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ABSTRACT
A mgor feed-intake inhibitor for pigs, is present in seeds of Vicia villosa ssp. dasycarpa Roth cv. Namoi.
When the seed is fed for 4 days a only 80g kg1 of the diet, it produces a steedy diminution in daily feed
intake to 25% or less of ther pre-treatment consumption (P<0.001), after the first feeding. The inhibitor
has been isolated and identified as L-canavanine. When andyticaly pure L-canavanine dihydrochloride is
supplied a an equivaent dietary concentration (13.0 mmol kg1) to that supplied by 80g kg1 of Namoi
vetch seed, it successfully mimics the response.  The response is only observed after the first med. A
review of published literature showed the diversty of anima species in the exhibiting a feed-inhibition
response to canavanine-containing seeds. These reports suggest that this wel documented arginine
andogue will be a ussful molecule for the study of pod-ingestion feed-intake regulation. An ambient

temperature procedure for the large scale isolation of L-canavanine dihydrochloride is described.
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INTRODUCTION

As pat of a program to develop dternative grain legume crops for Audraian agriculture, the am of the
present study has been to isolate and chemicdly identify a potent feed-intake inhibition factor for pigs, from
seeds of the woolly pod vetch (Vicia villosa ssp. dasycarpa Roth cv. Namoi). This vetch isahigh-yieding
forage plant and is of vaue in dry-land agriculture. However V.villosa as forage can be toxic to cattle
(Pancierra et al 1966), and its seed is toxic to poultry (Kienholz et al 1962) and references therein. The
presence of toxic factors in the Leguminosae is well documented (Smolenski et a 1981; Rosentha 1982).
Thelr exigence poses a sgnificant end-use congraint for the introduction of new grain legume and forage
crops with otherwise desirable agronomic features. Neverthdess it must be noted that their eimination may
result in the loss of agronomicaly desirable attributes such as resstance to insect atack (Rosenthd 1977b,
Natelson 1985 and references therein). In either case, a knowledge of the chemical Structures of these
biologicdly active factors will permit arationd decison as to whether they, or the genes that produce them
should be diminated, retained or transferred to other species.

Lepkovsky (1948) noted that "the most frequent defense used by animas againgt toxic compounds is to
limit their food intake so that the ingestion of the compound is reduced to non-toxic levels'. We have used
this concept in the form of a pig feed-intake bicassay.

A three phase (pre-treatment, treatment, post-treatment) pig feed-intake bioassay was used for monitoring
feed-intake inhibition during the extraction and fractionation procedures to identify and isolate the active
crystdline component of Vicia villosa ssp. dasycarpa Roth cv. Namoi. With suitable controls, there was a
clearcut essentidly Boolean (yes/no) response in the pig feed-intake at each stage of purification.

On the bass of four such experiments, a Smple cation exchange sequence was developed to isolate
aufficient andyticaly pure cryddline canavanine dihydrochloride for a definitive experiment.  This fifth
experiment gave unequivoca confirmation of the pig feed-intake inhibitory activity of pure L-canavanine
dihydrochloride. Providing an appropriate fractionation procedure is used, this feed intake monitoring
gpproach should be readily adaptable for the isolation of other low MWi. (<1500) neutra or ionic feed-

intake inhibitors or enhancers from grain legumes.
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Because the inhibitory effect of andyticdly pure canavanine on feed intake has not hitherto been directly
demondtrated, the relevant literature has been reviewed, to place the results in context and to delineate

further areas for investigation.
MATERIALS & METHODS

Bioassay

From an operaiond point of view, the mgor limitation in usng a large anima approach, is the scde of the
isolation procedure necessary to obtain a clear cut bioassay response. The percentage of the dietary
replacement necessary for the (P<0.01) leve is inversaly dependent upon the potency of the feed-intake
inhibitory source. It is important in the trestment phase that no sgnificant discontinuity in feed-intake
response becomes gpparent during the experimenta period, due to an excessively large replacement by the
negative control (soybean med, in this work) in the base diet. A single four day 8% dietary replacement
treatment for four pigs (each approximately 20 kg) required an extract or resdue equivadent to 1.5 kg of the
origind Namoi medl to dicit a clearcut P<0.01 response. The effort necessarily involved with this bioassay
is compensated to a considerable extent, because the pig is a rdevant enduser as well as a useful modd for
human nutrition.

In expts 1-4 (briefly summarised in table 2), which relate to the fractionation and identification of the active
factor, four pigs (Large White) per treatment were used. In expt 5 the number was increased to eight
animds per treetment to examine the effect of andyticaly pure canavanine hydrochloride on feed intake.
Pigs (8-9weeks old) were grouped according to weight into pens (blocks) and were individudly offered
two meds per 24h (1 med 3pm, 2nd med 9am). For each individud pig, the difference between
alocated feed and the weight of the Ieftover food (dried if necessary) gave the absolute daily (24h) intake
(kg/day), which was then (for graphica purposes) divided by that individud's mean intake during the pre-
treatment phase to obtain its feed-intakeratio.

Individud daily feed dlocations employed for expt 5 (table 1) as well the fractionation experiments (1-4,
table 2) were cdculated according to the following expression [dlocation (kg)= 0.75 x WO-65 M/D; W=
liveweight of pig (kg), M=maintenance requirement (kJkg), D=digestible energy of the diet (kJkg)]. This
quantity of feed was equivdent to 75% ad libitum feed intake, but it has the advantage that wastage is

drictly controlled. Liveweight was measured at the beginning of each phasg, i.e.: pre-treatment (days 1-4),
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treatment (days 5-8) and post-treatment (days 9-12). During the treatment phase, 8% of the basd pre-
treatment diet was replaced (table 1) with various experimenta diets. Soybean and Namoi vetch meals
were used respectively as the negative and positive controls.

Detals of the generd feed formulation are given for experiment 5 in table 1. The corresponding
formulations for experiments 1-4 differ only in the the replacement (80g kg'1) of the base diet. Solid
Namoi vetch resdues from diayds, extraction or chemicd treatments were substituted directly for the
equivalent 80g kg Lcontent of vetch ignoring the specific activity alterations due to minor changes in weight.
Likewise cation exchange fractions were adsorbed onto soybean meal (80g kg 1) again ignoring the speific
activity dterations due to minor changes in weight. At this stage the important question, was Smply whether
feed intake was inhibited or not.



TABLE 1
Diet formulations for Expt 5 (kg t 1)

Component -Base Soy Namoi +38% can 3 +100% can?” +lysine* +lysine >+
38% can3
Wheat 790 727 727 727 727 727 727
Fishmed 170 156 156 156 156 156 156
Soy medl --- 80 --- 80 80 80 80
Namoi 80
Can HCI --- --- --- 1.23 3.25 --- 1.23
LysHCl  --- 2.86 1.08
Dicdaum
phosphate 5.0 4.6 4.6 4.6 4.6 4.6 4.6
Limestone 3.0 2.8 2.8 2.8 2.8 2.8 2.8
Tdlow 25.0 23.0 23.0 23.0 23.0 23.0 23.0
St 2.5 2.3 2.3 2.3 2.3 2.3 2.3
MinVit/
premix1 2.0 1.8 1.8 1.8 1.8 1.8 1.8
Totd 997.5 997.5 997.5 998.7 1000.8 1000.4 999.8

1 Provided (per kg diet) : vitamin A, 11 000 1U; D, 2 200 1U; E, 40 1U; K, 2 mg; thiamin, 1.5 mg;
riboflavin, 5 mg; pyridoxine 2 mg; cacium pantothenate, 11 mg; niacin, 20 mg; folic acid, 1 mg; bictin, 150
ug; vitamin B1 2+ 20 pg; Cu, 10 mg; Fe, 100 mg; Zn, 150 mg; Mn, 50 mg; I, 0.5 mg; Mo, 0.5 mg; Co, 0.2
mg; Se, 0.13 mg; ethoxyquin, 100 mg.

Fina feed concentrations (above base diet) per kg diet: 2 Canavanine 2 HCl 13.04 mmol kg1, 3
Canavanine 2.HCl 5.12 mmol kg 1, 4 Lysine 2HCI 13.04 mmol kg 1, S Lysine 2HCI 5.12 mmol kg 1,
ANALYSIS: (Base diet g kg 1): Fat, 76.0; Fibre, 21.8; CP, 190.6; Arg, 10.4; His, 4.5; lle, 7.3; Leu,
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13.5; Adlys, 10.3; Met, 4.3; Cys, 3.8; Phe 8.1; Tyr, 6.3; Thr, 6.7; Try 2.2; Va 9.4, Ca9.9; P, 6.2; Avp,
4.9. Other: DE, 15.1 MJkg1; AdlysDE 0.69 gMJ 1.

Fractionation by bioassay

Four pig feed-intake experiments (1-4), tested various diets containing extracts of Namoi vetch, the
asociated residues, ion exchange fractions of the extracts as well as physica and chemicd treatments of the
Namoi vetch med. The find experiment (5) was desgned to establish whether crysdline L-canavanine
dihydrochloride incorporated in the soybean med at 38% and 100% of the measured canavanine content of
Namoi vetch was dose dependent and at the higher level was sufficient to account for the observed feed
inhibition induced by Namoi vetch. In addition measurements were made after the firg feeding to more

precisely determine the onset of feed-intake inhibition.

Initial extraction process

The technique (Resder et al. 1961) was adapted as follows. hammer-milled vetch seed (Vicia villosa ssp.
dasycarpa cv. Namoi, 10 kg) was extracted with 30% v/v ethanol/water (90 litres) in 100 litre
polypropylene containers at ambient temperature (20-25°C) with intermittent stirring, settling overnight and
syphoning of the supernatant extract. The container was twice more filled with 30% ethanol/water,
sedimented and syphoned. The combined supernatants were filtered and the dry weight of an diquot
indicated ayield of 162 g kg 1 of vetch med.

General procedurefor feed preparation

Individua ion exchange fractions or extracts equivaent to 1.5 kg of origind Namoi vetch med were
concentrated to dryness at <44° and added to soybean med as a durry, which was made up from the
minimum amount of water needed to dissolve a given fraction plus enough ethanol to wet the med evenly.
Haf the soybean med was dirred into the liquid to give a moigt solid, which was then mixed with the
remainder of the med to yidd a fridble solid. The mixture was dried, in shdlow trays with occasond
dirring, in a current of warm air. The dried materid (congtant weight), was ground and Seved to less than

2mm prior to admixture with the remainder (92%) of the basd wheat and fishmed diet.
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The following alphabetical treatments (table 2) were tested in each experiment (a) was the (-ve)
soybean control an (b) the (+ve) Namoi vetch control.

Expt 1

(c) Autoclaved Namoi vetch med, (30 min/121° C) (d) Defatted Namoi vetch med resdue
(dichloromethane, 17 h Soxhlet extraction), yield (971g kg1) (e) Concentrated solutes ex 30% Ethanol
extractions (3 x 4 litre kg 1), yield (162 g kg 1) of defatted Namoi vetch meal residue.

Expt 2

(c) Didyzed Namoi vetch med retentate. Didyss in 4 Visking tubes (1 m x 8 cm diam) containing an
agueous vetch med durry, (0.5 kg+1.25 litres HO, per tube). Tubes were knotted tightly (2x) at one
end, left loose and sufficiently long at the other end and temporarily supported in avertical postion, to act as
an exhaust during autoclaving (20 min/121° C). After autocdaving, the loose ends of the tubes and their
sterile contents were tightly knotted (2x) prior to didyss (4° C, 13 x 17W/17 litre dd HO0) in a 28 litre
container. A find exchange with 95% ethanal (15 litre), permitted the sterile contents to be readily filtered,
washed with 50% ethanol (2.2 litre) and air dried to congtant weight for bicassay. The nongterile diaysates
were discarded.

(d) Performic oxidized vetch medl.

Namoi vetch med (2.2 kg) was suspended in water (5 litre). Performic acid was prepared by gradud
addition of cold (5°) 300 g litre 1 hydrogen peroxide (0.5 litre) to 98%-100% formic acid (0.5 litre) which
was dlowed to stand for 0.5 h. It was then gradualy added with continuous stirring to the vetch seed med
suspension in an ice bath, so that the temperature did not rise above 40°C. Excess peroxide (starch/iodide
detection) was destroyed by addition of sodium metabisulfite (200 g). To amplify drying, the deperoxidised
durry was filtered on a Bichner funnel and air dried. The filtrate was concentrated separately in vacuuo
before being added back to the dried filter cake. The bioassay contral, for this oxidised vetch, comprised
an equivaent amount of sodium sulfate added to Namoi vetch medl.

(e) Cationic fraction: identicd to the total cationic treetment (C) in experiment 3 below.

Expt 3

Six cation exchange fractions (c-h) for bioassay were obtained as follows:
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Namoi vetch med (1.6 kg), was sequentidly extracted with 30% ethanol (2 x 6 litre), filtered and
concentrated at 40° to adark syrup (296 gi.e. ayield of 184 g kg'1). Supernatant extracts were adsorbed
on Mitsubishi SK IB sulfonic acid cation exchange resin (H*).  The column (2.5 litre) was washed with
water (5x bed volume) and the neutrd sugars and anionic components of this duate were discarded.
Cations were euted with 0.5 mol litre 1 NH40H (30 litre) and dl fractions (2 litre) were monitored by
paper electrophoresis (1.0 mol litre"1 acetic acid/0.75 mol litre1 formic acid, pH 1.7, 37V/cm, 0.25h,
ninhydrin detection). Fractions more cationic than glycine were combined as the basic amino acid fraction
and contained the bulk of the canavanine, with smdl amounts of arginine and lysine. The neutra amino acid
fractions (with eectrophoretic mobilities smilar in range to those of glycine to serine a pH 1.7) were
bulked. These fractions contained some trigondline (UV absorbing) and a large amount of a ninhydrin
negaive [guanidine podtive, Slver nitrate/sodium hydroxide: grey reecting] compound.  Observed
spectrometric properties of this compound included: fast atom bombardment mass data M-H*, 157,
M+H*, 159 and 13C Nmr data (ppm): 179.5 (COOH), 162.7 (C guanidine), 76.5 (CH20), 59.6
(CHNH), 33.2 (CH2). These data are consgstent with deaminocanavanine, and the compound was found
to be indistinguishable in dl measured properties from an authentic sample of deaminocanavanine prepared
by the dkdine degradation of canavanine (Rosenthd 19778). Acidic amino acids were present in those
fractions with eectrophoretic mobilities equa to or less than glutamic acid and were partitioned according to
their mgjor eectrophoretic components into three bulked fractions (5-8, 9-12, 13-15). All duates were
concentrated in vacuuo a 37° C. Yidds per kg of Namoi med were cdculated from diquots as follows:
The complete ninhydrin positive euate (separate eution) was bulked to obtain the total cation fraction ()
(vield 335 g kg ). Individua bulked fractions were: (d) the acidic amino acid fractions 5-8 (yield 2.3 g
kg 1), (e) the acidic amino acid fractions 9-12 (yield 35 g kg 1), (f) the acidic amino acid fractions 13-15
(yield 0.9 g kg1), (g) the neutral amino acid fraction (yield: 16.1 g kg 1), (h) the basic amino acid fraction
(yield 15.7 g kg 1). For the bioassay the residues from each of these eluates (equivalent to 1.5 kg Namoi
vetch) were dissolved in water (400 m litre), to which 95% ethanol (400 m litre) was added and the mixture
gradually added to 1500 g soybean medl. For the treatment phase 80g of each adsorbate was substituted
for 80g of soybean med in the -ve contral (table 1).

Expt 4
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Two treatments were chosen to examine whether crude canavanine hydochloride was active and whether
there was any anion (Cl) effect.

(c) Sodium chloride 123.6 mmol kg1 soybean medl. (d) Crude (>95%) crystaline canavanine2HCl 15.4
g kgl i.e 61.8 mmol kg1, soybean med. This concentration is equivaent to 38% of the Namoi vetch
seed canavanine concentration (0.163 mol kg'1). For isolation of the canavanine dihydrochloride, see

purification method prior to recrystalisation.

Expt 5

For detalls of this experiment see the diet formulation in Table 1.

Andyticaly pure canavanine 2HCI was added to soybean med a two concentrations equivalent to 100%
and 38% of the canavanine concentration present in Namoi vetch seed (29 g kg1 = 0.163 mol kg'1). An
additiond control of an equimold concentration of lysine 2HCI (0.163 mol kg'l) on soybean med, was
included to dlow for ether an anion (CI) or a dibasic amino-acid effect. The sixth treatment comprised an
equimola mixture of canavanine 2HC! (0.064 mol kg 1) and lysine 2HCI (0.064 mol kg'1) on soybean
med. In this experiment the initid feed-intake at the first (3pm) feeding of the treatment diet (day 5) was

measured separately in order to assess when the effect of canavanine on feed-intake became apparent.

Isolation and purification of L-Canavanine dihydrochloride

Anayticdly pure, crystdline canavanine 2HCI was isolated from the turbid, agqueous supernatant liquor of a
sedimented agueous extract (200 litre) of the Namoi vetch seed (20 kg) by adsorption onto a 6 litre sulfonic
cation exchange (N H4+) column [Mitsubishi SK | B (water purification grade)].

After thorough washing with water (including backflushing to remove particulate metter), and desorption
with 2M HCI (30 litre), concentration in vacuuo at 55° C yielded aydlow solid resdue. The resdue was
suspended in 5 moal litrer1 HCI (1 litre) filtered with a sintered glass (#3) funnel and washed with 5 mal litre”
1 HCL (6 x 100 mlitre). Paper eectrophoresis a pH 1.7, showed the bulk of the ferric sdts and
ammonium chloride were present in the mother liquor and washings. The crude crystdline canavanine
hydrochloride resdue was sucked dry and resdual HCl was removed by storage in a vacuum dessicator
over soda lime to yield crude canavanine hydrochloride (480 g, 59.1% based upon the canavanine content
of Namoi). Repeated extraction (6x ,1.5 m litre g 1) of this residue, with warm (85°) 5 mol litre'1 HCl,
separated it into an acidic filtrate and aresidue (NH4Cl). Removal of Fe3* by ether extraction of the acidic
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filtrate, and charcod decolourization, produced colourless crystas of canavanine 2HCl a 5°C. Two
recrydtalizations with 5 mal litre'1 HCI (1.5 m litre g1) produced 148 g (18.29%) of andyticaly pure
canavanine 2HCI, [alp 17.4° +/- 0.3°, (H20, c=1, I=1, 20°C). And.: ( CsH12 N4 O3.2HCI, requires.
C, 24.1%; H,5.7%; N,22.5%; Cl,28.5%; Found: C, 24.0%; H,6.1%; N,22.3%; Cl,28.6%). HPLC
(Jones and Gilligan, 1983) andysis of (0.1M HCI /35°/17h) extracts (Bell 1960) indicated a concentration
of 0.163 mmol g 1 (29 g kg1 D.W.) in the origind Namoi vetch medl.

Statistical design and analysis

Each of the five experiments was laid out as a randomised complete block design with
four blocks. Feed-intake was measured on four successive days in each of the pre-
treatment, treatment and post-treatment phases. Anayss of variance was performed
on the datain each of the experimenta phases using the GENSTAT satistical package.
In experiment five, linear contrasts were used to further investigate the relationships
between the diets.
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RESULTSAND DISCUSSION

Fig. 1. Dally voluntary feed-intake ratio data (experiment 3), for 20kg pigs fed wheet and fishmed diets a
approximately 75% of their ad libitum intake during pre- and post- treatment days (1-4 and 9-12). During
the trestment days (5-8), an 8% dietary replacement with one of the four treatments, (i) -G- -ve control of
soybean med, (i) -H- +ve control of Namoi (29 g kg1 = 0.163 mol kg1 canavanine) jii) -B- soybean +
recovered tota cationic amino acid fraction from Namoi vetch, (iv) -J soybean + recovered basic amino

acid fraction. SED: ( day 1-4: 0.09, day 5-8 :0.10, day 9-12: 0.09)

Fig. 1 Shows the voluntary feed-intake bioassay response in pigs. These bioassay data show that after four
days on an acceptable wheat and fish med diet, replacement of 8% with soybean med in the control diet
does not induce any discontinuity. However, replacement of 8% by Namoi vetch, immediately reduced the
voluntary feed-intake ratio. The ratio continued to decline to gpproximately one quarter of the pretreatment
intake. Namoi vetch was removed on the eighth day, whereupon the pre-trestment feed-intake was
resumed. Data (RL Davies, unpublished) indicate that feed-intake depresson continues as long as the

vetch isincorporated into the diet.

TABLE 2
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Expt Treatment Feed-intake Pig weights,
(kg/day) max-min; mean(kg)
No. animals
1 a) Soybean (-ve control) 0.89 16-22.5;18.8
b) Namoi vetch (+ve control) 040 20 animas
¢) autoclaving 042
d) defatting 035
€) agueous ethanol extraction 0.66
SD 0.075
2 a) Soybean (-ve control) 094 15-20; 16.7
b) Namoi vetch (+ve control) 0.19 20 animas
c) dialysisretentate 0.79
d) peroxidation+NaHSO3 0.27
€) cationic fraction 0.60
SD 0.083
3 a) Soybean (-ve control) 102
b) Namoi vetch (+ve control) 0.30 19-26; 22.8
c) cationic fraction 057 32 animds
d) acidic amino acid fns5-8 102
€) acidic amino acid fns 9-12 107
f) acidic amino acid fns13-15 104
g) neutral amino acid fns2+3 A 107
h) basic amino acid fns2+3 B 0.67
SD 0.087
4 a) Soybean (-ve control) 102
b) Namoi vetch (+ve control) 040 18-23; 20.0
¢) NaCl 108 16 animals
d) 0.043 M Canavanine.2HCI 0.65
SD 0.078
5 a) Soybean (-ve control) 113
b) Namoi vetch (+ve control) 045 19-29; 24.6
¢) 0.163 M canavanine.2HCI 051 48 animals
d) 0.163 M lysine2HCI 114
€) 0.062 M canavanine.2HCI 0.90
f) 0.062 M canavanine.2HCl+ 0.95
0.062 M lysine.2HCL
SD 0.053

With the aid of this bicassay we have found (Experiments 1 and 2, table 2), that the active component is
insoluble in dichloromethane, thermdly stable (1250/307), water soluble, resistant to performic acid
oxidation, didysable, dowly extracted by 30% ethanol, and retained with the basic amino acid fraction by

cation exchange resin (NHg ™).

In experiment 3, dution of the totd cationic and basic amino acid fractions from the resn with ammonia
(Rosenthd 1977a) gave the active bioassay responses shown in Fig 1 as afunction of time. In both cases

the recovery of biologica activity was poor by comparison with the pogtive control. There was no
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detectable biological activity in any of the acidic or neutral amino acid fractions. By electrophoretic and 1H
NMR examination of the biologicdly inactive neutrd amino acid fraction it was clear that it contained a
congderable amount of deamino-canavanine, a wel known akadine degradation product of canavanine
(Rosenthal 19774).

By contrast, dution of the basc amino acid fraction with hydrochloric acid and fractiona crystdlisation
under acidic conditions to separate the accompanying ammonium chloride, produced a biologicaly active
colourless crygtdline solid, whose activity was confirmed in experiment 4 (Table 2).

Electrophoretic (pH 1.7 & pH 9.2), NMR, FAB/MS and HPLC analyss of these crystals, demonstrated
that they comprised more than 95% canavanine 2HCL. Recrystdlization produced anayticaly pure L-
canavanine 2HCI, the L- configuration was inferred from the amilarity in sgn and magnitude of the molar
opticd rotation of the 2HCI to the molar rotation of authentic L-canavanine sulfate. The hydrochloride st
readily crystdlized from acidic agueous solutions in marked contrast to the sulfate sdt.  Although the acidic
elution and fractiond crystdlization procedure produced a lower unrecrystdlized yield (59.1%) than the
published low temperature ammonia eution procedure (85%, Rosenthd 1977), dl operaions can be
caried out a room temperature on a large scae and there is no racemisation, or loss of materia by
deamination to form the biologicdly inactive deamino-canavanine. Secrificd recrystdlisation gave find
isolated yied of 18.2% of andyticdly pure materid, however recovery can be further enhanced by

scavenging the mother liquors.

For verification that the biologica activity of canavanine was sufficient to account for dl the measured feed-
intake inhibition of Namoi vetch, the concentration of pure canavanine required for incorporation into the
soybean med to smulate the Namoi vetch concentration was measured by HPLC (Jones and Gilligan
1983). Anaysis of (0.1 mal litre'l HCl /35°/17h) extracts (Bell 1960) indicated a concentration of 0.163
mmol kg1 (29 g kg 1DW) in the origind Namoi vetch medl. Thisvaueisin agreement with the commonly
reported range of 20-40 g kg1 for Papilionoidae seeds (Rosenthal 1982).

Detailed results and discussion of experiment five
During the pre-treatment phase, the mean intake (kg) on days 1-4 was 1.04, 1.04, 1.05 and 1.07
respectively, and differed sgnificantly over the four days (P<0.001).
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Andysis of variance of the feed-intake in the ensuing trestment period indicated that the interaction between
diet and day was datigticaly sgnificant (P<0.001). The mean intakes for the Sx diets by four days are
shownin table 3.
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TABLE 3
Mean Dally Intake (kg) / Pig a 8% Dietary Replacement (Days>-8)

Day -Control ~ +Namoi*  +38% Namoi +100% Namoi +lysinex  +lysine with SED
can_* can* 38% Namoi can* Means

5 1.10 0.67 0.98 0.82 1.12 1.07 0.064

6 1.14 0.46 0.87 0.48 1.15 0.96 0.064

7 1.13 0.26 0.86 0.34 1.14 0.87 0.064

8 1.14 0.41 0.88 0.39 1.14 0.88 0.064

__canavanine abbreviated to can, * soybean+component(s)

The following linear contrasts clarify the diet x day interactions.

()  -Control versus modified diets containing canavanine (P<0.001)

(i)  +Lysneversustreatments containing canavanine (P<0.001)

(i) +100% Namoi canavanine concentration on soybean versus +Namoi (ns)

(iv)  Diets containing 38% Namoi canavanine concentration on soybean versus 100%
Namoi canavanine concentration on soybean (P<0.001)

(v) +38% canavanine concentration on soybean versus +lysine with 38%

Namoi canavanine concentration on soybean (ns)

These data show that Namoi vetch or canavanine a either 38% or 100% of the equivadent Namoi levels,
notably affects feed-intake in the pig. Lysine 2HCI, was arbitrarily chosen as a non guanidino dibasc
amino acid control additive. It was fed at the same mola concentration as the canavanine in Namoi vetch
and did not emulate either the 38% or 100% canavanine inhibitory effects on feed-intake. The 100% level
of canavanine added to soybean meal compared with Namoi medl resulted in smilar feed-intake reductions,
but the 38% canavanine-soybean diet produced a Sgnificantly smaler reduction in feed-intake compared to
the treetment using 100% level of canavanine present in Namoi vetch. There is no ggnificant difference in

feed-intake depression by the 38% canavanine trestment and 38% canavanine with an equimold addition of
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lysine. Taken together, these reaults clearly demondtrate that the measured feed-intake inhibition produced

in pigs by Namoi vetch, is afunction of the L-canavanine concentration in the diet.

Andysis of the pogt-treatment phase in which canavanine-containing diets were no longer fed and the diet
once more contained only wheet and fishmed indicated, that the pigs voluntary feed-intake behaviour was
quickly and subgtantidly restored as demondtrated by the nonsgnificant differences (P=0.267) among the
Sx post trestment diets. Both the absolute feed-intake and the dimensionless feed-intake ratio data shown
inFigs. 1 and 2 are afunction of the weight of the pigs.

The mean post treatment intake for each of the diets was 1.19, 1.14, 1.15, 1.10, 1.20 & 1.12 (digs in
same order as in table3). The mean intakes for the find four days (9-12) of the study were 1.16, 1.15,
1.12and 1.17. Agan there was adgnificant day effect (P<0.01).

Gender effect

Significant gender by day interactions were observed for pretrestment (Days 1-4) maes: 0.99, 1.00, 1.01,
1.05 and females: 1.08, 1.08, 1.08, 1.09 (P<0.05), treatment (Days 5-8) males: 0.91, 0.83, 0.78, 0.77 and
females; 1.01, 0.86, 0.75, 0.84 (P<0.01) and post treatment (Days 9-12) males. 1.14, 1.13, 1.07, 1.15
and females: 1.18, 1.18, 1.18, 1.18 (P<0.01) phases, with generaly lower feed-intake means for boars
compared with gilts, but the overdl pattern of feed-intake inhibition by canavanine containing diets was
unmistekeable. Mades were also more sporadic egters than femaes in both the pre-treatment and post-
trestment phases.

Anaysds of variance of the pigs weights showed that the femde pigs were Sgnificantly heavier than the mde
pigs in the pre-treatment and phases (P<0.01 and P<0.05 respectively). The gilts were, on average, 630
grams heavier in the pre-trestment phase and 730 grams heavier in the treatment phase of the experiment.
Houseman (1973) noted that boars had a lower feed intake than gilts but converted their feed more
efficiently. However, Yen et d (1986) found no difference between the sexes in mean food intake except
for diets with high lysine (10.4g/kg diet) and protein (160g CP/kg diet) where boars were superior to gilts

and these to castrates.

Post ingestion effect (Table 4)

TABLE 4
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Feed-intake (kg) for separate meds

on day five
Meal -Control ~ +Namoi*  +38%can* +100% can* +lysiner +lysinewith SED
38% can* Means
1st 0.52 0.48 0.47 0.49 0.54 0.56 0.043
2nd 0.58 0.19 0.51 0.33 0.58 0.51 0.053
Total 1.10 0.67 0.98 0.82 1.12 1.07 0.052

_ canavanine abbreviated to can, * soybean+component(s)
In experiment 5 only, the feed-intake was measured after the first mea in addition to the tota consumption
for the day at the start of the treatment period (day 5). These measurements provide the data shown in
table 4. There was no sgnificant difference among the means for the first medl (P<0.001), wheress thereis
aclear reduction of feed-intake of the 100% canavanine containing diets during the second medl.
Tagte averdon is a learned behaviour where the negative ingestional consequence of a med is associated
with a particular taste. It dso requires atime period of severa hours post-ingestion for such an aversion to
develop (Ashe & Nachmann 1980).
From the datain table 4 we infer that for canavanine containing diets, the effect on feed-intake is mediated
by a post-ingestiond reaction to canavanine and this behaviour is akin to the feed averson described for
pigs by Houpt et a (1979).

Feed-intake ratios and graphical comparisons

The dimensionless feed-intake ratio is more useful than the absolute intake data for graphicaly comparing
the time dependent patterns of different experiments as depicted in Figs 1 and 2. These feed-intake ratio
patterns were an important feature of data assessment for experiments 1-4 during the isolation procedure.
The data for experiment five shown in Fig 2, cdealy illudrate tha canavanine mimics the feed-intake
inhibition of Namoi vetch.
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Fig. 2. Feed-intake ratio data from experiment 5, for 20kg pigs fed wheat and fishmed diets a
goproximately 75% of their ad libitum intake. During the treetment days (5-8), an 8% dietary replacement
(cf. Table 1) with one of the Six treatments, (i) -G- (-)ve control of soybean medl, (ii) -H- (+)ve control of
Namoi (29 g kg1 = 0.163 mol kg1 canavaning) (jii) -J- soybean + 29 g kg1 (0.163 mol kgl
canavanine, (iv) -B- soybean +11.3 g kg1 (0.064 mol kg 1) canavanine, (v) -C- soybean + (0.163 mol
kg 1) lysine 2HC, (vi) -E- soybean + (0.064 mol kg 1) canavanine and (0.064 mol kg 1) lysne. SED:
(day 1-4: 0.04, day 5-8:0.06, day 9-12: 0.05)

Chemical consderations

L-Canavanine (1) is usudly described as a guanidinoxy andogue of L-arginine (I1). However, the andogy is
flawed because the dectron digtribution of the guanidine portion of canavanine was unequivocaly
established as (1) by a crystd-gtructure investigation (Boyer and Marsh 1982). Replacement of the carbon-
5 methylene of arginine by an dectronegative oxygen dters the guanidine dectron digribution as shown (1)
and thereby markedly lowers the pKa of the guanidine group from 12.5 to 7.0 whilst leaving the overal

dimensions of canavanine virtudly unchanged (Boyer and Marsh 1982).

FIG. 3. Formulae comparing differences in guanidine eectron distribution between L-canavanine and L-

agnine

The resultant cationic charge diminution of canavanine compared to arginine in the physiologicd pH range
near 7, undoubtedly has important biological implications especidly when canavanine replaces arginine in

proteins or peptides. Most of the well documented toxicity symptoms of canavanine can be explained by its



19

subgtitution for arginine in various arginine metabolic pathways, proteins (Rosenthd 1977b; Rosenthal 1991)
and possibly bio-regulatory peptides. We can reasonably assume that its effect on pig feed-intake is dso
aginine rdated and it should provide an excdlent molecule for the future study of feed-intake regulation.
The indirect possihility exigts, that canavanine may inhibit arginine-rdated nitric oxide generation (reviewed
by Stuehr and Griffith 1992) which is important in blood pressure control via a mechanism anaogous to the
relaxation effect of nitric oxide on rat aortic rings (Schmidt et d 1988). Such an indirect mechanism could
conceivably influence feed intake regulation via some as yet unidentified nitric oxide effect on perigdss, and
isworthy of further study.

Biological consderations

There are many reports of toxic effects from the feeding of seeds which contain canavanine to: rodents
(Tschiersch 1962; de Mudenaere 1965; Wyss and Bickd 1988), cattle (Claughton and Claughton 1955;
Shone 1961), birds (Arscott and Harper 1964, Shqueir et al. 1989, Leon et d 1990 and 1991) monkeys
(Mdinow et al. 1982) and humans (Roberts and Hayashi 1983). However, there gppear to be only two
reports confirming that acute toxicity symptoms can be induced by feeding purified canavanine sdts to
animas. In one case mice were fed a 2 g kg1 bodyweight (Tschiersch 1962), and in the other, monkeys
were fed diets containing up to 20 g kg 1 canavanine as the sulphate salt (Mainow et al. 1982). In neither

case was the actud amount of ingested canavanine specified.

Asfar as sublethd doses of purified canavanine sdts are concerned, the only report of aberrant behavioura
symptoms induced by low dietary levels appears to be with mice fed 200 mg kg1 day-1 (1.14 mmol kg1
day-1) bodyweight (Tschiersch 1962). Prete (1985) reported that L-canavanine fed to a"normal species’
of mouse induced autoimmune phenomena and exacerbated these symptoms in a murine systemic lupus
erythrematosus model. However, no "substantid" decrease in protein consumption was observed. No
details of feed-intake were given in any of these rodent sudies. Shqueir et al. (1989) supplied feed which
contained canavanine sulphate at 867 mg kg 1 (= 3.16 mmol kg 1) to chickens (initial av. wt. 40g) and
found no statistically significant deleterious effects with a feed-intake of 18.33g day1 which equatesto an

initial canavanine intake per bird of 57.85 1 mol day1 or 1.45 m mol kg1 day1 bodyweight.

Canavanine and feed-intake
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This report represents the firg example of voluntary feed-intake inhibition in a monogastric animd by an
andyticdly pure naturdly occurring amino-acid andogue. On a porcine bodyweight bass, an initid
canavanine intake of less than 43 mg kgl day1 (= 0.24 mmol kg1 day1) was sufficient to induce an
eadly measurable feed-intake depresson of 20%. Such control of ad libitum feed-intake in pigs has been

seen as commercidly desirable by Fowler (1985).

By contragt, Shqueir et al (1989) found no datidicdly measurable effects on chickens fed canavanine
sulfate at 1.45 mmol kg1 day-1 bodyweight. Hence on a bodyweight basis, some chickens can apparently
tolerate much higher levels of purified canavanine than pigs. Neverthdess, the acute toxicity to poultry of
dietswhich comprised mainly Vicia villosa seeds, is well documented (Arscott and Harper 1964; Kienholz
et d 1962). These seeds can reasonably be expected to contain canavanine agpproaching the level (163
mmols kg 1) found in V.villosa ssp. dasycarpa in the present study. Hence, the canavanine dosage (mmol
kg1 day-1 bodyweight) for acute toxicity symptons in poultry has not yet been established. Leon et
(1991) have edablished that dthough a short term feed-intake inhibition in chickens fed jack bean
Canavalia ensiformis (L) DC med, could be explaned in terms of the presence of an uncertain
concentration of the thermolabile Concanavaine A. Nevertheless, a thermostable residud feed intake
depressant activity for poults and chicks still remained in jack bean meal which had been extruded (135° C)
(Leon et d 1990 and 1991). The thermostable residua feed intake depressant activity was tentatively

ascribed to canavanine, but the concentration of canavanine in the extruded materia was not reported.

The literature records smilar feed-intake inhibitory behaviour by diets incorporating seeds of C. ensiformis
fed to rats (de Muedenaere 1965) and cattle (Addison, 1958), and of Vicia villosa fed to cattle (Pancierra
et al. 1966). These seeds are now well known to contain canavanineg; for its quditative distribution see Bell

(1960) and for its quantitation see Turner and Harbourne (1967); Rosenthd (1977) and Natelson (1985).

From these diverse reports, virtudly dl of which directly or indirectly associate this arginine andogue with
feed-intake inhibition, it is clear that the effect is not necessarily limited to monogadtric animas. Future
comparative studies of tolerance and adaption to canavanine containing diets in different species are clearly
warranted. In the mean time, condderable care should be exercised in formulating feedstuffs incorporating

seeds with a high canavanine content.
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In cattle (Addison, 1958), the unpalatability of jack bean meal (Canavanine content 26.5g kg -1, Natelson,
1985) in the diet, was effectively masked by the addition of molasses (<18 litre t 1). In unpublished work
by the late R L Davies of these laboratories, it was observed that a neutralized hydrochloric acid
hydrolysate of a turbid agueous extract of Namoi vetch seed was less inhibitory to pigs than an equivaent
amount of unhydrolyzed extract. Examination of the hydrolysate showed the presence of much glucose
from gtarch present in the origind turbid extract. From these two reports, and a persona communication
from E A Bél, which indicated that rats could be induced to eat canavanine-containing feed when mixed
with chocolate spread, it seems that a canavanine induced feed-intake inhibition may be at least partly

reversed by including sweet tasting additivesin the diet.

Human dietary implications

In view of the reproducible and readily observable feed-intake inhibition induced in both pigs (this work),
and rats (de Muelenaere 1965), by diets incorporating Vicia villosa (canavaning, 29 g kg'1) and
Canavalia (canavanine, 26.5 g kg1, Natelson 1985), the possible deleterious effects to human dietary
sources of canavanine needs to be consdered. Natelson (1985) has reported the canavanine content of
various afalfa seeds to be in the range 8.33g kg 1 to 13.6 g kg1, and adverse human reections to dfafa
tablets are documented (Roberts and Hayashi 1983). Although canavanine is rapidly lost during
germination (Bell 1960) the possibility exigs, that hyper-sengtivity in some human individuas to low resdud
levels of naturdly occurring canavanine in dfdfa sprouts could have physiologicd and dietary implications.
Such effects may well be exacerbated in individuas suffering from manutrition or hepatic disease.

Nevertheless, for the vast mgority of the human population, we support the view expressed by Rosenthd
(1978), that dthough "some canavanine seeds do comprise a dietary nitrogen source in certain human
cultures (Shone 1961; Nout and Rombouts 1990; Obizoba and Obiano 1988)" ... " these legumes are
[soaked (Obizoba and Obiano 1988); drained (Nout and Rombouts 1990) and] cooked extensively "and in
generd” none of the commonly consumed table legumes, nor legumes such as soya bean, which are
employed as protein supplements contain sgnificant canavanine.” The water solubility of canavanine as well
as the usage of dkaine conditions for cooking Canavalia (Obizoba and Obiano 1988, D'Mdlo and

Waker 1991), would certainly enhance the destruction of any resdua non-extracted canavanine by
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conversion to deaminocanavanine. In experiment 3, alkaine degradation of canavanine (recovery = 15.79g
kg1, 54%) yielded deaminocanavanine as a mgjor component in the neutral amino acid fraction which
euted with anmmonia  Assuming that the unrecovered canavanine was substantidly converted to the
observed deaminocanavanine we can estimate that this fraction (recovery = 16.1g kg 1) could account for
up to nearly half theinitia canavanine concentration ( = 29g kg'1). However the experiment 3 pig bioassay
(Figl and table 2) demondtrated that in contrast to a Smilar level of recovered canavanine, this neutrd
amino acid fraction containing deaminocanavanine, showed no dgnificant feed-intake inhibition. It is
evident, that with an understanding of the chemistry of anti-nutritiona factors, detoxification strategies can be
explained; or newly devised in order to render many potentidly toxic leguminous foods safe to eet, which

could be amatter of congderable importance in famine Stuations and for future food resources.

CONCLUSION
The factor present in V.villosa ssp. dasycarpa which inhibits feed-intake in pigs a a voluntarily ingested
dose of < 43 mg kg1 day1 has been identified with the help of a pig feed-intake bioassay as L-canavanine
and may be useful in the sudy of feed intake regulation.
The close dructura resemblance of canavanine to arginine suggedts that a re-examination of the role of
arginine in feed intake regulation could be rewarding. Thisis especidly 0, if recently discovered properties
such asitsrole in blood pressure control via the generation of the nitric acid radicd (reviewed by Stuehr and
Griffith 1992) were to be replicated in other phenomenardated to feeding such as perigads.
In principle, in a protein deficient world, more leguminous high protein food could be made availadle for
animd and human consumption with a knowledge of the content of undesrable biologicaly active
components such as canavanine. In particular, their sability to heat, hydrolyss, pH, endogenous enzymes
and ease of extraction can logicdly explain or suggest effective post harvest processng methods such asthe
sample extraction and dkaine heat trestment for jack bean (Obizoba and Obiano 1988, D'Mdlo and
Waker 1991). This post harvest processng can now be seen to be thermadly destroying the Concanavaine
A content which is dready known to affect feed intake in poultry (Leon et d 1990, and 1991) in addition to
destroying any residua unextracted canavanine by conversion to the cyclic deamino-canavanine (Rosenthd
et a 19774).
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FIG. 2
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FIG. 3
ENNEKING et al. : "L-Canavanine : A Naturd Feed-Intake Inhibitor for Pigs'
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TABLE 1

Diet formulations kg t1

Component -Base Soy Namoi +38% Namoi +100% Namoi +lysine* +lysine >+
can 3 can? 38% cans3
Wheat 790 727 727 127 127 127 127
Fishmed 170 156 156 156 156 156 156
Soy med --- 80 --- 80 80 80 80
Namoi 80
Can HCl --- --- --- 1.23 3.25 --- 1.23
LysHCl - 2.86 1.08
Dicddum
phosphate 5.0 4.6 4.6 4.6 4.6 4.6 4.6
Limestone 3.0 2.8 2.8 2.8 2.8 2.8 2.8
Tdlow 25.0 23.0 23.0 23.0 23.0 23.0 23.0
St 25 2.3 2.3 2.3 2.3 2.3 2.3
Min\Vit/
premix:L 2.0 18 18 18 18 18 18
Tota 997.5 997.5 997.5 998.7 1000.8 1000.4 999.8

1 Provided (per kg diet) : vitamin A, 11 000 1U; D, 2 200 1U; E, 40 1U; K, 2 mg; thiamin, 1.5 mg;
riboflavin, 5 mg; pyridoxine 2 mg; cacium pantothenate, 11 mg; niacin, 20 mg; folic acid, 1 mg; bictin, 150
ug; vitamin B12» 20 ug; Cu, 10 mg; Fe, 100 mg; Zn, 150 mg; Mn, 50 mg; I, 0.5 mg; Mo, 0.5 mg; Co, 0.2
mg; Se, 0.13 mg; ethoxyquin, 100 mg.

Find feed concentrations per kg diet; 2 Canavanine 2 HCI 13.04 mmol kg1, 3 Canavanine 2.HCI 5.12
mmol kg1, 4 Lysine 2HCI 13.04 mmol kg1, S Lysine 2HCI 5.12 mmol kg1, ANALYSIS: (Base diet
g kg'l): Fat, 76.0; Fibre, 21.8; CP, 190.6; Arg, 10.4; His, 4.5; lle, 7.3; Leu, 13.5; Adlys, 10.3; Met, 4.3;
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Cys, 3.8, Phe8.1; Tyr, 6.3; Thr, 6.7; Try 2.2; Vd 9.4; Ca9.9; P, 6.2; Avp, 4.9. Other: DE, 15.1 MJkg
1. AdysDE 0.69 gMJI 1.
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Expt

Treatment

a) Soybean (-ve control)

b) Namoi vetch (+ve control)
¢) autoclaving

d) defatting

€) aqueous ethanol extraction
SED

a) Soybean (-ve control)

b) Namoi vetch (+ve control)
c) dialysisretentate

d) peroxidation+NaHSO3

€) cationic fraction

SED

a) Soybean (-ve control)

b) Namoi vetch (+ve control)
¢) cationic fraction

d) acidic amino acid fns5-8

€) acidic amino acid fns 9-12

f) acidic amino acid fns13-15

g) neutral amino acid fns2+3 A
h) basic amino acid fns2+3 B
SED

a) Soybean (-ve control)

b) Namoi vetch (+ve control)
¢) NaCl

d) 0.043 M Canavanine.2HCI
SED

a) Soybean (-ve control)

b) Namoi vetch (+ve control)

¢) 0.163 M canavanine.2HCI

d) 0.163 M lysine.2HCI

€) 0.062 M canavanine.2HCI

f) 0.062 M canavanine.2HCl+
0.062 M lysine.2HCL

SED

TABLE 2

Feed-intake
(kg/day)

0.89
0.40
042
0.35
0.66
0.075

094
0.19
0.79
0.27
0.60
0.083

102
0.30
057
102
107
104
107
0.67
0.087

102
0.40
108
0.65
0.078

113
045
051
114
0.90
0.95

0.053

Pig weights,
max-min; mean(kg)
No. animals

16-22.5; 18.8
20 animals

15-20; 16.7
20 animals

19-26; 22.8
32 animals

18-23; 20.0

16 animals

19-29; 24.6
48 animds

32
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TABLE 3
Mean Daily Intake (kg) / Pig a 8% Dietary Replacement (Days-8)

Day -Control +Namoi*  +38% Namoi +100% Namoi +lysiner  +lysinewith SED
can * can* 38% Namoi can* Means

5 1.10 0.67 0.98 0.82 1.12 1.07 0.064

6 1.14 0.46 0.87 0.48 1.15 0.96 0.064

7 1.13 0.26 0.86 0.34 1.14 0.87 0.064

8 1.14 0.41 0.88 0.39 1.14 0.88 0.064

__canavanine abbreviated to can, * soybean+component(s)
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TABLE 4

Feed-intake (kg) for separate medls

on day five
Meal -Control +Namoi*  +38% Namoi +100% Namoi +lysines +lysine with SED
can * canr 38% Namoi can*  Means
1st 0.52 0.48 0.47 0.49 0.54 0.56 0.043
2nd 0.58 0.19 0.51 0.33 0.58 0.51 0.053
Tota 1.10 0.67 0.98 0.82 1.12 1.07 0.052

__canavanine abbreviated to can, * soybean+component(s)
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LEGENDS:
ENNEKING et al. : "L-Canavanine : A Naturd Feed-Intake Inhibitor for Pigs’

Fig. 1. Dally voluntary feed-intake ratio data (experiment 3), for 20kg pigs fed wheat and fishmed diets a
goproximately 75% of their ad libitum intake during pre- and post- treatment days (1-4 and 9-12). During
the treatment days (5-8), an 8% dietary replacement with one of the four treatments, (i) -G- -ve control of
soybean med, (ii) -H- +ve control of Namoi (29 g kg1 = 0.163 mol kg1 canavanine) (iii) -B- soybean +
recovered totd cationic amino acid fraction from Namoi vetch, (iv) -J soybean + recovered basic amino
acid fraction. SED: ( day 1-4: 0.09, day 5-8 :0.10, day 9-12: 0.09)

Fig. 2. Feed-intake ratio data from experiment 5, for 20kg pigs fed wheat and fishmed diets a
goproximately 75% of their ad libitum intake. During the treetment days (5-8), an 8% dietary replacement
(cf. Table 1) with one of the Six treatments, (i) -G- (-)ve control of soybean medl, (ii) -H- (+)ve control of
Namoi (29 g kg1 = 0.163 mol kg1 canavaning) (iii) -J- soybean + 29 g kg1 (0.163 mol kg
canavanine, (iv) -B- soybean +11.3 g kg1 (0.064 mol kg 1) canavanine, (v) -C- soybean + (0.163 mol
kg 1) lysine 2HC, (vi) -E- soybean + (0.064 mol kg 1) canavanine and (0.064 mol kg 1) lysne. SED:
(day 1-4: 0.04, day 5-8:0.06, day 9-12: 0.05)

FIG. 3. Formulae comparing differences in guanidine eectron digtribution between L-canavanine and L-

arginine (Boyar and Marsh 1982)



