flow index = CPFI and stroke volume = SV 

catheter and a cardiac output computer'. With the 
catheter, right atrial pressure, pulmonary arterial 
pressure and pulmonary capillary wedge pressure 
were determined. The cardiopulmonary flow index 
(CPFI) was determined by recording the flow of iso­
tope through the heart and lungs with a sodium 
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iodide crystal after injection of a bolus of technetium 
pertechnetate. The CPFI is calculated as quotient of 
the transit time of the isotope through the lungs and 
the period of the heartbeat. Under control condi­
tions, the CPFI has a value of 7 but with heart failure 
it increases to values in excess of 14 (Vander Walt et 
a/., 1981; Van Rooyen & Van der Walt, 1989). 
Thromboxane and prostacycline in the serum were 
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FIG. 3 Changes in thromboxane-B2 (TXB2) prostacycline (PGF) and pulmonary arterial pressure (PAP) in 2 sheep (a & b) as a result of a 
subcutaneous injection of 1 g of extracted fraction 
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FIG. 4 Changes in prostaglandines and pulmonary arterial pressure for 2 sheep (c & d) dosed with plant material through rumen fistula. 
Day 0 = the start of decompensatory heart failure 

determined by using test kits2 from New England 
Nuclear. 

RESULTS 

An intravenous injection of the fraction extracted 
from Pachystigma pygmaeum resulted in significant 
changes in cardiac and pulmonary function. Fig. 1 
shows some of the changes in the ECG and the pul­
monary arterial pressure (PAP) which were usually 
induced by injection of the toxic fraction. Within 
30 s, after the injection the PAP increased to values 
higher than 6,5 kPa, and ventricular extrasystoles 
could appear (Fig. 1b). With a small dosage offrac­
tion the T wave becomes biphasic and then inverted. 
With a larger dosage, the level of the ST segment is 
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shifted, and large T waves appear (Fig. 1c). These 
changes are typical of myocardial ischaemia. The 
animal used for this study collapsed when the ECG 
changed to that of Fig. 1 d. Of the 20 animals tested, 
all responded to intravenous injection of 2 mg-10 mg 
of the fraction with significant increases in PAP. In 
18 of these animals the ECG also showed changes 
which varied from biphasic T waves to changes in the 
ST segment. All the animals were tested more than 
once to determine changes in their sensitivity for the 
injected fraction. One animal, which was used as a 
control, was injected 21 times at different time inter­
vals. 

The reaction of the animals to intravenous injec­
tion of the fraction did not depend only on the spe­
cific animal and the dosage used but also on the 
previous history of contact of the animal with the 
fraction. Animals which did not respond at all or 
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showed only a slight response could b~ s~nsi_tized by 
regular intravenous or subcutaneous InJectwn of a 
small dosage once a week. On the oth~r. han~, ani­
mals which responded could be desensitized If _they 
received an inJection every day or a progressively 
increasing dosage twice a week. 

The physiological response of the cardiopulmo­
nary system to the ext~ acted fraction ~ould . be 
reduced or eliminated by mtravenous admmstratwn 
of 300 mg of phenylbutazone3

• Several animals 
which collapsed as a result of the fraction were saved 
by an injection of phenylbutazone. The. ~CG r~s­
ponse obtained under nearly fatal conditwns (Fig. 
1d) was changed to a normal ECG within a few min­
utes after administration of phenylbutazone. It 
should however be emphasized that phenylbutazone 
dit not have any effect on chrome symptons or 
congestive heart failure which develop mostly after 
dosing sleep through rumen fistula (Joubert, 1985). 

The influence of the extracted fraction on the car­
diovascular system was studied quantitatively after 
subcutaneous administration in 4 animals. Heart 
catheterization was used to record the haemody­
namic parameters. Approximately 5 h after the ani­
mals received the toxic fraction, a crisis developed 
with low stroke volumes and cardiac outputs, as well 
as high values for the CPFI, the pulmonary vascular 
resistance and the heart rate (Fig. 2). Beside the 
acute effects, some of the haemodynamic parame­
ters remained abnormal for more than 30 h. In 3 of 
these animals the experiment was repeated after a 
few days and the same results were obtained. The 
duration and the intensity of the symptoms produced 
by the injected fraction are in favour of the hypothe­
sis that the extract from Pachystigma pygmaeum 
contains the active ingredient which, when con­
sumed during grazing, leads to irrev~rsible damag_e 
of the myocardium after a latency penod of approxi­
mately 4-8 weeks. 

The ECG changes, which are an indication ~f se­
vere myocardial ischaemia (Fig. 1c, d) and the disap­
perance of these symtoms with phenylbut~one, 
which is an inhibitor of prostaglandine synth~sis, are 
indications that thromboxane and prostacychne may 
be involved in the actute reaction to the extracted 
fraction. 

Thromboxane and prostacycline levels were 
determined in 4 sheep. For 2 of these animals the 
determinations were done shortly after subcuta­
neous injection of fraction, while for the other 2 
plant material was dosed through rumen fistula and 
the prostaglandines were determined after haemo­
dynamic symptoms of decompensatory heart failure 
had been observed. Fig. 3 shows changes in the se­
rum levels of 6-keto-prostaglandine and thrombox­
ane-B2, which are stable metabolic products of the 
unstable prostacycline (PGF2) and thromboxane­
A2, as a result of a subcutaneous injection of 1 g of 
fraction. For both animals, large increases in these 
prostaglandines were observed during the first 30 
min after the injection. During this time the pulmo­
nary arterial pressures also rose to high values and 
correlated with the changes in thromboxane levels. 
For sheep dosed with plant material through rumen 
fistula, the prostaglandine levels were also changed. 
For 1 animal, both the thromboxane and prostacy­
cline levels were elevated with the start of the de­
compensation phase of heart failure (Fig. 4a, Day 
0), while for the other prostacycline did not change 
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much while thromboxane kept rising during decom­
pensatory failure (Fig. 4b). 

DISCUSSION 

Several groups have succeeded in isolating a toxic 
fraction from rubiaceous plants (V~ldsman, 1952; 
Anderson & De Kock, 1959; Potgiet~r, Jordaan, 
Cronje & Meij, 1975; Vers~hoo~ & _Potgteter, 19~). 
While the aim of some studies wtth tsolated fractwns 
was to determine the molecular composition of the 
toxic compound, ours was to induce ~cute syi_llptoms 
so that some of the different mechamsms which may 
be involved in gousiekte could be identified. Ver­
schoor & Potgieter (1984) found that a dosage of 
0,5-0,7 g!kg of a macro'!l?lecular fraction from p!ant 
juice was lethal when InJe~ted subcutaneou~ly m a 
guinea-pig. Although toxicity was not dete~med by 
obtaining lethal dosag~ values,. acute reactiOns were 
obtained in our expenments with 0,05 g/kg for sub­
cutaneous injections in sheep. 

The ECG changes ob~e~ed wit~ the extracted 
fraction correlated quantltattvelr with other results 
reported on gousiekte (Pretonu~ & Terblanche, 
1967; Fourie et al., 19~9) .. The mverted ! wave 
which was one of the cntena used by Foune et al. 
(1989) for diagnosis of cardiac function was always 
observed in 1 of the ECG leads before the heart 
showed ischaernic ST segment shifts. Th~ symptoms 
of myocardial ischaemia at;td my<?cardial arrhyt~­
mias, observed with the toxic fractiOn,_ may explam 
the sudden death often occurring with goustekte 
without previous symptoms of congestive myocar­
dial failure. A fatal episode of gousiekte sue~ as this 
may occur if the level of the tox~c substance nses as a 
result of an increased absorption or a_s a resu~t of 
metabolic activation of the substance, tf the ammal 
becomes sensitized to the substance o~ as a result, 
myocardial arrhytmias which are typtcal of gou­
siekte. 

The sensitization of the pulmonary arterial 
pressure response and the EC~ changes when the 
toxic fraction is given at weekly mte_rval~ "?-ay be an 
indication that an immune mechamsm IS mvolved. 
Desensitization, on the other hand, may ~e due to 
the depletion of the vas~-!l~tive substaJ?.ce~ mvolved, 
when the toxic fraction ts InJected at dally mtervals. 

The extent of the changes in pulmonary vascular 
resistance as well as the ischaemic ECG changes 
induced can only be explained if it is as_su!fied that 
a very potent vasoconstrictor substanc~ IS ~nv?lyed. 
The inhibitory effect of the prostaglandme mhibtt?r, 
phenylbutazone, prompted a study for the determ_m­
ation of the levels of thromboxane and pr~stacycl~ne 
in serum of animals injected with the toxtc fractiOn 
as well as for animals dosed with plant material. In 
both instances, changes were ob_served in these pro~­
taglandines. Although the design of these exp~n­
ments does not allow for a quantitative co~elat_wn 
between prostaglandine levels and phystolo&Ical 
function, it indicates involvement of prosta~landmes 
in the development of gousiekte, ~hether d~rectl~ or 
indirectly. It must also be taken m~o constderatwn 
that as thromboxane is a vasoconstnctor and prosta­
cycline a vasodilator, the ratio o~ these 2 substances 
may be the important factor dunng the develpment 
of gousiekte. 

The changes in haemodynamic parameters as _a 
result of a subcutaneous injection of 2 g of toxtc 
fraction show good correlation wi~h changes ob­
served with the development of gousiekte as a ~esult 
of the dosing of plant material through rumen fistula 



(Vander Walt et al., 1981). The decrease in stroke 
volume, while the pulmonary capillary wedge pres­
sure remains relatively constant, is an indication of a 
decrease in myocardial contractility. This is con­
firmed by the increase in the CPFI, an indication of a 
decreased pump function of the heart (Van der Walt 
et al., 1981; Van Rooyen et at., 1989). If compensa­
tory mechanisms are also impaired, this may even­
tually also lead to myocardial failure. The increased 
pulmonary arterial pressure and pulmonary vascular 
resista!lc~, w~ich are caused by pulmonary vaso­
constnchon, mcrease the afterload on the right 
ventricle, while it may also impair the filling of the 
left ventricle. 

Until the mechanisms involved in gousiekte are 
identified, it would be difficult to make predictions 
from correlations in symptoms from a model where 
acute symptoms are evoked by injections of a toxic 
fraction and a model where chronic symptoms are 
obtained with administration of plant material 
through rumen fistula. Differences can be expected, 
especially as digestion in the alimentary tract may 
change the activity of the active substance . 
yerschoor & Potgieter (1984) found that fermenta­
tion of the plant extracts increased the toxicity and 
suggest~d that microbial digestion in the rumen may 
be reqmred for obtaining effective toxicity. 
. The effects seen with the i,njection of a toxic frac­

tiOn extracted form Pachystigma pygmaeum in sheep 
showed a good correlation with results obtained in 
sheep dosed with the plant material through rumen 
fistula . With the injected fraction, symptoms of 
acute myocardial ischaemia were recorded, and this 
may be responsible for the sudden death observed in 
s~me cases of gousiekte. The experimental results 
wtth thromboxane and prostacycline may indicate 
that these prostaglandines are involved in the devel­
opment of gousiekte. 
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