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Hepatic changes induced by Schrebera alata (Hochst): a preliminary 
report on the toxicology of II kau kawa 
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Summary 

Sclirebera alata is a deciduous fuel tree from which 
the Saniburu people in Northern Kenya obtain 
bark for medicinal purposes. A pharmacologically 
active principle that produces analgesic effects can 
be extracted from the bark with hot water. When 
administered to rats daily for a period of 6 weeks, 
the extract of bark (referred to as II kau kawa by the 
Samburu) caused reduced activities of succinic 
dehydrogenase, an enzyme that is involved in 
oxidative processes, and cholincsterase in heart and 
liver tissues. Histological sections from the liver 
revealed extensive cellular degeneration and small 
areas with necrotic lesions. Only that fraction of the 
bark extracts which contained components less 
soluble in alcohol produced such lesions within a 
2 weeks period. The same fraction is associated 
with pharmacological activity. 

Since hepatic injuries occur frequently and the 
incidence of primary hepatic carcinoma is high in 
tropical areas, the role of natural toxins as 
aetiologic factors for cirrhotic conditions must be 
adequately clarified. It is apparent that bark from 
S. alata possesses some toxicity and its effects on the 
liver indicate it can contribute significantly to 
prevalent hepatocellular damages. 

Resume 

Schrebera alata est un arbre duqucl la tribu des 
Samburu de la Kenya du Nord obtient I'ccorce 
pour 1'usage medical. 

La substance pharmacologique active qui exerce 
un elTect analgcsique, pcut etrc extrait de I'ccorce 
par de I'eau chaude. 

Quand on administre aux rats journellcment 
I'cxtrait de I'ccorce appele par des Samburu (II 
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kau kawa), pour unc periode de six semaines, les 
activites de I'hydrogenase succinique, enzyme qui 
joue un role important dans des processus oxidatifs 
et de 1' esterase de choline dans les tissues du coeur 
et du foic sont reduites. 

Des preparations histologiques du foic demon-
trcnt une degeneration cellulaire extensive et des 
zones limitecs des ulcerations necrotiqucs. Ce 
n'est que la partic de I'ccorce qui conticnt des 
substances insolubles dans I' alcool, qui produit les 
ulcerations dans unc periode de deux semaines. 
La mcme partic est associee avec I* activite phar-
macologique la plus prononcee. 

Le nombrc des lesions hepatiques etant nom-
brcux dans les regions tropicales, le role des toxincs 
naturclles, jouant une importance ethnologiquc 
dans les degenerations cirrhotiques doit etrc elairci 
d'une fa<;on satisfaisante. II est apparent que 
I'ccorce de Samburu alata possede de toxicitc et son 
effect sur les tissues hepatiques indiquc qu'elle 
peut contribucr aux degats hcpatoccllulaircs d'une 
facon signiliante. 

II kau kawa is a medicinal preparation from the 
bark of the deciduous tree, Schrebera alata. It is 
used by the Samburu people of Northern Kenya 
for the alleviation of pain or other discomforts 
resulting from respiratory infections. The medicinal 
substance is obtained from the dried bark by 
steeping it in hot water and the resulting solution is 
frequently consumed as a tea or mixed with milk. 
Other species, Schrebera galtmcensis and Olea 
africana Mill., have been employed by the Masai, 
the Wcmba of Southern Africa and the Thlaping as 
headache remedies and eye lotions (Williamson, 
1955; Watt & Breycr-Brandwijh, 1962). 

After verbal reports on the effectiveness of II 
kau kawa as an analgesic drug, investigations of its 
pharmacological and toxic properties were initiated. 
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A report on the pharmacological activity in various 
extracts from the bark has been prepared by Dr 
Lowell Parsons.1 The study reported here describes 
apparent toxic effects of the aqueous extracts of the 
bark and the early hepatocellular changes. 

Materials and methods 

Dried bark from S. alata in Nairobi was ground 
to a fine powder. An aqueous extract of the bark was 
obtained by mixing the powder with hot water and 
allowing the particles to settle for 20 min. Ccntri-
fugation of the mixture produced a clear supernatant 
that was added to a basic diet of 15 g of the com-
mercial 'Vitamealo' preparation containing 20% 
protein, cereal products and essential vitamins for 
each animal. 

White male rats from a stock bred in this in-
stitution were housed individually and assigned to 
two experimental groups at the age of 3 months. 
In experiment 1, fifteen rats received the aqueous 
extract from 2-5 g of bark in their feed daily for 6 
weeks. Twelve rats received only the 'Vitamealo' diet. 

In experiment 2, three groups of four rats received 
one of three different extracts daily for 2 weeks. 
Ethanol and ether extraction techniques (Sunshine, 
1969) produced preparations containing the acid and 
neutral drugs, the basic drugs, or the alcohol in-
soluble components from lg of the powdered bark. 

The rats were killed by cervical fracture except for 
four rats which received C02. Samples from each 
organ were fixed in buffered formaline for paraffin 
sections or placed in buffered glutaraldehyde, 

1 Correspondence: Dr Lowell Parsons, A h m a d u Bcllo 
University, Zaria, Nigeria. 

post-fixed in osmium tctroxide and embedded in 
Araldite. The remainder of each organ was homo-
genized in cold phosphate buffer and the activities 
of cholincstcrase (dc la Hucrga, Ycsinick & Popper. 
1952), succinic dehydrogenase Thurberg & Ahlgren 
method (Oscr, 1965) and cytochrome oxidase were 
determined in the homogenates (Smith & Stotz, 
1949). 

Results 

Except for an initial loss in weight which was 
subsequently regained, the general appearance and 
appetites of the test rats remained similar to that of 
the controls. However, the activities of certain 
enzymes and histological examinations indicated 
the early stages of cardiac and hepatic damage. 
Rats which had received the aqueous extract daily 
for 6 weeks showed a reduction of succinic de-
hydrogenase and cholincstcrase activities (Tables 
1 and 2). Frequently, the livers of these rats revealed 
50% less dehydrogenase activity than those from 
control animals. Cholincstcrase activities were 
generally 30% lower in the liver, but in the heart 
were similar to the control values. The values for 
cytochrome oxidase by the method employed 
revealed little difference between control and 
experimental rats. 

Histologically, varying degrees of cellular deterior-
ation were revealed in the livers of rats fed S. 
alata. Acidophilic changes in the periportal areas 
as well as hemosiderin deposits were seen in paraffin 
sections. The hepatocytes contained pyknotic 
nuclei and translucent cytoplasmic inclusions 
(Fig. la) reminiscent of the hyaline bodies described 

TABLE I. Succinic ac id dehydrogenase activit ies in rat liver and heart 

Controls 
Liver 
Heart 

Test rats 
Each rat received 
2-5 grams o f II 
kau kawa daily for 6 
weeks . 

Liver 
Heart 

N o . o f 
rats 

Min required for reduct ion o f 
methylene blue by 100 m g tissue 

( m c a n ± s . c . ) 

20-8 ± 0 - 9 
1 7 0 + 0 9 

3 0 0 ± 1-4 
2 9 - 5 ± 1-4 

Range 

16-26 
14-22 

2 2 - 4 0 
2 4 - 4 0 
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TABLE 2. Cholincstcrase activities in rat liver and heart 
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Enzyme activity 
N o . of rats (mean) Range 

Controls 
Liver 12 8-5 6 - 5 - 1 0 0 
Heart 12 9 0 7 - 1 0 0 

Test rats 
Each rat received 2-5 g 
o f II kau kawa daily for 
6 weeks. 

Liver 15 5-5 5-4-5-7 
Heart 15 7-5 6 - 7 - 1 0 0 

by MacDonald (1961). The glycogen content, as 
revealed by staining with periodic acid and the 
SchilT's reagent, was markedly reduced, but liposis 
hardly occurred when compared to the extensive 
fatty changes caused by ethionine or choline 
deficiency. Thinner sections (0-5—1 //m) showed 
more clearly the areas of cellular damage. Patches of 
necrotic cells occurred in the periportal regions as 
well as more extensive necrotic lesions that involved 
portal and central zones of the liver lobule (Fig. 2). 
Particularly noticeable in these liver sections was the 
accumulation of cytoplasmic material that stains 
metachromatically with toluidinc blue in contrast 
to the blue colour of other cellular components 

(Fig lb). Although hcpatocytes in normal liver 
sections contain small quantities of the chronotropic 
material also, it appears uniformly distributed 
between areas of the ergastoplasm. However, the 
chronotropic content of parenchymal cells in 
damaged tissue increased substantially and fre-
quently occupied most of the available cytoplasm 
from which other cellular components were largely 
excluded. 

When subjected to the electron microscope, these 
spaces of chronotropic material appeared con-
gested with mitochondria and smaller vesicles in 
close proximity to isolated cisternac of the granular 
reticulum (Fig. 3). The more random distribution 

TABLE 3. Cholincstcrase and succinic acid dehydrogenase activities in rats fed 
extracts o f Schrcbcra alula for 2 weeks 

N o . 
Succinic dehydrogenase 

(minutes required for 
reduction o f methylene 

blue by 100 m g o f 
tissue) ( M c a n ± s . e . ) 

Cholincstcrase 
(Mean activity) 

Controls 
Liver 5 l 3 0 ± 0 - 5 8-5 + 0-5 
Heart 5 I4 0 ± 1-0 9 0 + 0 5 

Rats fed acid a n d 
neutral c o m p o n e n t s 

Liver 4 1 5 - 0 + 0 - 6 6 0 + 0-4 
Heart 4 20 0 ± 1-0 7 0 ± 0 - 5 

Rats fed water-
insoluble c o m p o n e n t s 

Liver 4 18 0 ± 1 0 8 0 ± 0 - 5 
Heart 4 l 9 - 5 ± 0-9 8 - 5 ± 0 - 6 

Rats fed a lcohol 
8 - 5 ± 0 - 6 

insoluble c o m p o n e n t s 
Liver 4 1 5 ± 0 5 I 0 0 ± 0 5 
Heart 4 2 5 ± 0 5 14 5 ± 1 0 
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FIG. I. (a) Formalin fixed paraflin section from l i \er of rat fed aqueous extract o f Schrcbcra alata. Cells of the 
periportal region with pyknosis and translucent inclusions bordering nuclei arc seen. Stained with hacmatox>lin 
and eosin. x 480. (b) Parenchymal liver cells of rat fed the bark extract with cytoplasmic inclusions that stain 
mctachromatically with toluidinc blue (the whitish areas). The inclusions appear to be aggregations of globules 
circumscribed by translucent borders that exhibit metachromasia more intensly (arrow). The chronotropic 
material is not apparent in the nucleus. Embedded in aralditc. x 1250. 

of these organelles throughout the cytoplasm was 
replaced by aggregations of mitochondria with 
central areas of ergastoplasm, and the greater 
portion of remaining cytoplasm was occupied by 
several large clusters of particulate glycogen. The 
masses of glycogen which are normally dispersed 
throughout the cell among smaller aggregates of the 
carbohydrate were crowded together into a few 
areas so that a small number of collections, but 
hardly any single aggregates of glycogen, were 

observed. Diminution of both granular and 
agranular reticulum was apparent. The agranular 
reticulum was hardly noticeable since those areas 
not occupied by assemblies of mitochondria con-
tained, for the most part, the enlarged masses of 
glycogen aggregates. The tubular structure of the 
granular reticulum was less evident than cxpectcd 
and many groups of free ribosomes were seen near 
mitochondria. 

Results from the second trial with extracts 
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H o . 2. T o ihc right is seen pronounced hepatocellular degeneration involving the centrolobular region in a rat 
fed the bark extract. The presence of some nearly normal cells may be indicative of regenerative activity in that 
area. Embedded in aralditc. Stained with toluidinc blue, x 300. 

l : io. 3. (a) Mitochondria as seen in normal rat livers. N o t e the more even distribution o f the organelles. Buffered 
glutaraldelhyde and o s m i u m f ixat ion. Lead citrate staining, (b) Hcpatic cells from II kau kawa fed rats with the 
mitochondria assembled around granular reticulum (arrow). Such col lect ions arc most o b v i o u s in cells showing 
excessive c lumps o f mctachromasy . x 4800. 

containing the acid and neutral drugs, basic con-
stituents or the alcohol insoluble substances suggest 
that the hcpatic changes observed may be due to 
components less soluble in alcohol. Within 2 weeks 
those histological changes in the liver described above 
occurred in rats receiving the latter extract. Pre-

liminary trials indicate that this fraction also 
exhibits pharmacological activity. 

Discussion 

The metamorphosis of liver tissue into cirrhotic or 
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necrotic lesions can be induced by a variety of 
factors such as infections, malnutrition and toxins. 
Malnutrition and toxins have become particularly 
important considerations in the aetiology of liver 
diseases in tropical areas, although the relative 
significance of these factors as causative agents of 
hepatic injuries is largely unknown. Toxins from 
food or herbal sources, such as that from the 
cycad nut, may be contributing factors to the high 
incidence of hepatocellular failure in some areas. 

Very little appears in the literature about the use 
of 5. alata as a curative. Its use among the Samburu 
was reported by a graduate student who also 
utilized the drug for a toothache while completing 
his investigations. The tree is hard and heavy and 
has been used mainly as firewood by various groups 
in Kenya (Dale, 1936), but several related species 
are utilized as medicinals more extensively. Olca 
africana Mill, has been employed as an eye wash 
lotion in man and in animals by the Thlaping as 
well as a headache remedy by the Wasotho in 
South Africa (Watt & Brcycr-Brandwijh, 1962). 
Masai drink an infusion of Olca chrysophylla Lam. 
as a remedy for rheumatism (Williamson, 1955). 
Several species of the Olive family (in which S. alata 
is classified) contain violent toxins. The berries 
from one of these, Liqustrum vnlgare (privet) con-
tain the toxic principle syringin, a D-glucoside 
(Smith, 1923). 

Although the manifestations of hepatic damage 
is of limited variety, the pathogenesis of the lesions 
produced by hepatotoxins may be influenced by the 
agent responsible. Ethionine produces fatty livers 
without necrosis whereas thioacctamide produces 
hepatocellular necrosis and hardly fatty change 
(Ashworth el al., 1965). The hepatocellular injury 
induced by 5. alata resembles more the pattern 
of hepatic damage due to thioacctamide. There was 
insignificant fat accumulation, but a marked dis-
persal as well as reduction of the crgastoplasmic 
components. The loss of succinic dehydrogenase 
activity from the liver cells is also a common 
cflfcct. Toxins as carbon tetrachloride or tannic 
acid as well as dietary deficiencies may cause similar 
injuries but these substances or conditions cause 
fatty metamorphosis also (Rouiller, 1964). Eventually 
most toxins effect alterations in the size and number 
of mitochondria although mitochondrial lesions 
may occur earlier with one type of intoxication than 
with another. Swollen mitochondria have been 
described in the early stages of intoxication with 

carbon tetrachloride, phosphorus, ethionine. and 
thioacctamide (Rouiller, 1964). Besides swelling, 
mitochondrial changes may involve the disruption 
of the membranes and the disappearance or granula-
tion of the cristac. The organelles may increase in 
number also, particularly during the period of 
regeneration that follows acute intoxications. 
Alteration of mitochondrial size and number was 
hardly discernible during the study with S. alata, 
however, the loss of granules and cristac was 
evident. More obvious were the clumps of mito-
chondria and smaller vesicles that encircled isolated 
areas of crgastoplastic fragments and occupicd 
only several parts of the cytoplasm. A similar 
distribution of mitochondria occurs in liver cells 
injured by butter yellow whereas normal parenchy-
mal cells arc generally filled with mitochondria in 
all parts of the cytoplasmic region (Opie, 1947). 
Additionally, an accumulation of double membrancd 
vesicles resembling degenerate mitochondria has 
been observed in the hepatic tissue of rats subjected 
to vitamin E deficiency (Hartroft , 1964). 

The ingredients in S. alata that provoke hepato-
cellular lesions or serve as an analgesic are still 
unknown. However, it is evident that a section of 
the population in Kenya is consuming a herbal 
preparation that is likely to contain toxic principles. 
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