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Continuous incidence of Brachiaria decumbens intoxication outbreaks arises due to
ineffective strategies in treating and preventing its aftermath in the global small
ruminant industry. Previous conducted studies focusing on the prevention yielded
with limited success. Improved usage of B. decumbens for livestock production
requires better approach to reduce losses caused by its toxic effects. In this thesis,
studies conducted were based on the principle dogma of using certain antioxidants

both in prevention and treatment of B. decumbens intoxication in sheep.

Following confirmation of oxidative stress (feeding of B. decumbens alone) in the
pathogenesis of this toxicity, the role of vitamin E and selenium combination in

preventing and treating toxicity was mounted.

A total of 36 local indigenous sheep were used in two sets of experiments. In all

experiments, sheep receiving B. decumbens were fed the grass obtained via cut and



carry either alone or with vitamin E+selenium 14 days before and in the first day of
start feeding or injected subcutaneously with combination of vitamin E+selenium on

the 1% and 3" day of the first clinical sign appearance of B. decumbens intoxication.

Classical clinical signs of B. decumbens intoxication were monitored. Blood and
pertinent tissues were collected at necropsy. The liver and kidney function tests,
pertinent indicators reflecting lipid peroxidation status and antioxidant defenses were
assayed. Furthermore, some liver metabolizing enzymes and pathological studies

both at cellular and ultrastructural levels were conducted too.

Clinical signs of photosensitisation jaundice and submandibular oedema and lesions
of hepatocytic necrosis, renal hydropic degeneration and/or coagulative necrosis and
brain vacuolations due to status spongiosus of the white matter (demyelination) were

noticed in sheep fed B. decumbens alone.

An impairment of the antioxidant defense system and involvement of lipid
peroxidation was confirmed in all B. decumbens fed sheep except those receiving
vitamin E plus selenium either as a prophylaxis or treatment. Obviously, selenium
and vitamin E function synergistically to protect against cellular damage by
intermediate reactive species. Vitamin E, an integral component of the cell
membrane, is in perfect position to disrupt the lipid peroxidation process by quench
free radicals capable of initiating and propagating lipid peroxidation such as alkoxy
and alkyl peroxy radicals and have been shown to affect the activity and induction of
the microsomal P-450. Selenium as an essential constituent of the glutathione

peroxidase (Se-GSH-Px) active site reduces hydrogen peroxide, as well as other



hydroperoxides to less reactive water and alcohols, respectively. Therefore, the
supplementation of vitamin E as a-tocopherol acetate+sodium selenite is effective in
blocking the development of B. decumbens intoxication in sheep by potentiating the
cells’ ability to cope with oxidative stress and thus block membrane lipid
peroxidation that can disrupt cell compartmentalization and function during B.
decumbens ingestion. Therapeutically, the conducted study showed that
supplementation with vitamin E and selenium is efficacious in alleviating the toxicity

of B. decumbens in sheep.

Key words: Sheep, Brachiaria decumbens, oxidative stress, hepatotoxicity, vitamin
E plus selenium
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Peletusan insidens ketoksikan Brachiaria decumbens masih berterusan akibat dari
strategi yang kurang berkesan dalam pencegahan dan rawatan dalam global industri
ruminan kecil. Kajian sebelumnya yang tertumpu terhadap pencegahan tidak begitu
berjaya. Penggunaan B. decumbens yang lebih baik untuk pengeluaran ternakan
memerlukan pendekatan yang lebih baik untuk mengurangkan kerugian akibat
ketoksikan. Dalam tesis ini, kajian dijalankan berdasarkan dogma menggunakan anti-

pengoksida khusus dalam pencegahan dan rawatan ketoksikan pada biri-biri.

Lanjutan dari pengesahan peranan tegasan oksidatif (pemakanan B. decumbens
sahaja) dalam patogenesis ketoksikan ini, peranan vitamin E dan selenium samada

berasingan atau gabungan dalam mencegah dan merawat ketoksikan dijalankan.

Sebanyak 36 ekor biri-biri tempatan digunakan dalam dua set ujikaji. Dalam semua

ujikaji, biri-biri yang menerima B. decumbens diberi makan secara potong dan
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angkut samada berasingan atau bersama dengan vitamin E+selenium 14 sebelum dan
pada hari pertama memakan atau disuntik secara subkutis dengan gabungan vitamin
E+selenium pada hari pertama dan ketiga penjelmaan petanda klinikal ketoksikan B.

decumbens.

Petanda utama ketoksikan B. decumbens dipantau. Darah dan tisu berkaitan diambil
ketika nekropsi. Ujian fungsi hati dan ginjal, penanda berkaitan status pengoksidaan
lipid dan pertahanan anti-oksid diasai. Tambahan, beberapa enzim metabolisme hati

dan kajian patologi juga dibuat pada peringkat sel dan ultrastruktur.

Petanda klinikal fotopekaan, jaundis, edema submandibel dan lesi nekrosis hepar,
degenerasi hidrofik dan/atau nekrosis koagulatif renal dan pemvakoulan pada jisim
putih akibat status spongiosus (penyahmielinan) pada otak dikesan pada biri-biri

yang hanya diberi makan B. decumbens sahaja.

Gangguan sistem pertahanan anti-oksid dan penglibatan pengoksidaan lipid disahkan
pada semua biri-biri yang menerima B. decumbens kecuali yang dipra-suntik dengan
vitamin E+selenium samada sebelum atau selepas ketoksikan. Jelasnya, selenium and
vitamin E berfungsi secara sinergi untuk melindungi kerosakan sel oleh spesis
perantara. Justeru, pemberian vitamin E dan selenium berupaya melindungi sel dari
kerosakan akibat ketoksikan B. decumbens samada sebagai pecegah atau dalam

rawatan.
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in Control (A), ES (B) and ES+Bd (C) groups showed a normal
classical hepatic architecture with hepatocytic plates directed
toward the central vein. The liver section from B. decumbens
intoxicated sheep only (Group Bd) (D) showed massive changes
consisting primarily of hepatocellular swelling (thin arrows), frank
disorganization of hepatic cell plate and distortion of the central
vein (notched arrow). (H&E stain)

Photomicrograph, liver of sheep from (Bd) group taken at necropsy.
Greenish blue granules of lipofuscin pigment aggregated within
cytoplasm of affected hepatocytes in most hepatic cords (curved
arrows). (Schmorl’s stain)
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Photograph, sheep (1207) from ES+Bd group. Jaundice and
yellowish gelatinous exudates in subcutaneous tissues around the
region.

Photograph, ventral part of the head, sheep from Bd group.
Submandibular oedema revealing gelatinous subcutaneous fluid
upon incision

Photograph, liver of sheep from Bd group. Note the enlarged size
and the yellowish appearance of this liver

Photograph, liver of sheep from ES+Bd group exhibiting an almost
normal size albeit is in bronze colour.

Photograph, kidney, sheep from Bd group. Note the pale grayish
mottling appearance of the cortical surface.

Photograph, kidney of sheep from Bd group. Cut sections
demonstrated severe icteric pelvis with congestion of the cortical
and medullary zones.

Photomicrograph, liver, sheep from Bd group. Predominance of
individual hepatocellular necrosis in the centrilobular zone and
some affected parenchymal cells have ghost like appearance
(arrows). (H&E stain)

Photomicrograph, liver, sheep from Bd group. Increased acidophilia
with loss of nuclear staining of some affected hepatocytes (thin
arrows) together with ghost like appearance of other affected cells
(thick arrows). (H&E stain)

Photomicrograph, liver, sheep (1207) from ES+Bd group. Intra-
luminal accumulation of crystalloid material (thin and thick arrows)
within some branches of the bile ducts in the portal area. (H&E
stain)

Photomicrograph, liver, sheep from ES+Bd treated group. Mitotic
divisions (thin arrows) and an increase of binucleated hepatocytes
(thick arrows) post treatment with vitamin E and selenium. (H&E
stain)

Photomicrograph, liver, sheep from ES+Bd treated group. Normal
hepatic cords architecture, even though these cords appeared thin
with minimum reversible changes (yellow arrows). (H&E stain)

Photomicrograph, liver, sheep from Bd group. Extensive intra-
cytoplasmic accumulations of greenish-blue granules of lipofuscin
pigment in the affected hepatocytes (thick arrows) and Kupffer
cells. (red thin arrows). (Schmorl’s stain)
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6.13.

7.1.

Photomicrograph, liver, sheep from ES+Bd treated group. Few
intracytoplasmic accumulations of greenish-blue granules of
lipofuscin pigment (red arrows) remained after the treatment with
vitamin E and selenium. (Schmorl’s stain)

Possible pathway of vitamin E and selenium in preventing the
induction of Brachiaria decumbens toxicity in sheep.
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CHAPTER 1

GENERAL INTRODUCTION

Hepatogenous photosensitisation syndrome (HPS) of livestock is economically
important problem in various parts of the world. Many hepatogenous
photosensitisation disorders are associated with ingestion of plants containing
steroidal saponins (Mathews, 1937; Henrici, 1952; Ender, 1955). Common features
of all these diseases are their sporadic occurrence, the difficulty of reproducing signs
of the diseases during dosing experiments and the fact that the plants seem to be only
occasionally toxic to grazing animals (Flaoyen, 1996). Another pathognomic
criterion of HPS is the accumulation of insoluble Ca* salts of episarsasapogenin or
epismilagenin glucuronides in liver cells and bile ducts (Holland et al., 1991; Miles

etal., 1991, 1992a,b ; 1993).

Brachiaria decumbens (signal grass) intoxication, a well known global disease
comparable to HPS in ruminants, has been attributed to the steroidal saponin content
of this grass. Multiple outbreaks of hepatogenous photosensitisation have been
described in sheep, goat and cattle grazing B. decumbens (Graydon et al., 1991;
Smith and Miles, 1993; Lemos et al., 1996a; Lemos et al., 1996b; Meagher et al.,
1996; Lemos et al., 1997; Lemos et al., 1998; Fioravanti, 1999). Because sheep are
more susceptible than cattle to lithogenic saponins, intoxication by Brachiaria is an

important limiting factor for the sheep industry.



Obviously, this grass is not toxic per se but certain compounds which as a result of
ruminal activities were converted to their derivatives (episarsasapogenin and
epismilagenin) responsible for causing toxicity (Noordin, 1988). Diosgenin as
{(25R)-spirost-5-en-3-B-ol} identified as the major toxic constituent involved in
sheep B. decumbens intoxication in Malaysia (Zhang, 2000). In addition, recently, a
furostanolic steroidal saponin known as 25R- e 25S- protodioscin isomers in B.

decumbens leaves was isolated for the first time (Haraguchi et al., 2003)

One of the major limitations to efficient ruminant livestock production in Malaysia is
the lack of adequate levels of high quality forage for feeding to ruminants (\Wong et
al., 1982). Soil acidity a natural phenomenon of most humid tropical grasslands has
multiple adverse effects prevails with Al, Mn and Fe toxicity, and P, Ca, Mg, and K
deficiency (von Uexkull and Mutert, 1995). Nevertheless, B. decumbens is the most
widely grown pastures in humid and sub-humid tropics. Apparently, signal grass
could provide all the forage requirement of ruminant. It is a stoloniferous, high
yielding grass, well adapted to the wide range of soil. Furthermore, B. decumbens
exhibits high drought resistance and is relatively free from pests and diseases. In
Malaysia, this grass has been shown to have an agronomic potential as an excellent
pasture species under local climatic condition. It has been extensively planted in all
government and smallholding livestock farms since it grows well even with
substandard management practices and gives impressive yields of both green and dry
matter. Chen and Yuen (1995) reported that improved signal grass pasture was
adaptable to a wide range of edaphic and eco-climatic conditions and could support
stocking rates from 1,656-2,173 kg/ha of live weight biomass in continuous grazing

systems. Consequently, the eradication of this rich grass to avoid its toxicity is rather



impractical, since the available local feed resources in Malaysia were contributed to
the poor production performance of small ruminants (Noordin, 1996). Considering
the availability and the potent nutritive significance of B. decumbens, it is timely aim

to find a pragmatic solution to utilize this grass without or with minimal toxic sequel.

To date there is no effective antidote for B. decumbens intoxication. Many researches
have been done on the prevention of signal grass intoxication with varying degree of
success. Therapeutic trials using zinc sulphate, zinc oxide, phenobarbiton and
griseofulvin were failed to confer adequate protection. High doses of thiol
compounds (like cysteine) can mop-up the toxic metabolites but it is costly and

unpractical on apply to livestock.

Depending upon previous studies that had been conducted on the aetiologies, clinical
biochemistry and pathophysiology of B. decumbens intoxication, studies in this

thesis were designed with the following hypothesis.

B. decumbens intoxication can be prevented and treated with vitamin E and selenium

administration.

Hence, the reinforcement of antioxidant potential of sheep by using vitamin E and
selenium will be significantly maximize which in turn will effectively prevent the

development of B. decumbens intoxication.

Based on the above hypothesis, the aim of the current studies is to elucidate the

efficacy of pre-supplementation of vitamin E and selenium (as prevention) and as a



post supplementation (as treatment) on the development of B. decumbens intoxic-

ation in sheep in Malaysia with the following objectives:

(j) to determine the role of oxidoreductive stress in B. decumbens intoxication and its
suppression by vitamin E and selenium.
(ii) to evaluate the efficacy of vitamin E and selenium in alleviating the development
of B. decumbens intoxication:

a) in intoxicated sheep

b) in preventing intoxication
(iii) to establish the pathophysiology of hepatotoxicity during B. decumbens toxicity

in sheep with supplementation of vitamin E and selenium.
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