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ABSTRACT 

BOTHA, C.J., KELLERMAN, T.S. , SCHULTZ, R. ANITRA, ERASMUS, G.L., VLEGGAAR, R. & RETIEF, 
ELIZABETH. 1998. Krimpsiekte in a sheep following a single dose of Tylecodon ventricosus (Burm. f.) 
Toelken and the isolation of tyledoside D from this plant species. Onderstepoort Journal of Veterinary 
Research, 65:17- 23 

Tylecodon ventricosus induced severe respiratory distress in two penned sheep without any electro
cardiographic abnormalities being recorded. Based on the results it appears as if T ventricosus pre
dominantly induces the neuromuscular syndrome referred to as krimpsiekte. A single, relatively large 
intraruminal dose of 10,0 g/kg induced krimpsiekte in one sheep. Treatment with 5,0 g/kg activated 
charcoal on two consecutive days did not prevent the development of krimpsiekte. A bufadienolide, 
tyledoside D, was isolated from semi-dried plant material. 
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INTRODUCTION 

Poisoning of livestock with cardiac glycoside-contain
ing plants is collectively the most important plant poi
soning in the Republic of South Africa (Kellerman, 
Naude & Fourie 1996). Based on symptomatology, 
cardiac glycoside intoxication is classified as either 
an acute or chronic condition. Krimpsiekte, a chronic 
form of cardiac glycoside poisoning, manifests as a 
paretic syndrome and predominantly occurs in small 
stock. Affected stock lag behind the flock; assume a 
characteristic posture, with feet together and back 
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arched (hence "krimpsiekte" or "shrinking disease"); 
display torticollis; often lie down and eventually be
come paralysed. In general, the cardiac, respiratory 
and intestinal symptoms, which are typical in acute 
poisoning, diminish and the neuromuscular signs 
increase (Kellerman, Coetzer & Naude 1988; Keller
man et a/. 1996). 

Krimpsiekte occurs following ingestion of certain 
members of the Crassulaceae (Cotyledon, Tylecodon 
and Kalanchoe species) which are collectively and 
colloquially known as "plakkies". This toxicosis is 
generally believed to be caused by cumulative bufa
dienolides with unique neurotoxic properties, encoun
tered in these genera (Kellerman eta/. 1988; Naude, 
Anderson, Schultz & Kellerman 1992). Naude & 
Schultz (1982) coined the term "cumulative bufa
dienolides"following the successful demonstration of 
a cumulative effect with cotyledoside isolated from 
Tylecodon wallichii. These authors determined the 
subcutaneous LD50 of cotyledoside in guinea-pigs 
and then injected others subcutaneously with 25 % 
and 50 % of the subcutaneous LD50 per day until they 
died. Although no clinical signs appeared before the 
LD50 was reached, marked nervous signs occurred 
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when 5 x 25% or 3 x 50 % the LD50 were adminis- Corolla glandular-tomentose to pubescent 
outside; tube cylindrical to obconi
cal, but bulging about the middle, 
16-19 x 8-11 mm; yellowish green 
below with purplish brown veins 
higher up; lobes 8-11 mm long, re
curved at apex. 

tered (Naude & Schultz 1982). 

Krimpsiekte can be a limiting factor for small stock 
production in the little Karoo and southern fringes of 
the great Karoo (Fig. 1) (Kellerman et at. 1996). 
Vahrmeijer (1981) stated that krimpsiekte or "nenta" 
has been a serious problem in southern Africa since 
1775. The condition was successfully reproduced in Carpels five, usually free, with distinct styles. 

ellipsoid, covered with vertical 
ridges and dense horizontal stria
tions in grooves (Toelken 1985). 

1891 when Soga fed Tylecodon ventricosus to goats, Seeds 
the first plant poisoning to be experimentally-induced 
in South Africa (Soga 1891). 

As the clinical signs of krimpsiekte may be confused 
with general weakness due to heart failure or even 
botulism, it was decided again to reproduce krimp
siekte with this historic plant. Since a novel neuro
toxic substance could not be isolated from T wallichii 
(Botha, Vander Lugt, Erasmus, Kellerman, Schultz 
& Vleggaar 1997) it was considered essential to de
termine whether the active principle(s) of T ventri
cosus also were cardiac glycosides. 

Although T ventricosus was the first plant with which 
krimpsiekte was successfully reproduced (Soga 
1891), a botanical description of the plant has not yet 
appeared in the veterinary literature and the toxic 
principle(s) has never been isolated. 

TYLECODON VENTRICOSUS (BURM. F.) 
TOELKEN 

Tylecodon ventricosus (Fig. 2) belongs to the Crassu
laceae, a cosmopolitan plant family with centres of 
diversity in southern Africa and central America. The 
species of the Crassulaceae are well-known leaf and 
stem succulents (Toelken 1985). 

DESCRIPTION 

Perennial, usually with a branched, tuberous base. 

Stems one to many, up to 0,3 m tall, fleshy, 
13-20 mm in diameter, pale green 
or brown. 

Leaves linear to oblanceolate, 30-60 x 3-
20 mm, apex acute, glandular-pu
bescent to glabrescent; old leaves 
remaining attached to phyllopodia. 

Inflorescence a thyrse, usually with one to three 
monochasia, each with one to three 
flowers; peduncle up to 0,38 m tall, 
brown, glandular-pubescent; pedi
cels up to 24 mm long, upright (Fig. 
3). 

Calyx five-partite; lobes triangular, 8-
12 mm long, sharply acute, glan
dular-tomentose, green. 
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Flowering time 

September to March. 

Relationships 

Tylecodon species are characterized by their spirally 
arranged, non-waxy, herbaceous, deciduous leaves 
(Smith, Hobson, Meyer, Chesselet, Archer, Bur
goyne, Glen, Herman, Retief, Smithies, Van Jaars
veld & Weiman 1993).Adromischus taxa also have 
spirally arranged leaves, but they are fleshy. The 
genera Crassula, Cotyledon, Kalanchoe and Bryo
phyllum usually all have opposite leaves. Tylecodon 
can be divided into two groups. The group to which 
T ventricosus belongs has leaves without a basal ab
scission layer, with the old leaves gradually wearing 
away. The other group has a basal abscission layer 
with no remains of old leaves attached to the stems. 
According to Toelken (1978), T ventricosus is an ex
tremely variable species which is distinguished from 
a number of very similar species by its thick stems, 
phyllopodia even when young and long, yellowish 
green petals with purplish brown veins. Tylecodon 
ventricosus is closely related to T grandiflorus (Burm. 
f.) Toelken. The relevant species, however, has actino
morphic flowers and a yellowish green corolla with 
purplish brown veins in contrast to T grandiflorus 
which is the only member of the Crassulaceae with 
orange to red, zygomorphic flowers (Toelken 1985). 

HABITAT 

Rock crevices, usually in the shade of smaller shrub
lets. 

DISTRIBUTION 

Tylecodon ventricosus is widespread in the Northern, 
Western and Eastern Cape Provinces of the Repub
lic of South Africa (Fig. 4). It is usually only known 
from isolated localities. The species occurs in vari
ous veld types, as defined by Acocks (1988), namely, 
Strandveld, Fynbos, Succulent Karoo, Mountain Re
nosterveld, Orange River Broken Veld, Karoo and 
karroid types. 



COMMON NAME 

Klipnenta or nenta. 

FIG. 1 The distribution of krimpsiekte in the Republic of South Africa 

FIG.2 
Ty/ecodon ventrico
sus (Burm. f.) Toelken 

Somerset East • 

C.J. BOTHA eta/. 

FIG.3 
The inflorescence 
of T. ventricosus with 
the flowers in an up
right position 
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FIG. 4 The distribution of T. ventricosus in the Republic of South 
Africa 

FIG. 5 Sheep 2 exhibiting the typical krimpsiekte-posture 

H 

FIG. 6 Tyledoside D 

0 

TYLECODON VENTRICOSUS DOSING TRIAL 

Materials and methods 

Two adult sheep, fitted with large rumen cannulae, 
were individually penned on concrete floors at the 
Laboratory Animal Facility of the Toxicology Division, 
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Onderstepoort Veterinary Institute. They had free 
access to water and were fed chopped hay and a pel
leted maize concentrate. During the adaptation pe
riod, daily clinical examinations and ECG (Ectromed) 
recordings, using Lead II, were carried out to estab
lish baseline values (Schultz, Pretorius, & Terblanche 
1972). Fresh T. ventricosus grown at the Facility from 
cuttings collected atWillowmore, Eastern Cape Prov
ince, was dosed via the rumen cannulae to two sheep 
as described in Table 1. Once signs of poisoning were 
noticed, the clinical examinations were more frequent
ly carried out. When clinical signs of poisoning be
came severe activated charcoal (Joubert & Schultz 
1982a,b,c) was administered at 2,0 and 5,0 g/kg to 
sheep 1 and sheep 2, respectively. 

RESULTS 

The clinical signs are summarized in order of appear
ance in Table 1. Tylecodon ventricosus was adminis
tered at an incremental dose rate of 2,5; 5,0 and 10,0 
g/kg , on three consecutive days, to sheep 1. The 
most prominent clinical signs were asphyxiatLon (pre
sumably as a result of respiratory paralysis) and tachy
cardia. Save for an increase in heart rate a normal 
ECG was recorded. The sheep died on day 3 follow
ing a respiratory crisis minutes after being dosed with 
activated charcoal . 

Sheep 2, dosed only once with 10,0 g/kg plant ma
terial intraruminally, displayed severe dyspnoea on 
day 1. No ECG abnormalities, even at this relatively 
high dose, were recorded. Physical removal of the 
rumen contents through the cannula and two treat
ments of 5,0 g/kg activated charcoal probably saved 
the life of the animal, but did not prevent the progres
sion to krimpsiekte. Typical signs of krimpsiekte were 
evinced by the sheep from day 6 to day 22 (Fig. 5). 

ISOLATION OF THE TOXIC PRINCIPLE(S) 

Materials and methods 

Tylecodon ventricosus was collected on the farm 
Carmel (33°13'S, 25°57'E) in the Somerset East dis
trict, Eastern Cape Province. Five kilograms of the 
semi-dried milled plant was extracted twice with ethyl 
acetate; the residue was discarded and the super
natant concentrated by rotary evaporation under re
duced pressure (Buchi, Switzerland). The extracted 
fraction was dissolved in methanol and water (95:5) 
before being defatted with an equal volume of 
hexane. The hexane fraction was discarded. Sepa
ration of the compounds was achieved using column 
chromatography (silica gel 60 and LiChroprep RP-
8, Merck). Fractions were analyzed by thin-layer chro
matography on silica gel 60 F 254 plates (Merck). Frac
tions containing compounds with similar R1 values 
were combined. These different fractions were dosed 
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Krimpsiekte in sheep 

orally to male, albino guinea-pigs (190-251 g body 
mass) to ascertain toxicity (Botha et at. 1997). A sin
gle toxic compound was purified. An ultraviolet ab
sorption spectrum was obtained (UV-260, Shimad
zu) and the toxin was further analyzed by nuclear 
magnetic resonance (NMR) spectroscopy. The 1H 
and 13C NMR spectra were measured for solutions 
in CDCI3 on a Bruker AC-300 (7.0 T) spectrometer 
operating at 300 MHz for 1 H and 75 MHz for 13C. 

RESULTS 

Two toxic compounds were isolated from T. ventri
cosus, although only one principle (5,0 mg) could be 
purified. Maximum UV absorption occurred at 288 nm 
indicating a gamma-lactone ring. All NMR signals 
matched those of an authentic sample of tyledoside 
D (Fig. 6) previously isolated from T. grandiflorus 
(Anderson, Joubert, Prozesky, Kellerman, Schultz, 
Procos & Olivier 1983; Steyn, Van Heerden, Vleggaar 
& Anderson 1986). The other fraction which was also 
toxic to guinea-pigs could not be purified as the total 
yield was only 3,0 mg. An UV absorption spectrum 
of this impure compound registered maximum ab
sorption at 286,8 nm, indicating a similar compound. 

DISCUSSION 

The findings of this trial bore out historical evidence 
that krimpsiekte can occur in hungry, newly intro
duced stock, taking in large amounts of plakkies on 
heavily infested veld (Henning 1926; Henning 1932). 
The results of this limited trial suggest that T. ventri
cosus induces only the neuromuscular syndrome. 
However, in the light of our current knowledge, it is 
difficult to explain how a single, high dose of T. ven
tricosus (supposedly containing cardiac glycosides) 
could induce krimpsiekte (a purely neurological ef
fect) apparently without electrophysiological cardiac 
involvement. According to our current understanding, 
high doses of plants containing cumulative bufa
dienolides cause signs of acute cardiac glycoside 
poisoning while small doses over a period of time 
result in chronic poisoning or krimpsiekte (Naude & 
Schultz 1982; Kellerman et at. 1988). Since there was 
no indication of a cumulative effect in the trial de
scribed here, it implied that an unidentified non-car
diac glycoside neurotoxin may be the causative 
agent. However, in the current as well as in the pre
vious study (Botha et at. 1997) no corroborating evi
dence could be found that a neurotoxin other than a 
cardiac glycoside is involved in the aetiology of krimp
siekte. 

Anderson et at. (1983) demonstrated that tyledoside 
D is cumulative. These authors administered small, 
consecutive daiiy doses (3 x 50 % or 5- 6 x 25 % of 
the approximate subcutaneous LD50) of tyledosides 
A, C, D, E and F subcutaneously to guinea-pigs. The 
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manifestation of clinical signs (i.e. tremors, neck 
paresis and paralysis) and/or mortality at such doses 
of tyledosides A, D and F were considered as indi
cative of their cumulative effect. Since the guinea
pigs injected with tyledoside C and E recovered be
tween successive doses, these bufadienolides were 
deemed non-cumulative. 

Sheep 1 died suddenly of suspected respiratory 
paralysis soon after the administration of activated 
charcoal. Joubert & Schultz (1982b) also reported 
that animals acutely poisoned with cardiotoxic glyco
sides (e.g. tulp poisoning) succumb during the treat
ment process, possibly as result of "stress" induced 
by the handling, intubation and restraint of these 
physiologically compromised animals. Hypoxaemia 
resulting from pulmonary dysfunction is central to the 
pathophysiological derangements encountered be
fore death in this type of acute poisoning (Button, 
Reyers, Meltzer, Mulders & Killeen 1983; Button & 
Mulders 1984). 

Sheep 2 developed krimpsiekte in spite of twice be
ing treated with activated charcoal. Activated char
coal at 5,0 g/kg is usually very effective in the treat
ment of acute cardiac glycoside poisoning (Joubert 
& Schultz, 1982a,b) . This implies that once the cumu
lative bufadienolides have been absorbed, activated 
charcoal is not as effective in treating krimpsiekte as 
acute poisoning. Activated charcoal has been shown 
to enhance the clearance of digoxin administered in
travenously to human volunteers (Lalonde, Deshpan
de, Hamilton, Mclean & Greenway 1985). The ben
eficial effect of activated charcoal possibly involves 
disruption of the enterohepatic circulation of digoxin 
as well as adsorption of digoxin molecules diffusing 
into the gastrointestinal lumen, thereby also maximiz
ing the diffusion gradient (Lalonde eta/. 1985). In this 
study, treatment with activated charcoal did not 
prevent krimpsiekte and it is surmised that once ab
sorbed, these particular neurotoxic bufadienolides 
might have such a strong affinity for and/or a very 
stable binding to receptor sites that it renders the 
binding not readily reversible. 

No signs of cardiac involvement could be detected 
in either of these acutely poisoned sheep, even with 
the aid of an EGG. The apparent lack of conductive 
changes in the heart is consistent with previous re
ports (Anderson et at. 1983; Both a et at. 1997). 

A laevorotatory sugar at C3 of the aglycone's A-ring 
which in all cases, except for the lanceotoxins, is very 
strongly (either doubly or triply) ether-linked to this 
ring appears to be the only common features to all 
the cumulative bufadienol ides so far identified. This 
could be the reason for possible kinetic and dynamic 
differences resulting in the unique neurotoxic prop
erty exhibited by these compounds (Naude et at. 
1992). It has been shown that neurospecificity of 
some of the cumulative bufadienolides is not related 
to differences in Na+JK+-pump inhibition (Van der 



Walt, Van Rooyen, Kellerman, Carmeliet & Verdonck 
1997). Further studies are necessary to determine 
the precise pathogenesis of krimpsiekte. 
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