


A COMPARISON OF HAEMODYNAMIC AND VASOCONSTRICTORY RESPONSES IN SHEEP
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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, ¢ = 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 of 2 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 hea and lungs with a sodium

! Edwards Model 9520A

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 (Van der Walt et
al., 1981; Van Rooyen & Van der Walt, 1989).
Thromboxane and prostacycline in the serum were
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showed only a slight response could be sensitized by
regular intravenous or subcutaneous injection of a
small dosage once a week. On the other hand, 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 extracted fraction could be
reduced or eliminated by intravenous adminstration
of 300 mg of phenylbutazone®. Several animals
which collapsed as a result of the fraction were saved
by an injection of phenylbutazone. The ECG res-
ponse obtained under nearly fatal conditions (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 chronic symptons or
congestive heart fa re 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 adm istration 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 irreversible damage
of the myocardium after a latency period of approxi-
mately 4-8 weeks.

The ECG changes, which are an indication of se-
vere myocardial ischaemia (Fig. 1c, d) and the disap-
perance of these symtoms with phenylbutazone,
.Whl'Ch is an inhibitor of prostaglandine synthesis, are
indications that thromboxane and prostacycline may
be involved in the actute reaction to the extracted
fraction.

Thromboxane and prostacycline levels were
determined in 4 sheep. For 2 of these animais 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 lant material through rumen
fistula, the prostaglan ne levels were also changed.
F(_)r 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 o zr 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 (Veldsman, 1952;
Anderson & De Kock, 1959; Potgieter, Jordaan,
Cronje & Meij, 1975; Verschoor & Potgieter, 1984).
While the aim of some studies with isolated fractions
was to determine the molecular composition of the
toxic compound, ours was to induce acute symptoms
so that some of the different mechanismsv™ " h vy
be involved in gousiekte could be identineu. ver-
schoor & Potgicter (1984) found that a dosage of
0,5-0,7 g/kg of a macromolecular fraction from plant
juice was lethal when injected subcutaneously in a
guinea-pig. Although toxicity was not determined by
obtaining lethal dosage values, acute reactions were
obtained in our experiments with 0,05 g/kg for sub-
cutaneous injections in sheep.

The ECG changes observed with the extracted
fraction correlated quantitatively with other results
reported on gousiekte (Pretorius & Terblanche,
1967; Fourie et al., 1989). The inverted T wave
which was one of the criteria used by Fourie et al.
(1989) for diagnosis of cardiac function was always
observed in 1 of the ECG leads before the heart
showe ischaemic ST segment shifts. The symptoms
of myocardial ischaemia and myocardial arrhyth-
mias, observed with the toxic fraction, may explain
the sudden death often occurring with gousiekte
without previous symptoms of congestive myocar-
dial failure. A fatal episode of gousiekte such as this
may occur if the level of the toxic substance rises as a
result of an increased absorption or as a result of
metabolic activation of the substance, if the animal
becomes sensitized to the substance or as a result,
myocardial arrhytmias which are typical of gou-
siekte.

The sensitization of the pulmonary arterial
pressure response and the ECG changes when the
toxic fraction is given at weekly intervals may be an
indication that an immune mechanism is involved.
Desensitization, on the other hand, may be due to
the depletion of the vaso-active substances involved,
when the toxic fraction is injected at daily intervals.

The extent of the changes in pulmonary vascular
resistance as well as the ischaemic ECG changes
induced can only be explained if it is assumed that
a very potent vasoconstrictor substance is involved.
The irhibitory effect of the prostaglandine inhibitor,
pheny utazone, prompted a study for the determin-
ation ot the levels of thromboxane and prostacycline
in serum of animals injected with the toxic fraction
as well as for animals dosed with plant material. In
both in<tances, changes were observed in these pros-
taglar nes. Although the design of these experi-
ments does not allow for a quantitative correlation
between prostaglandine levels and physiological
function, it indicates involvement of prostaglandines
in the development of gousiekte, whether directly or
indirectly. It must also be taken into consideration
that, as thromboxane is a vasoconstrictor and prosta-
cycline a vasodilator, the ratio of these 2 substances
may be the important factor during the develpment
of gousiekte.

The changes in haemodynamic parameters as a
result of a subcutaneous injection of 2 g of toxic
fraction show good correlation with changes ob-
served with the development of gousiekte as a result
of the dosing of plant material through rumen fistula



(Van der Walt et al., 1981). The decrease in stroke
volume, while the pulmonary capillary wedge pres-
e remains relatively constant, is ar ~ “ication of a
rrease in myocardial contra~*lity. 1his is con-
nrmed by the increase in the Cl. ., an indication of a
reased pump function of the heart (Van der Walt
et al., 1981; Van Rooyen e al., 1989). If compensa-
ity mechanisms are also impaired, this may even-
lally 3o lead to myocardial failure. The increased
pulmonary arterial pressure and pulmonary vascular
s ce, which are caused by pulmonary vaso-
constriction, increase the afterload on the right
acle, while it may also impair the filling of the

1ert ventricle.

~ Until the mechanisms involved in gousiekte are
identified, it would be difficult to make predictions

om correlations in symptoms from a model where
acute symptoms are evoked by injections of a toxic
fraction and a model where chronic symptoms are
ohtained with administration of plant material

rough rumen fistula. Differences can be expected,
especially as digestion in the alimentary tract may
~hange the activity of the active substance.

:rschoor & Potgieter (1984) found that fermenta-
tion of the plant extracts increased the toxicity and
suggested that microbial digestion in the rumen may
be required for obtaining effective toxicity.

_ The effects seen with the injection of a toxic frac-

tion extracted form Pachystigma pygmaeum in sheep
wwed a good correlation with results obtained in
‘ep 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
ne cases of gousiekte. The experimental results

with thromboxane and prostacycline may indicate
it these prostaglandines are involved in the devel-
ment of gousiekte.
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