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Modern devel opments in drug therapy for the treatnent of disease or for
the manipul ation of nmetabolic processes, together wth the increased
recogni tionof the potential value of nutritional supplements, have led to
t he devel opnment of a range of techniques to ensure |ong-term dosing of
livestock without the need for repeated handling. Such techniques may be
referred to collectively as Controlled Rel ease Technology. It is the aim of
this review to present some of the underlying concepts of the field as it
relates to rumnants and some related herbivores, and to report on a nunber
of products resulting from CSIRO research which are being devel oped both in
Australia and overseas.

| NTRCDUCT! ON

The provision of medication for a variety of conditions which include
di sease control and netabolic manipulation, and in some cases the supply of
suppl ementary nutrients to overcone dietary deficiencies is an ever-
increasing part of intensive [livestock production in . agriculturally
"advanced" countries.  Furthernmore, the ability to provide such supplenents
in an inexpensive and relatively unsophisticated manner has a great potentia

for inmproving the efficiency and productivity of animal production in
virtually all environnents

Apart fromthe availability of a suitable supplement or nedicament,
(hereafter referred to as the "active"), one of the major factors liniting
their use is the ability to maintain a regular supply to the animal. Wile
in the feed-lot situation one can often mx "actives" with the ration, the
free-range grazing animal presents particular difficulties determned by the
i nfrequent periods of yarding, or by the relatively large areas grazed. In
sone cases for exanple, stock may only be yarded once or twice per year; this
provides an upper limt to the nunber of times an animal nmay be individually
treated. The provision of an "active" via a reticulated water supply is only
reliable if that is the sole source of drinking water; but seasonal
conditions often provide watercourse drinking for at |east sonme of the year
Simlarly, *“self-nedication” depots of “active” such as mght be found in
roller druns or salt-licks may not always be readily encountered by stock
noving in a very |large paddock

EARLY DEVELOPMENTS

It was because of factors such as these that slow release forms of
suppl ementation were originally devel oped, with one of the first and nost
successful being the cobalt bullet (Dewey et al. 1958) to overconme "coast
di sease” or “enzootic marasnus", more sinply known as cobalt deficiency.

The concept of the heavy density bullet for rumnants has been extended
to other trace elements, and to a linited range of other "actives", but it
suffers fromthere generally being little control of the rate of release of
“active” fromthe bolus, and an uncertainty about the reliability of
retention.

* CSIRO Division of Animal Production, Private Miil Bag, Post Ofice,
Arm dal e, NSW 2350
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Wth this in mnd, a nunber of groups throughout the world are turning
increasingly to devel oping Control |l ed Rel ease (CR) systems for admnistering
"actives" to animals. One of the pioneers in this field was Dr Ral ph Laby,
of the CSIRO Division of Animal Production - beginning with the challenge of
bl oat control (Laby 1970), he has devel oped a nunber or CR systems which are
applicable to a wde variety of "actives", and which are now finding their
place on the world agricultural and veterinary chem cal nmarkets

THE CONCEPT AND TERM NOLOGY OF CONTROLLED RELEASE TECHNOLOGY

Four inportant characteristics of any CR systemare the description of
the tinmng of the dose, the control of the required dose |level, the site
which the dose is delivered, and the payload of the device

(i) _Timing The timng may be either pulsating (e.g., to mimc periodic
dosing by conventional neans), continuous (constant), or continuous but
changing predictably over tine.

(ii) Dose level The required dose level is determined in part by the
condition being treated and by the efficacy of the "active", but it
must be a feature of the CR system which maintains that required |evel
or changes it at the predeternmined rate

(iii) Site of release Cearly the effectiveness of any dose relies on the
"active" reaching its targeted site relatively quickly and wthout
being altered or destroyed by other netabolic processes - an "active"
which is subject to degradation by rumen microbes but which is to be
carried rapidly through the bl oodstream nmay be best adm nistered
directly into the blood rather than orally, while a nutrient for which
t hose same ni crobes have a specific requirement, may be wasted if not
dosed directly into the rumen.

(iv) Payload This refers to the total anmpunt of "active" required to serve
the fulT lifetime of the device. In the sinplest case of continuous
and constant release this is equal to the daily requirenment nultiplied
by the nunber of days duration

DESCRI PTION OF A CR SYSTEM

Having decided on the dose-related factors referred to above, one needs
then to consider the formthe systemor device may take. There are three
maj or areas to be described

(1) Retention By definition, any CR device nust be capable of retaining
the large depot of "active", the payload, either on or within the
target animal for an extended period of time. The cobalt bullet is an
example of the use of gravity to retain a high density object in the
rumen, While a dog flea collar is a sinple external retention device
QO her exanples include subcutaneous inplants, intravaginal devices,
eartags and ocul ar inplants.

A unique feature of Dr Laby's work has been the invention of variable
geonetry (Laby 1970) systems for runinants - in its sinplest form such
a device is admnistered to the aninal of a shape and size which is
readily swallowed, but then the device changes to a shape which cannot

be regurgitated. Exanples of this include folded half-cylinders,
rolled up sheets, conpressible doughnuts, and a variety of "w nged"
devi ces.

s7



(i1) The release process A variety of physical, chemical, nechanical or
bi ol ogi cal processes maybe enpl oyed to achieve the desired rel ease

rate and profile. In some cases this may be by sinple abrasion or
di ssolution, but other devices rely on factors such as el ectrochem ca
activity, diffusion, or gel formation. In the case of a nultiple

"active" or conplex pulsating system there may be several release
processes working in concert

(iii) Biological action of the "active" \Wile the general biological action
of any “active” mmy usually be predicted from previous experience, it
is often the case that the pharmaco-kinetic properties differ when
adm ni stered continuously. It is therefore inportant that the
bi ol ogi cal activity be carefully evaluated to ensure that optinmm dose
level s are used, that the nost appropriate release profile is chosen,
and that there are no unexpected toxicities or side effects.

THE CSIRO "STABLE' OR CR PRODUCTS

Because the bias of this Division's research is towards the sheep and
cattle industries, and also because of the original interest in bloat
control, Dr Laby's work has concentrated largely on devices suitable for
these two species of animal. However, it is inportant to note that both the
retention nechanisns, and the release processes to be described below are
general |y applicable to other domesticated rumnants such as goats and deer
and with only mnor nodifications are probably suited to other foregut
fermenting herbivores (Hume 1984)

| odi ne

G oss iodine deficiency, whether absolute or "conditioned" by the
presence of goitrogens, is readily recognized by the occurrence of goitre in
| i vest ock. Lesser deficiencies can also be inportant, since the thyroid
hornone system plays an active part in nmany physiological processes
(Underwood 1977), and responses to iodine supplementation mght be expected
in neonatal survival, wool growth, mlk production, fertility and genera
growth rates. As with many nutritional deficiencies, the iodine "status' of
the animal may fluctuate with season or climate (Ellis 1980), and care needs
to be exercised not to overdose in times of adequacy.

Since the mninumdaily requirenent of elenental iodine for a sheep is
only of the order of 100 micrograns, a one gram payload is nore than
sufficient for a lifetime supply. Laby has made ingenious use of one of the
fundamental properties of elenental iodine, its tendency to sublime, in his
invention (Laby 1974). Coupled with the diffusive properties of gases
through a plastic nmenbrane, a release system has been achieved which delivers
approxi mately 500-1000 pg/day, and which is retained in the rumen by a set of
flexible wings or fingers (Ellis et al. 1983). Toxicity is of no worry wth
this system since the normal honeostatic nmechanisns of the sheep are quite

capable of ensuring urinary excretion of these anpunts if the daily intake
fromthe feed is already adequate

This device has been tested in a nunber of environnments, showi ng a
reduction in the incidence of enlarged thyroid glands in known risk areas
(Mason and Laby 1978), and an increased |anmb survival rate where goitrogen
intake reduces the thyroid status of the foetal lanb (Ellis and Coverdal e
1982) . Commer ci al prototypes have been manufactured, regi stration
docunentation has been prepared for this product, and it is hoped that it may
be released onto the market within the next year or two.
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Magnesi um

Magnesi um deficiency results in grass tetany, a usually fatal disease
in cattle. If frequently strikes the biggest mlk producers in a herd, and
the suddenness of onset generally precludes any treatment. A cont inuous
supply of supplenmentary nmagnesiumis required during the risk period of sone
three to four nonths if the disease is to be avoi ded. The Sire Sine
Magnesi um Capsul e (Laby 1973) is the nodern way of providing this supplement.
Mar ket ed by Cheetham Rural Division under licence from CSIRO this capsule
consists of two half cylinders of a magnesium alloy, joined by a rubber
hi nge. It is dosed in the folded cylindrical form but opens to a wde flat
object in the rumen (variable geonetry). The release of magnesiumions is by
an el ectrochem cal process, and is controlled by the prior formulation of the
alloy and the properties of the hinging rubber. About 2 g of magnesiumis
rel eased each day over a three-nonth period, and is quickly absorbed into the
bl oodstream providing a significant reduction in tetany incidence in treated
ani mal s. Sal es of this product have increased steadily since its introduc-
tion about three years ago, and are expected to be about 40,000 units in the
com ng season. Overseas markets are being pursued, and it is anticipated
that the product may be released into New Zealand later this year. CSIRO
| ooks forward to its continuing success.

The LABY General Purpose CRD

As its nane inplies, this device has, and will continue to find
application to a wide range of “actives”. It consists of a plastic cylinder
with folding wings at one end. A spring-loaded plunger slowy drives a core
of "active" out of an orifice at one end of the cylinder (Laby 1978, 1987).
By matching the properties and fornulation of the “active” and subsidiary
“carrier " materials to the spring strength and orifice size, virtually any
desired release profile can be achieved, the only nmajor linitation being the
vol ume of the required payl oad

Appl i cations

(i) Bloat The Runensin ABC (Anti-Bloat Capsule) from Elanco Products
Conpany was first test-marketed in NSWduring the spring and summer of
1987/88. The “active” is the rumen nodifying growth pronotant,
monensin, and large field trials involving several thousand head of
treated and untreated cattle have confirmed a wei ght gain advantage of
some 5-10%, together with a reduction in bloat deaths of about 80% and

a concomtant reduction in both the incidence and severity of non-fata
bl oat .

Al though the price is high, the added weight gain nakes the bl oat
control particularly cost effective. This preventative product now
provi des the opportunity to use pastures when at their nmost productive
phase of growth, by reducing the “fear” of bloat which has often left
paddocks under-utilized in the past. Furthernore, the disruptions to
the grazing pattern caused by bloat disconfort are reduced, resulting
in a greater feed intake and subsequent added wei ght gains. Last year
inits first real test, 100,000 units were sold to beef cattle
producers in Eastern Australia. Application to the dairying industry
and overseas markets is now being actively investigated

(i1) _Anthelmintics Captec Pty Ltd has followed the initiative set by
Anderson and Laby (1979) in applying the continuous admnistration of
an “active” to control internal parasites. A product containing
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Al bendazol e (ABz) has been devel oped and will be marketed in Europe
shortly, and probably released in Australia within the next 6-12
months.  The inplications of this new form of worm control have been
explored extensively, and it is clear that there can be a significant
advance in the control of benzim dazole-resistant worms, and that the
device will becone a powerful tool for modifying parasite epidem ol ogy
(Ral ph 1988).

(i111) Chromc oxide This material has [ong been used as a faecal and digesta
marker substance (Corbett 1978). It is inert in the digestive tract
and 100% of a given dose should be recoverable in the faeces. Captec
Chrome (Ellis and Rodden 1987) is now available for both sheep and
cattle, delivering about 200 nmy and 1500 ng per day respectively for
three to four weeks. Because of the way it is used as a research tool
and unlike many other applications where sone fluctuations in rate
could in all probability be tolerated, a requirement of this product is
for precise dose control throughout its lifetime. It is testinony to
the robust character and precision of Laby's system however, that the
same techniques and simlar type of fornulation are used to manufacture
both the ABZ and Chrone devi ces.

The release rate is constant throughout the lifetime, and the conbined
bet ween devi ce and between ani mal coefficient of variation is only of
the order of five per cent. Thus for group assessment of faeca
output, Captec Chrome provides opportunities for studies which were
previously considered to be far too labour intensive or too disruptive
on the animal's behaviour to provide meaningful results. Exanpl es of
its uses can be found in productivity conparisons of different breeds
of cattle using several hundred cattle (Barlow et al. 1988), and the
eval uation of differences in feed intake between sheep and fallow deer
(Kelly et al. 1987) when grazing together

(iv) Trace elenents Trace elenents (TEs), as the nane impl i es, are
generally required in |ow amounts, so that payload constraints are few
I n devel oping a device for any particular application. | ndeed,
applications of experimental formulations have included single element
studies (e.g., cobalt (Duncan et al. 1986)) through to eight-element
m xtures being used to study nulti-element effects in the nutrition of
sheep (Panggabean et al. 1984). These devices are currently being used
as diagnostic tools in collaborative studies in China

(v) Other applications The list of potential applications is endless.
Fromw thin this laboratory, we have provided devices to study a range
of other anthelmintics and growth pronoting agents, a variety of TEs
(Peter and Ellis 1981) and vitamn fornulations, fluoride containing
devices for studies of fluoride balance and toxicity (Weeler et al.
1988), drugs to increase the rate of depletion of dieldrin residues
from contaminated |ivestock, t hi onol ybdate to alleviate copper
toxicity, and “act ives" to alter the conposition and flavour of neat.

CONCLUSI ONS

The Laby devices are clearly valuable tools for aninmal scientists to
exploit in a-range of pursuits. Furthernmore, the infrastructure now exists
for a conpany such as Captec to "fast-track" any product which is shown to
have potential for wi de-scale use on farm since nuch of the initial testing
proving, and registration of the device has already been achieved. Providing
that Governnent authorities can be convinced as to the reliability and val ue
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of the devices, one can hope that it may eventually be possible to submt for
approval a package of known pharnacol ogy of an "active", together with the
details of the appropriate and already approved delivery system
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