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Poisoning with the plant Lasiospermum bipinnatum was studied in 9 lambs at various dose levels.
Dyspnoea and tachypnoea, which were dose-related, were observed in 4 of the lambs. Gross and
microscopic pulmonary lesions were found in all the lambs receiving plant material originating from one
source but not in those given plant from another locality. The severity of the lesions appeared to be
dose-dependent. Macroscopic lesions included pulmonary and mediastinal emphysema, congestion and
oedema. Microscopically Clara cell hypertrophy and hyperplasia, and interstitial pneumonia were the
most outstanding findings. It is speculated that the pulmonary lesions were induced by a furanosesqui-
terpene or tryptophan or a combination of both of these toxins in the dosed plant material. Miscella-
neous and inconsistent lesions observed in the experimental animals included widespread haemorrhage

yPERMUM BIPINNATUM

(1 lamb), transudations into the body cavities and adrenocortical hyperplasia.

INTRODUCTION

Lasiospermum bipinnatum, c
ganskweek, has been reported a  cause of poison-
ing in ruminants in the field in >uth Africa on a
number of occasions (Walsh, 1 9; Adelaar, Ter-
blanche, Smit, Naudé & Codd, 1964; Fair, Tustin &
Adelaar, 1970; Thornton, 1977). Adelaar et al.
(1964) were the first to show, experimentally, that
the plant is poisonous to sheep. The lesions are not
reported in any detail, but the most striking changes
were found in the liver. Hepatic lesions described by
others as well as those produced during the present
experiments have been reported in detail elsewhere
(Williams, 1990). This paper describes hitherto un-
recorded, significant pulmonary lesions with experi-
mental L. bipinnatum poisonir~ as well as other
minor or inconsistent pathologic changes.

MATERIALS AND METHODS

These have been documented in a previous publi-
cation (Williams, 1990).

monly known as

RESULTS

Clinical signs

General clinical signs and those related to hepatic
dysfunction in the 9 poisoned sheep have been re-
ported (Williams, 1990). Clinical signs relating to
Fulmonary dysfunction were observed in 4 of the 9
ambs poisoned (C, D, E & F). All these animals
were given toxic material collected from near Cra-
dock. The 2 sheep dosed with plant collected from
near Graaff-Reinet (B & G), the 3 sheep receiving
very high or very low doses of Cradock material (A,
H & T), as well as the controls (J & K), did not show
abnormalities of respiration.

Lambs given 6 or 8 g/kg/day of the Cradock batch
of ganskweek (C, D & E) showed severe dyspnoea
on the 5th or 6th day after commencement of dosing.
The onset of respiratory distress was fairly sudden,
the affected animals exhibiting deep and rapid inspi-
ratory and expiratory movements up until the time
they died or were killed. Lamb F, which received 4
g/kg/day of the Cradock material, was moderately
depressed and anorexic on Day 6. It was not dosed
on Day 7, and dosing was resumed the following day
when the animal seemed to be in good health. Mild
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depression and a slight increase in the rate and depth
of respiration were noted on Day 10, but the lamb
appeared to be quite well on the subsequent days
until slaughtered on Day 14.

Gross pulmonary and miscellaneous pathology

Gross pulmonary lesions were found in all the
sheep that received plant material collected at Cra-
dock (Lambs A, C, D, E, F, H and I). The severity
of the changes was variable but was clearly depen-
dent on the dose level of plant material. In general,
the lungs did not collapse when the thoracic cavity
was opened and they had a more or less doughy or
meaty consistency, particularly in Lambs C, D and

In the animal given the highest dose of ganskweek
(Lamb A), the lungs had a deep purple-red colour,
the lobules were more distinct and the lungs felt
heavy. Patches of lung tissue, where the alveoli ap-
peared to be overdistended with air, were observed.
Copious amounts of bloody fluid exuded from the
cut surface of the lung, attesting to the presence of
severe conrestion and oedema of the parenchyma.
The bron i and bronchioles were filled with turgid
foam, and the laryngeal and tracheal mucosae
showed severe, multiple, linear, petechial and ec-
chymotic haemorrhages which extended into the
proximal portions of the bronchial tree.

The lungs of Lambs C and E had a similar appear-
ance (Fig. 1). They were enlarged, and the whole
surface was broken up into a mosaic pattern of deep
purple-red areas comprising a number of atelectatic
adjacent lobules interspersed with groups of light
pink, raised, emphysematous lobules. The dark red
areas of atelectasis were mainly located in the dorsal
portions of the lung. The interlobular septa were
widened, sometimes markedly so, by the accumula-
tion of minute air bubbles. A large number of gas
bubbles up to 2 mm in diameter were noted under
the visceral pleura, particularly on the diaphrag-
matic lung surfaces. In both cases, the lungs were
severely congested and moderately oedematous. In
Lamb E, emphysema had extended from the lungs
to involve the mediastinum and pericardium (Fig.
1). From there it stretched caudally to the dia-
phragm and cranially, via the thoracic inlet, to half-
way up the neck, in a peri-oesophageal location.

In Case D, the lungs were enlarged, pinkish-red
and had a fleshy appearance and feel (Fig. 2). They
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cytoplasms. In proliferated cells, the nucleus was
moderately enlarged and hyperchromic, and con-
tained 1 very large nucleolus or 2 fairly large ones.
The cytoplasm was variably more basophilic. Mitotic
figures and conjoined daughter cells were frequently
observed, especially in Lamb D.

Degenerative lesions in the Clara cells, as inter-
preted from mildly increased cytoplasmic vacuola-
tion, seemed to occur only in the high-dose group.
Increased desquamation of apical blebs of cytoplasm
or of whole epithelial cells, on the other hand,
appeared not to be related to dose levels and was
clearest in Lambs A, Fand I.

Circulatory disturbances of the pulmonary vascu-
lature were manifested as congestion and oedema.
Congestion of the lung parenchyma was apparent in
all the lambs, including the controls. It was very
severe in Lamb A, marked in C and E, moderate in
B and D and mild in the remaining animals. Fibrin-
rich fluid, indicative of oedema, was seen only in the
alveoli of the 3 sheep that had di=d naturally (A, C
and E). It was most marked in amb A and least
noticeable in E.

Neutrophils were observed in the alveolar capilla-
ries in all the sheep and in the interstitium and alveo-
lar lumens of some. Moderate to marked increases,
with cells being present in the alveolar spaces, were
noted in Lambs A, B, C and E. Mild neutrophilic
{euli)ostasis was seen in the capillaries in the other
ambs.

Small, scattered aggregations of eosinophils, neu-
trophils and mast cells were found in the lungs of
Lambs A, C, D and E. Sections cut from different
blocks of lung tissue from the same animal did not
invariably show these aggregations. This was true
even for Lamb C, which had the most marked infil-
tration of these cells.

The interstitial and alveolar emphysema noted
under the description of gross pathology in Lambs
A, C, D and E was confirmed histologically (Fig. 6).

Other organs

The majority of cells of all 3 zones of the adrenal
cortex of Lambs B, C, D, E and F were swollen,
with excessively vacuolated cytoplasms and vesicular
nuclei. No changes were observed in the adrenal
cortices of Lambs H, I, J and K. The adrenal gland
of Lamb A exhibited post-mortem autolysis.

Significant histological lesions were not found in
sections of kidney, myocardium, skeletal muscle,
lymph node, spleen, brain, abomasum, small and
large intestine and pancreas.

Electron microscopical pathology

Sections of the lungs of Lamb E showed the most
severe lesions of those examined with the EM
(Lambs E, F, G, H and I). Hyperplasia of the non-
ciliated bronchiolar epithelial cells (Clara cells) was
the most outstanding change in the lungs and
occurred in the distal portions of the bronchioles
(Fig. 7). In Lamb E, there appeared to be a marked
increase in desquamating Clara cells, many of which
contained characteristic, highly osmiophilic, secre-
tory granules (Fig. 8). Some of the Clara cells had
very large vesicular nuclei and prominent nucleoli,
with a narrow rim of lucent cytoplasm (Fig. 9). The
cytoplasm of these cells contained numerous, inva-
riably more electron-lucent, swollen mitochondria
(Fig. 10). Disintegrating, fuzzy cristac were
0 rvedin ne mitochondria. These highly active
ceus probabiy represented newly formed Clara cells

266

and only occasional, small secretory granules were
found in 1em. Numerous mast cells were also
observed in the oedematous peribronchiolar stroma

(Fig. 7).
DISCUSSION

Significant pulmonary lesions or the clinical sign
of dyspnoea related to lung pathology have not been
reported in either natural or experimental gans-
kweek poisoning in r ~ ants. Varying . s of
pulmonary congestion ana oedema (Adelaar et al.,
1964; Kellerman, Basson, Naudé, Van Rensburg -
Welman, 1973) and, in some cases, ecchymotic hac-
morrhages (Adelaar et al., 1964; Fair et al., 1970) are
the only changes recorded. In the present study,
variable degrees of congestion were found in the
lungs of all the lambs, including those of the control
animals, but pulmonary oedema was observed only
in sheep which had died naturally (Lambs A, C and
E). A degree of lung congestion was probably
induced by barbiturate administration at the time of
euthenasia, while pulmonary oedema most likely
developed agonally in the 3 sheep that died natu-
rally.

Specific microscopic and macroscopic, dose-
dependent pulmonary lesions were found in all the
lambs that had received plant material originating
from Cradock (A, C, D, E, F, H and I), but were
absent from the lungs of lambs given the Graaff-
Reinet material (B and G). The primary injury
appeared to be to the non-ciliated epithelial cells (=
Clara cells) (Smith, Greenburg & Spjut, 1979; Wid-
dicombe & Pack, 1982) occurring in the distal por-
tions of the bronchioles. Under the light microscope,
these cells appeared to be hypertrophied and hyper-
plastic in some lambs. In other animals, the Clara
cells showed degenerative changes and, in a few
cases, there seemed to be an increased rate of
desquamation of whole cells and/or their cytoplasmic
apices. The light microscopic observations were con-
firmed by electron microscopic examination of
terminal bronchioles in Lamb E (Fig. 7-10).

Knowledge about the Clara cell has recently been
reviewed (Greenburg, Lewis & Levy, 1975; Widdi-
combe & Pack, 1982) and a number of reports deal-
ing with comparative ultrastructural features of
these cells in mammals have been published (Plop-
per, Mariassy & Hill, 1980 a, b & c; Smith et al.,
1979). Clara cells in different species have no com-
mon definitive ultrastructural Eeatures, and within
the same section in the same animal the cells may
show very different morphologies (Widdicombe &
Pack, 1982). Despite this variability, it is possible to
state that the Clara cell of sheep is characterized by
abundant ovoid secretory granules and SER (Plop-
per et al., 1980b). Aside from its presumed role as a
secretory cell in the terminal airways, it has recently
been shown that the Clara cell is the chief site in the
lung for cytochrome P-450-dependent, mixed func-
tion oxidase (MFO) activity (Boyd, 1977). The oxi-
dases are bound to microsomes on the SER, where
they serve to polarize lipophilic molecules, including
drugs and toxins, in order to facilitate their excretion
(Bradley & Carlson, 1980; Widdicombe & Pack,
1982).

Toxins, such as 4-ipomeanol (Boyd, 1977;
Durham, Boyd & Castleman, 1985), carbon tetra-
chloride (Boyd, Statham & Pongo, 1980), 3-methyl-
furan (Boyd, Statham, Franklin & Mitchell, 1978)
and 3-methylindole (Bradley & Carlson, 1980; Bray
& Carlson, 1979; Huang, Carlson, Bray & Bradley,
1977) have a selectively injurious effect on Clara









