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INTACT PROTEIN ABSORPTION BY THE FISH
GUT. 2. APPLICATION POTENTIAL
AND LIMITATIONS

Z. Teskeredzi¢, E. Teskeredzi¢, E. McLean', R. Ash

Summary

One of the major roles of the fish gut is to exclude antigenic materials.
Nevertheless, considerable evidence has accumulated to suggest that the
vertebrate gut, in general, is naturally permeable to ingested macromolecules.
This has led to the proposal that it may be possible to employ the gut’s
inherent leakiness as a portal for delivering production-related peptides and
proteins within the diet. This article presents an overview of research findings
related to the methods employed to manipulate reproduction and growth in
cultured fish using the oral route of administration. Consideration is given to
the potential application of macromolecule uptake as this relates to disease
and the maintenance of health of cultured inventory. In addition, the
limitations which are imposed upon the commercial application of the process
are briefly examined.
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INTRODUCTION

It is well established that the vertebrate gut is permeable to a wide variety
of ingested macromolecules, ranging in size from peptides through to particu-
late matter. In our previous review article McLean et al, 1990a), we

Z. Teskeredzié, E. Teskeredzié¢, Institut »Ruder Bogkovié«, Zavod za istrazivanje mora
i okolisa, Laboratorij za istraZivanje i razvo) akvakulture, Bijenitka 54, Zagreb,
Hrvatska e-mail: ztesker@rudjer. irb. hr; tel/fax. +385 1 46 80 943

E. McLean, Aalborg University, Department of Civil Engineering, Biotechnology Labo-
ratory, Aquaculture Division, Sohngaardsholmsvej 57, DK-9000 Aalborg, Denmark
e-mail: ibem@civil.auc.dk; fax: +45 98 14 24 55

R. Ash, University of Bradford, Department of Biomedical Sciences, Richmond Road,
Bradford, West Yorkshire, BD7 1 DP, UK.

* Author for correspondence: E. McLean

91



Ribarstvo, 56, 1998, (3), 91—100
7. Teskeredic¢ et al: Intact Protein Absorption

considered the mechanisms for macromolecule absorption in the fish gut and
potential physiological role that this natural phenomenon might play; particu-
larly as this related to the uptake of intact proteins. While the literature
covering the mechanisms of absorption has expanded over the last few years,
particularly for teleosts, this has generally only verified previous studies. With
respect to physiological significance however, there has been significant
progress within the field. Specifically many studies have examined the
possibility for applying the natular leakiness of the fish gut to benefit
production processes. This gathering interest has been spurred on by the
increased availability of recombinant peptides and proteins, derived from both
homeotherm and poikilotherm sources. The following endeavours to provide
an overview of recent research findings as these relate to the manipulation of
production-oriented processes using oral delivery of such peptides and pro-
teins. Attention will be levelled at methods for controlling or governing
reproduction, health and growth regulation in cultured teleosts. In addition,
consideration is given to the limitations that must be overcome prior to
anticipating practical application of the phenomenon. :

INDUCED OVULATION

An ability to artificially induce maturation in fish provides a number of
practical advantages. Firstly, initiation methods permit induction of spawning
in species that would otherwise fail to breed in captivity. Secondly, they allow
synchronisation of maturation in species which normally spawn in captivity.
Thirdly, induced ovulation methods provide a means of obtaining gametes
earlier than would otherwise be possible. Fourthly, in species or strains that
mature asynchronously, induced ovulation technologies may be used to facili-
tate hybridisation (Donaldson and D evlin, 1996). Finally, the techniques
may be employed to hasten maturation for roe production or as a means of
reducing time to maturation in sex—reversed stocks (Henry et al, 1998).
Presently, most commercial operations employ hypophysectomy techniques or
inject or implant releasing hormones. While more costly than traditional
methods of inducing ovulation, an ability to deliver maturation-inducing
peptides and proteins orally would be invaluable because: 1) there would be
a reduction in stress for species which may be vulnerable to handling, 2)
treatments could be given to ornamental species too small for injection, and
3) the expense and risks associated with the use of needles would be
eliminated.

The first suggestion that maturation could be controlled in teleosts
following feeding of biologically active components, was derived from studies
which used amphibian and mammalian pituitary preparations. For example,
Owen (1937), fed bitterling with desiccated mammalian anterior pituitary, as
5 mg supplement daily, and observed that 68% of treated fish developed
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nuptial coloration. The feeding of loach with 1 frog pituitary gland per day,
for 30 days, resulted in partial maturation and an increase in mean egg
diameter when compared to controls (Kubota, 1953). Total dietary replace-
ment with dried beef pituitary gland powder induced ovulation and shortened
brood interval by 10-15 days in adult swordtail, while accelerating sexual
differentiation in offspring (Regnier, 1937, 1938). The feeding of lake trout
with 1 cc of anterior lobe two times a week for 8 months, from age 1 to 9
months, increased egg size and induced precocious maturation in females by
12 months (Cantilo and Gonzales-Regalado, 1942). More recent
studies have reported induced ovulation of goldfish orally administered with
salmon pituitary extract (Suzuki et al, 1988a, b). Importantly, the latter
authors also examined changes in the endocrine status of treated fish, and
detected the presence of salmon gonadotropin within the circulation, which
they considered to be responsible for the accompanying elevations in testoste-
rone and 170-20p-dihydroxy—-4-pregnan-3196one. By extrapolation, it is likely
that the earlier studies with crude pituitary preparations had like effect, thus
confirming the passage of physiologically active gonadotropin from gut lumen
to circulation. However, because crude pituitary preparations and partially
purified gonadotropins express varying potency, induce immune response upon
sustained use, have poor storage characteristics and are unstandardised
(Harvey and Carolsfeld, 1993), they offer limited advantage as a
material for use as dietary supplements or otherwise.

A recent innovation in the control of fish reproduction has been the use
of gonadotropin-releasing hormones (GnRH; see Donaldson and Devlin,
1996). The advantages of employing releasing hormones relate to the fact that
they act early in the hormonal chain, stimulating the natural release of
gonadotropin, exhibit wide species potency, are easy to manufacture and,
therefore, economical. Moreover, GnRHs are highly stable over a range of
temperatures and may, in theory, be stored indefinitely. In addition, many
analogue forms of this molecule are 50-100 times more potent than natural
forms, such that only small quantities of the peptide are required to induce
maturational processes. Some analogue forms incorporate terminal residues
which have been swapped with ethylamide, while others include D amino
acids, or both. These substitutions have the effect of making the molecule
more resistant to proteolysis, such that they are excellent contestants for oral
delivery use. Indeed, several studies have already demonstrated the potency
of orally delivered LHRH analogues. For example, McLean et al. (1991),
using Intubation techniques, gave 0.2-20 pg g_1 body weight des—Gly10
(D—AlaG) LHRH to coho salmon, and observed a dramatic increase in circula-
ting gonadotropin levels, thereby illustrating retained bioactivity of the absor-
bed molecule. Oral and dietary administration, using various LHRH analogues,
either in combination with dopamine agonists, as single or multiple treat-
ments, at various doses (1-5 pg g‘1 body weight), with different species, have
also resulted in successful ovulation and or spermiation (e. g, Thomas and
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Boyd, 1989; Solar et al, 1990a, b; Sukumasavin et al,, 1992; Breton
et al., 1995). Clearly, the manipulation of reproduction in fish via dietary
incorporation of LHRH analogues is practical and workable even on an
economic basis. Moreover, due to the interests and financial competence of
the aquarist, it is likely that control of reproduction, using dietary-based
treatments, will represent the first commercial application of the phenomenon.

CONTROL AND TREATMENT OF DISEASE

An important area of concern regarding disease control relates to the global
(mis)use of antibiotics. An example of the problems associated with the
application of antimicrobials in aquaculture is the emergence of strains of
Aeromonas salmonicida that exhibit plasmids encoding antibiotic resistance
(see GESAMP, 1997). This has resulted in increased efforts to develop effective
vaccines and, in Europe and North America, a dramatic decline in the use of
chemotherapeutants has been registered. In the context of the present review
however, oral vaccination can only be considered based upon proteinaceous
antigenic components. The advantages of oral vaccination are diverse and
provide a means to reduce labour costs, save time, negate inventory handling,
eliminate needle use, which may cross—contaminate, and abolish problems of
treatment water discharge. Trials with synthetic peptide-based virus vaccines
in terrestrial livestock have provided promising results, although contradic-
tions have been reported from large fields—tests (Taboga et al, 1997). For
fish, recombinant subunit vaccines, consisting of nucleoproteins, could be
incorporated into feeds, although research in this area will be restrained due
to developmental costs.

An alternative to traditional antibiotics which may be delivered in feeds,
are third generation antimicrobials: the peptide antibiotics (for reviews see:
Hancock, 1997). The advent of peptide antibiotic technology heralds the
arrival of a novel group of drugs which avoid rapid resistance problems as
seen with other antimicrobials. This is because peptide antibiotics act to kill
bacteria by physical disruption of the cell membrane. While no study has
examined the efficacy of peptide antibiotics in fish, due, in the main, to their
present scarcity, these products will, no doubt, become more readily available
over time. Since they are resistant to proteolysis, peptide antibiotics represent
good candidates for dietary incorporation studies. In a like manner, a number
of peptide and protein products have been shown to stimulate the natural
immune system of domestic livestock, humans and teleosts. These co—called
»immunostimulants« act by enhancing both humoral and non-specific defence
mechanisms. Of note, in the context of the present review, are peptides,
derived from fishery byproducts, or produced following enzymatic hydrolysis
of cod protein, which enhance vaccine efficiency (Andersen, 1992), and
macrophage activities (Bggwald, et al,, 1996) of salmonids. A comprehensive
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review of the potential that immunostimulants offer the aquaculture industry
has been provided by Raa (1996).

GROWTH MANIPULATION

The advantages of treating cultured fish with growth enhancing proteins and
peptides are extensive and do not only relate to their growth promoting ability.
Acceleration of growth by endocrine manipulation reduces the time required
to produce market-sized animals (Down and Donaldson, 1993); provides
the option of producing larger animals of greater value over a normal
production cycle (McLean et al, 1993); furnishes a method for adjusting
marketing strategies, wherein produce is available »out of season« (McLean
and Donaldson, 1993); reduces environmental impact due to enhanced feed
conversion efficiency (Mayer and McLean, 1995); elevates immune respon-
siveness in treated individuals (Kitlen et al., 1997); enhances osmoregula-
tory capacity (Shrimpton et al., 1995); permits manipulation of end-prod-
uct quality characteristics (M cLean et al.,, 1997); and enhances development
of roe and induces precocious maturation in sex-reversed broodstock
McLean et al, 1994). To date, several studies have shown that natural and
recombinant GHs are absorbed by the fish gut, subsequently transported into
the circulation in a physiologically active form, and exert growth promoting
activity (e. g, Dagani and Gallagher, 1985, McLean and Donald-
son, 1988, 1990; Le Bail et al, 1989; McLean et al, 1990b, 1993;
Hertz et al, 1991; Zhang, 1993; Tsai et al., 1994). The opti-
mal time for applying GH, in the commercial setting,
has been considered by Mayer and McLean (1995), whereas the
social and ethical issues arising from the use of GH in food animals has been
critiqued by McLean et al. (1997).

LIMITATIONS TO COMMERCIAL APPLICATION

There is little doubt that the mucosal barrier represents the major obstruction
to orally active proteins and peptides. The efficiency of this barrier has been
illustrated by comparing marker protein uptake in agastric and gastric species
and matching rectal versus oral administration studies (e. g McLean and
Ash, 1986, 1987). In combination, such observations indicate that it may be
possible to increase absorption of orally delivered peptide and protein drugs
to levels close to that seen during rectal administration. Several studies have
examined this prospect (Table 1), using various strategies, including: protec-
tion of the bioactive from the stomach and gastric secretions; defence against
lumenal enzymes; modification of the epithelial layer — in essence, punching
holes into the gut wall, and increasing protein and peptide presence by
delivery within a protective »vehicle«. While some of these methods have
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proven effective, sometimes resulting in a 1000-fold increase in absorption,
others have proven less satisfactory (Table 1).

The evolution of oral delivery systems include not only basic physiology—
oriented research, but also studies upon drug stability and properties, optimal
dosage(s) required, storage life of presentation formulae, the need for exci-
pients within the final product, actual production costs, including development
and manufacture of specialised equipment for preparation, legal servicing
(patenting etc.), field trial expenses etc. Clearly, while the oral route is highly
attractive, it is likely that such formulations will be more expensive than
traditional drug delivery technologies due to the aforementioned development
and licensing costs, and this may slow commercial take-up.

Sazetak

7. Teskeredzié, E. TeskeredzZi¢é, E. McLean, R. Ash

APSORPCIJA INTAKTNOGA PROTEINA U PROBAVNOME
TRAKTU RIBA. 2. MOGUCNOSTI APLIKACIJE
I OGRANICENJA

Jedna od glavnih uloga probavnoga trakta u riba jest izludivanje antigenskih
tvari. No, brojni dokazi upuéuju na to da je, opéenito uzevsi, probavni trakt
kraljeznjaka prirodno propustan za makromolekule unesene u organizam
hranom. Na osnovi toga predloZeno je da bi se prirodena propusnost pro-
bavnoga trakta mogla iskoristiti za unosenje proizvedenih peptida i proteina
u organizam hranom. Ovaj rad daje pregled rezultata istraZivanja dobivenih
metodama koje su koristene radi utjecaja na reprodukciju i rast uzgajanih riba
unosenjem tvari oralno. Razmatrana je mogudéa primjena apsorpcije makro-
molekula u organizam &to se ti¢e bolesti 1 odrZavanja zdravlja uzgajanih riba.
Osim toga, ukratko su ispitana ogranicenja koja se postavljaju glede komereci-
jalne promjene ovoga procesa.

Kljucne ryeci: immunostimulansi, peptidni antibiotici, LHRH, GnRH, hor-
mon rasta
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