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dig:axy _chaling,vmoﬂexned__the_in/fum:g* uf.af_latmn_gn_:
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Aﬁatoxin (2. Sug/g dlet) was fed to h&ler thicks for 24-26
duya in  five .aeparar.e feeding cr:lals in which the * effects of

‘supplemsm:ary choline, folate, threonine, lysine, and lysine ‘plus

* arginine; were examined: Weight gdin, feeq 1nr.ake, feed conversion

manner typlcal # for

and hep$t1c lipid respgnded in a

‘Plasma ‘rations cf LDH, taurine, tyrosine}

afl
bhenyh‘lanine. ntg{nine, . ornithine, &itzulline. glu:amine.
amménia end perhuvs BUN were increased in response to aflatoxin.
while ylasm levels of threontne. lysine, “total pra:gln,
alb\min/glohulin (A/G) ratio, uric acid, :holesterol, culcium‘,

inorganic’ phosphate, total iran :otal iren binding capaci:y, nnd

P percent tre n, . d 3

'
Int‘mperitoneal (IP) administration of choline; but not

: mjorm of the' biochemical s. .
J

lementation 1mpxoved the perfo: of chicks

Lysine
with ailscnxicasis, uhile threonlne had a negntive effect. “This

may . he related to urnithine detoxificar.ien nf aflatoxin through

“the , opposlng effects of these two aming Acids on the activity of:

the enzyme urginuse, which ca:alyzes the :onversion of arginine

to ornithina and urea.’

Plssma 1ysine Lnncentration varies considenbly as a result

of génetic differences in lysine metabolism. Data indicates that
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“chicks  with high plasma lysine concentration sre more, resistant. ..

to aflatoxicosis than chicks with low plasma concentrations of

X lysine.
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In this chapter, general aspects of toxin producing moulds are

reviewed. ‘An_historical account of afldtoxicosis is included, with

a discussion of ‘the chemital structure of aflstoxin and current

“knowledge of aflatoxin metabolism. The prelininary work which led to

the Qnal choice of this thesis topic is ‘also presented. Additional

‘revleus which appear before chapters ITI,- VI, snd V contain more

detail:d 1nfurmat1on of yur:iculn relevance to the subject matter of

the chapter ‘in questxon. Ry

" Toxin Eroducing moulds %

Mycotoxins are poisanous in a as

the result of the srowth and metabol\igm of moulds. Prnducr.ion of :hése
toxic me:aboutes is dependent on the presence of a- toxin producing
mould - in ‘combinetion with the lappropriate  temperature, vxygen
contentrnu:on, .moisture level, and substrate. Optimal conditfons for

mould, growth are nét necessarily optimal conditions for toxin

on (1), It is that 30-40% of all moulds ere capsble
of producing mycotoxins ‘under certain conditions. Crops may be ’
infest‘ed"l;y moulds prior to harvest, usually .aftgr d pla‘nts natural
deferise” mechanisus have been weakened by insect® 1nfes'tntion‘;>r harsh
veather conditions..Fungal infections also occur post-harvest, and are
g result of inadequate dehydration or improper storage and h;nd ng.
Control of moisture and temperature are particularly critical in'this
respect (1)./_A given" tuxin nay.be produced by a single or. :;xany
dif.ferent mould spécies and the different mycotnxins vary Cnnsiderably
in chemical form and praperties. Althcu‘g_h the ‘toxin producing moulds

J
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" toxic and carcinogenic mycotoxin‘k.nown.

are not restricted to any single group of moulds,
they occur most frequently are Aspergillus, Penicillium, and Fusarium.

A group of closely related metabolites produced - by strains of

Aspérgillus flavus and Aspergillus parasiticus are known collectively.
as aflatoxin. These fungi are ubiquitous, and thus the po:e_m.) for
the outgrowth of aflatoxin producing:fungl in foodstuffs and “hninal
feedsiq widespread. Corn end peanuts are particularly susceptible to
uflat‘:ﬂcontmination .and "~ both are major 1ngr=dien;:s nf animal

f“db Af

Tatoxin * is not only the most prevalent, - but also the most

Aflal:o'xin contamination of

grains is normally associated wit!h varn climates glthough the lgber |

limiting temperntute for greu:h of A. flavus 15 12¢ (1).

Hence,
Newfoundland is not generally thought of as a region in which
aflnoxin contamina:ion should be sSgniiicsnt. However since all of
the grain utilized in Newfoundland is’ imported, the environmental
conditions encountered during tl{ansperta:ion and stora‘ge, as well as
the quality of the ox‘iginal product may be more relevant to the
levels of aflatoxin or Dther mycotoxins - in Newfoundland feeds. A
snowballing effect has been "demonstrated’ in . which there ‘is an
accunulative increase in the content of mycotoxinsivith ea st‘epv. of
their Jjourney .from the field to the feed trough’‘(grain| elevator,
ua/rehnuse, _barn loft etc.) (2). s ‘suggests

truck, shipping car,

that the . greater the geographical separation between the sites of

production and consumption of a given product, the [greater. .the

on. of on

Even if a product contains

the genera in which



) %hnce.

negligible concentrations.of a toxin at the site of _production, -the
levels may have increased to biologically important concentrations by

the time.the feed is consumed in Newfoundland. In addition there is an

nbs%nce of routine testing of feeds for aflatoxin or other mycotoxins.

in land, and the of afl icosis are ific
_ . % . %
and thus not easily diagnosed. Therefore, Nevfoanlend .appears to be a

more likely target for aflatoxicosis then might be predicted at first

.- Féed aurvex "

| Before chosing & mycotoxin to etudy intensively through feeding .

trials, a preliminery survey of mycotoxins occurring in animal feeds‘

in Nevfoundland was undermken. One hundred and eleven samples of feed
including rations for poultry, cntele. and suine_fram.accross - the
province were ‘analyzed for the  presence of fourteen different
myr.eeoxins ’(zearalenone. sterigmétocyetin, roridh;‘a, T-2 toxin,
penicillic ecld, yatulin, diucetoxyscirpenol. verrucsrin A, ochratoxin
A citrinin and the four aflatoxins B-l B-2, Gl and G-2). Thirty—
seven milk samples were: also analyzed for M1, -a metabolite. of
aflatoxin B-1 that occurs in the milk . of animals fed aflatoxin
contaminated .feed. Tentative positives for aflatoxin B-1 (often ' in
combination with B-2 and G-1) were obtained from forty yerc__ené of the
feed samples tested in the initial screening process, - but none of
éhese samples vere consistently positive throughout. all of the
subsequent confirmstory tests. Only four of these. sam)lhee were

assoc%aned with adverse performance (decreaséd egg * production, feed

W



r'e‘fusal) vhich could be attribd[%hle to.aflatoxicosis. Of the thirty-
se;ven milk samples teste‘d .one positive M-1 was obtained. ~ Tentative
positives for patulin, verrucarin A, and penicillic acid.were obtained
in 6%, 87, and 17% of the feed samples respectively, while'less thin
5% of the sam;:les showed tentative positives for T-2,  zearalenone,

stergmatocytin, ~ ochratoxin  and citrinin.  Roridin A and

diacetoxyscirpenol were négative in all .samples.  Positive

identification of these toxins by comparison of sample extracts with
mycotoxin standards subjected to thin ~layer chromatography was

difficult be:ause.'of the large nunber of . standards to be run with

- each sample.’ In addition, the large number of different conponents in

the feed extracts (due to the broad specificir.y oi the ' extraction

»procédux‘e) 1nﬂuenced the colour and RE of different components of

the extract on. the chrnmatograms, msking identification by compariscug

vith individual standards unreliable. Towards the end of this survey

if . Became "apparent that the TLC methods of screening for multipld-

mycotoxins are inadequate to permit the confirmation .of specific

mycotoxins. For. large scale surveys, TLC methods have been rapidly

replaced by computerized HPLC systems which can store the HPLC pro(ile

of mycotoxin standards for future reference. "Using this system, sample

ext_racts’ are simply injecr.ed into the HPLC unit, and all ‘mycotoxins

pl’esem‘. are identified and quentitated automatically. Beceuse the
obJect of the pro_]ecr. sponsored by MRC vaé to determine the influence
of diet .on ayian mycotoxicosis, an expensive change in the methodology

of the survey could not be justified, ‘and the research was redirected




toward feeding gtudies‘ utilizing aflatoxin and poultry.

History of aflatoxin induced disease

) Afh’atm‘dcasi/s received world wide attention in 1960 when. A.
flavus »contmh\(‘e;ed peanut meal was implicated as the cause of the

mysterious 'turkey X disease' which was responsible for the deaths of

" 'at least 6,000 chicks and 12,000 ducklings in. addition to 100,000

turkeys in the United Kingdcn, The disease’was characterized by sudden

" loss of *appetite, subcutaneous haemorrhages and & high and rapid

mbrtality in young puds.' At postmorten ‘the 1ivers vere pale, fatty,
and shoued extensive biliary proliferation. Partridge and pheas‘zmt:
poull:s together with cattle,’ pigs and sheep. were also affected.’ “Almost

simultaneously, ' many trou: bred in commercial hatcheries ° in t:hP7

@

“United States p end this outbreak vas eventually

attributed to the same funsal l:oxin (3. Since 1960, numerous s:udies

have Been conducted to determine the chemical nature of these A.

«flavus toxins  and the clinical yroblems enc ntzred as a result of

their consumption. Four pajor chemically related aflatoxins designated

Bl., Gl, B2, and G2 commonly occur together in contaminated feeds and
. e F 7

gy

feedstuffs. The proportions in which these metabolites are produced

may = vary. considerably depending’ on . environmental = conditions,

particularly temperature. Aflatoxin produced in this - laboratory

consisted’ of 88% Bl, but the proportion of -Gl is reported to be
increased substantially at lower temperatures (1). ’

Structure and metabolism of aflatoxin

The aflatoxins fluoresce strongly in ultraviolet light (ca




365nm); Bl and’ B2 produce & blue f1umgs:ence whereas Gl and G2
produce a greéen fluorescence. ‘The structures of these|compounds are
shown in Fig.1. Because aflatoxin Bl is the most.prevalent as well es
the most potent of the aflatoxins, the metsbolites of aflatoxin Bl
have been studied most intensively, and will be reviewed belov. B2,
Gl. and G2. undergo most of the same ‘reactions tb produce the
corresponding B2, Gl, or G2 derivative (3. Th “geoeral the
- detoxification of xenobiotics by the liver results in the formation of

moreé polar -products which may or may not be subszquennly con u‘guted
&

wi:h amino a\:ids, glucuronic acids, sulfate ‘or bile ucirls as an aid to |
their excre:ian. Tha aflu:oxin molecyle /lends itself to

biodegradation in_at least 6 vays (3), es Lhovn in Fig. 2. Reactions ~

hwolving' the intact molecule have been ccnﬁmed by the isolation of

the neuhahtes vhich are cited as exawples.

. The pr b: ions vsry " between animals of

different species, a fact which partially explains thelwide variation

in species ibility to afl s. A number of’ dietary
factors have -been foind to influence the metabolism, |and P
veateiey of  given dose of aflatoxin. In the folloving chapters, the
influence of spe:u‘ic' dietary factors that n‘m rel ‘evant to .the
corresponding nutritional study will be discussed in more detail, The
. feeding trials exa‘m_i‘?.e the effects of supplemental ;:'hrline. folate,
v.threondne. ly\s‘ine. ,a"d lyéine plus a’rg‘inine on| chicks with
nflotoxiousis -and are referred to as ieeding uis].s 3 o 3, 4; end 5,
) resyectively. "




AFLATOXIN G1 AFLATOXIN G2




Fig. 2. Metaboliswof Aflatoxin Bl.
8) Reductive or hydrolytic attack on gthe 2,3, dowbls Bond.

Examples include the 2,3-dihydrosy, the 2-hydrexy (aleo knoin as Bla

r “heniacetal) and  2,3-epoxide ggriva':xvc's. The * 2,3-epoxide is

assumed to be an importent resctive ntermediate and hes never been

isolated- although there is good evidence of its formation. . = ' .’

\ i oa - . S
b, b‘) Hydroxylation ‘at one or more points in the molecule. Both

aflatoxu\ M1 and Q are, examples of hydroxylated derivatives (4 .
hydruxy and 22-hydroxy respectively). ’ e
c) Hydrolytic fission of Fhe ccumerin lactone.
d) -Cyclopentenone reduction. “Aflatoxin Ro, also referred to os’
aflatoxicol, results from * reduction of the 11,12 double bond.
T O-denethylation of the methoxy-coumarin structure. Aflatoxid B
%3, cidfars v thes phrolic: conpound: derdved 1 tils memers )

£) Opening of the bisfuranoid structure. :









il deﬁned 88 feeds
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Feed collection nnd storage

Fanurs- and feed manufacturers in "ewfnundland vere requested . .

to submi_t <samples of 'feedstuffs for a-&ys.is of mycotoxins
fram June 1979 to Mugust 1980. Initial contact vas made by telephore,
from a. Iist provided by Dr. A. Smith (provincial veterinarian).
Packagea centainlng an explnnatory letter, sumple subuussxon fums,
’ plnstlc bugs for sample submissinn and return nddress labe}s with
gusrenteed pustage were muiled to 511 1ndividuala who responded

- fﬂvournhle “to the 1nltin1 h nunication. ‘The

includzd three feed menufacturers, and 144 farners 1¥olved with swine,

cattle, sheep, herses, And poulery. “The Tegular subnission of unm;?

smpxes vas requested in addition to tes samples. Bies sumples vere

snciated dth feed refusal or ' undesirable. animal

performa_nce . and/or feed hbving a mouldy or othervise unusual
uiliafils ' | g
appearance . or.odeur. A tolalvof 111 feed snmples wvere submitted over’

the entire 14 month period, ‘and,35% of these were hiﬁs samples. Milk

'semplea vere obtained from sepurate connerciel deiries and

included’ samjles of Tav, whole, az, 2, skin, ‘snd chocolate milk.

wai obtained over a period of 3 months starting in November 1979.

A11 !eed , and milk samples were .stored in sealed bags or hottles at
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‘extraction of mycotoxins described by-Patterson and Roberts (4). \'This

procedure produced two separate extracts fron each feed sample, one

containing basic mycototins {ochratoxin, and citrinin) and a second

containing acidic mycotoxins (aflatoxin, zearalenone, roridin A, T-2
toxin, penicillic acid, i:a ulin, ver‘ruc_srin A, stermatocysdnl. and
_gece:oxyscirpenol‘; x A " ' :
Milk samplées uere. vexttuc:ed by.the eflatoxin M1 procedure of
Stubbletield (5). '
Thin 1* chromségraghz i
: -Afls:nxm Ml extracts of the milk samples ‘were Evaporsted to

dryness under nrogan ‘and redissolved in 100ul chloroform. Twenty ul

qliquotsA:ere develnped on’_one dimensional precoated silica gel , TLC

plates fMacherey-Nagel, ~Germany; SIL®G-25HR) in’ isopropnnol/
acstone/chloroform (2: 10: 88) and visualized under longuave UV light.
Posi:ug samples were confirmed nsing two dimensionul Tuc with the

multiplg solvent ' systems recumended Enr«ailatoxin by Patterson "and

'Rohex:s @.

All feed extracts were initially screened on one dimensional

silica gel TIC plates., An aliquot containing ‘the, various refetence

standards "was also lappued to each plate. Extracts ver'e dried undef
nitrogep \and Tedissolved 1n 100ul chloroform. Twenty ul' of the
extract containing the Yabie wjestoEtie: “vere: developed in

tolyene/ethyl acetate/90% formic scid (60:30:10) and visualized inder
0 . 1 L .
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longvave UV 1light. Twenty ul of the -extract containing acidic

mycotoxins were developed in chloroforn/acetoné ‘(90: lD) and followed

by the visualization by P ‘,.A Roberts

(4) for the general screen. To dimensionsl TLC, co-ismed with
chromatogenic derivntive forflation were used to confirm th= ‘presence

of speciﬂc mycotoxins in a smyle extract, using the solvent ~system

and visualization T by -and Roberts ' (4)

for the specific toxin.
Aflatoxin production . g k .

Aﬂ;toxin " used in this a(;udy -va[:::duced by‘ Aspergillus
paresiticus NRRL 2999 on sterile polished rice by. the method of
Shotwell et al. (6) as modified by Vest. et al. (7). However, to
prevent adhesion of the rice, the sterile rice and water were combined
(2:1, re?pe::ivnly) at 100C and the atstire s allowed to sfeam under

reduced heat until the vater was sbsorbed (ce 20 min).' After cooling,

the rice was aseptically dnto 250 a1 E: yer £lasks,
1nnculnted and incubated under the condi:luna described by V:st et al,
Tne mouldy rice was hen:ed at 100C for 3 -1n. to inactivate the fungus®
und then dried ‘and ground to a fine povder using a ballmill. The
powder was analyzed’, ‘for' total aflatoxin  content by 5 the
" spectrophotonetric method of Nabney and Nesbitt (8) as modified by
Wiseman et g,{ (9). The rice yovdel; contained aflatoxin in the

following ratio: B1:G1:B2:62 (88:9:2:1). Rice povder vas " added to the

«
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basel ration to obtsin 2.5up aflatoxin /g of feed. Rice powder added
to the feed never exceeded 0.2% of the total diet.
imal husbandry and necropsy

Day-old chicks (cockerels, Hubbard/Hubbard) were reared in wire-
floored- brooder ‘betteries (3lcm ‘X S0cm X 23cm) with constant
illuninstion st ‘s light intensity of '56 footcandles. Water vas
uvaihble from separate containers for each ccage of chicks from “the
day of hatch until termination of the experiment. The lysine plus
arginine feeding trial terminated after 26 “days while ' the ‘other
feeding trials concluded after 24 days. The basal ration consisted of
.a commercial broiler starter tution fue of all'* medlta:!ens. The
formulation and amino nci.d composition of the rations are listed in

Tables I and II, respectively. Four separate 3x3 factorial experiments

(o were completed in vhich the influence of added supplements of choline,

©

folate, threonine or lysine on aflatoxicosis in chfcks was examined.
The perticuler levels where chosen to provide' supplementation
substantially above the )RC requirement for broiler chicks and that

provided by common premixeés used by industry (Hoffman-LaRoche) and

universities (UGA), yet with care to avoid levels which could produce

toxicity. The levels of threonine, lysine and arginine supplements

were also chosen with

A

of .Auax:i‘l:J- (79,80), - which discuss the effects of snpplementatior{‘ui
these aminp acids to broiler chicks at a vurizty of _levels and

+ 8 Termination .was delayed in this izeding :rnl hecause freeze

" clamping equipment required for liver preparation by a co-worker for a

separhte project was not available on d-yva 3 -

to n p ded in the reports .




Table I. Composition of the basal ration.

i Ingredient Composition
Ground yellow corn 57.46
- Soybean: 0il meal (dehulled) 30.84
Poultry by-product meal 4.9
Fat (vegetable) 2.98 ¢
Ground limestone 1.15
Diculchnn phosphate i 1.74
Salt 0.04
Methionine (DL) 0.15
Trace mineral mixP - 0.05
Vitamin premix® o 0.25
Protein 23.0 .
) Metabolizable energyd 2 3,120 MJ/Xg
Calciumd . 1.09
Phosphorus (avlualvle)‘l 0.51
\ ¥ - -7 .
®pe 't rnlen herwise. & « 7

Superme: Feeds Einzrul Premix (International Multifoods Corp.,
Minneapolis, MinniSota) provided the folloying minerals (mg/kg of
diet): manganese 55, zinc 80, iron 80, copper 11, iodine 0.38.

=
®Vitemin premix provued the following emounts of vitamins per kg of

diet:— vitamin A,. 4,400 IU; vitemin D5, 880 ICU (International '

chicken Units, 0.025 ug of cbolacnlcifu"ol = 1 ICU); vitamin E ll
IU; rihoflavin. 4.4 mg; calcium 9.6 mg; ni

acid, 44 mg; \choline chloride 220 mg; vitamin Byp , &6.6 ug
pyridoxine hydrochloride, 2.2mg; mengdione sodium bisultite 3. 49
-mg; folic acid, '0.55 mg; D-biotin, 0.11 mg; thiamine mononitrate,
2.2 mg; ethoxyquin, 125 mg. Choline or folate were-deleted from the
premix for the corresponding studies. Vitamins were supplied by
Hoffman-La Roche Inc. (Chemical Division. Nutley, New Jersey).

Cllculur.ed ‘values ' (Nur.iunnl Research Council, 1977, Nutrien‘t
Requirements. of Poultry, 7th edition, National Academy of Science,
Hnshlngton D.C.). P g "

-~ .
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In each experiment,  one-third of the chicks received a diet.

containing 2.5ug sflatoxin/g of feed. The remaining chickens provided
two sets of controls. One group of Sonitrols ves pair—fed to the ‘Feed
intake of the birds ‘that received aflatoxin, 4.,whi_1e. the
renaining chicks were alloed to cansume feed ad 1ibitun. Each of the
three pmm} ‘treatnents was subdivided into three groups in which the
concenttation or mode of adminis:ratinn of the.supplemented vitamin. or
amino ncid vas varied,’ .In the experimenc with choline, the chicks
recieved either 'the basal ration without the “addition of cholide,
.vhich suppligd. 106%, of ' the NRC requirement of choline, .or else

& '
equivalent dosages of chaline via diet or intraperitoneal (IP)

injection . to achieve 175% of the NRC requirement of choline. In the

folate | experinent, the basal ration provided 2443 of - the NRC
requirement of folate and was supplemented to prod\lce two addltianul
diets containing folate at Concentrations of 344 and 644% of the NRC
requirem;nc. Similarly, in’ &he‘threoniy{: experinent the basal - diet
provided 126% of the NRC requirement, -and vas supplemented to produce
two . additional diets’ contaiying 155 and 179%. Tn the lysine

experiment, . the basal ration contsining 1022 of the NRC requirement

vas supplemented .to 122 and 146%. A fifth, 4x3 factorial experiment

was completed in which the, influence of concurrent dietary
administrations of lysine and'arginine were studied. Each of the three
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prinary groupe (sflatoxin, pair-fod, and ad 1ibitus controls) were
‘subdivided into four groups in which the concentrations and
sproportions of lysiné and arginine vere vnri’ed. The basal "ration
provided 102% and 94% of the NRC requirements of lysine and -arginine,
respectively. This ration was supplemented to p:o’duce three additional
‘dxecs,.concuning lysine and arginine in the following percentages of
the NRC requirement: 102% lysine and 127% arginine, 1228lysine and
122% erginine, and 146% lysine combined with 122% arginine. In ,all °
five' experiments, each experimental {reatint was given to four |
. replicate pens-of ;:hicks from the day after hatch. 'ﬁ;e pens initially
contained 6 chicks each nd were reduced to 5 chicks ach on the
seventh day® The experimental ‘treatments  ‘ere. assigned in a
completely - randonized design. . At the'termination’ of ‘the feeding
trials, a 5 ml aliquot of blood was obtained fram',‘en:h chick by
cardiac puncture usifg a syringe containinng 100 U of sodiun —
After  bleeding, the chicks were killed by cervical dislocation.
Livers-vere excised. ALl saiples were stored at -30C until analyzed
with the exce’pnon’ofjche livers from feeding -trial 5. which  were
stored at.—60C atter freeze clanping 1n>11q:1d nit.xog‘en.‘ Cy
Animal performance and bidchemical analyses ‘
_Feed intake and mortality were recorded daily, while veight gain

" was recorded daily for the first two experiments, but at ‘thrée day

intervals for ng experiments. The following biochemical
% . - B . -

®Bix chicks were initially provided/cage so that chicks lost due

< to congenital abnormalities or early'mortality could be replaced.

~

f _‘ o X .
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- paramgters were measured at the termination of the experdment: &dlcium
(10), 1inorganic phosphate (11), total irom, total iron :binding
capacity, (TIBC)  and tramsferrin iron (12), . glucose. (13),
triglyceride-glycerol (14), glycerol (bacterial lipase modification of
procedure 15, “cholesterol (16), protein (17), albumin (18), blood
urea nitrogen (BUN,19), uric acid (20), bilirubin (21), creatine (22),
alkaline phosphatsse (AP, 23), lactate dehydrogenase (LD, 24),

_ asparaté amlinné'r.ansferavse (AST, 25), elanine aminotransferase (LT,
26), sialytraisferasé and galactosyltransferase (SAL, GAL, 27).and

hepatic 1ipid (28). Hepatic moisture was determined by drying for 24h
at 110C. .

DH isozyme patterns in. various tissues; plasma and packed

_“blood ‘cells vere analyzed by” pulyacrylamlﬂe gel ve‘lectrqphoresis and _

\ i 2
stained for enzyme activity (29). ' The plasma concentrations of free-

amino acids and ninhydrin positive (NPS) were

using the supernatants from mixtures'of 0.8 ml of plasma and 0.8 ml of

2.5% sulfosalicylic acid in lithiun citrate buffer (0.15N pH2.2) using

"a Beckman 121-MB amino acid snalyzer and employing & physiological
fluid progran. The amino acid profiles of feed were also determined:
using the Beckman 121-MB from 6N hydrochloric acid digestions (in
vacuo, 110C, ,24h). The digestions for meénioning' and cyst;ine
’employed a hydrogen bramide/performic_miid oxidation prior to the
hydrochloric acid digestions (30), while the analyses for 'tyrosine®

contained 0.1% thioglycolic acid and 0.05% phenol in the hydrochloric



acid digestions (31). ~Stgna Kit No. 565 (St. Louts, Missourt) wes
= used for the iron profiles. Cholesterol, triglyceride-glycerol and !
ALT . evaluations vere: assayed with Abbott ‘Laboraftory kits (South
Pasadena, Californa).  Glycerol profiles wvere | determined with
ochringer Mannhefn Kit No. 148270 (Menmheim, West] Geimany). Except i
for SAL and GAL, the remaining blood analyses werle performed using
) the Technicon smlz/éolau:uanaiyzer.
+” Statistical enalyses 3 :
M1 performance -and biochemical results within s given feeding “_
‘trial - were . statistically evaluated by implementiing SAS software
. _packages . (Statistical Analysis System Instituter Inc., Cary, North
. Carolina) within en IBM 370/158 or AMDAHL. compiter system. The _ -
statistical procedures included evaliation for |the occurance of
interaction in the major effects as vell as analytls’ of variance,
Duncan's multiple range ‘test and the Waller-Duicen K-ratio t-test. ;
Statements .of significance are based on P<0.05. )
Data presented ‘in chaptex IIT are averages of the values i
: and standard - deviation) obtain®d” from the .chi¢ks receiving the .

{"  ,basal ration (ho supplementation)-in each of the individual feeding

tr‘ials.

. ‘
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Performance

Before one cen stuly the biochesical effects of dietary
supplements on chicks with aflatoxicosis, one must first describe the
biochemical ~changes produced by aflatoxin. This is also necessary
{n order to demonstrate that a typical aflatoxin lesion has been

p in & given

and accumulation of hepsltic lipid are videly recogni’zzd as typical
responses to ingested aflatoxin in poultry and most other species of
animals (32). The data presented n this chapter, unjess othervise
upegified‘, ur’e _the combined values obfained f_runi the, aflatoxin and
: ontrol groups receiving the b‘asul ration in t_he ig\/e ‘separate
£oedipg trials. The actual numerical values obtained in the individuol
" exparisents from vhich these figures vere derived, .are shova in App.
1-25. Fig. 3 shovs the effect of aflatoxin on performance of chicks
after 24 days of experimental treatment. Weight gain was significantly

reduced .in the pair fed controls, and further reduced by aflatoxin.

This the p: of both an and- a toxic

of this r The toxic % ( veight gain over and
R abo;e the decrease sttri'butable to the anorexic effects of aflatoiin)
vas _s'ignxfmnuy different 1n only tvo (folate, and lysine) out of
the five feeding trials, Il'ld will be digcussed h’n detail in chapter
¥ VI. A decreased rate of weight gain (Fig. 4) was starent\h? the
6-8th day in the birds receiving aflatoxin, while a decréased feed

intake was observed by the 10th day (Fig. 5).

)

1 trial. Anorexia, impaired performance



Fig. _3. Effect of eflatoxin on the performance of chicks.‘anues are

expressed as a parce}ntage of the sd ubitum . :untrol snd are:

averages of ' the datu from the aflatoxin and control groups which

received. the bus-lr ration (llu supplementatian) in'the f:.ve sepnrar_e

. feeding trials, . . .
Weight gain, § feed _ consumption, ’ uud fead conversion (feed
'consump:mn/weight gain) are impaired by afls:md.n Heighr. gain is’
- significantly reduced compared»to the ad libitum :on\'.rolls. and’ further

reduced compared to the pair-fed controls. This reductioh was

in detail-in chapter VI.

"~
A
<

significant in some feeding trials but notTin others and is discussed
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Fig. 5. Daily feed 'consumption of chiéks vith aflatoxicosis. Values

ere avetegds of the data from the aflatoxin end control group which .

received * the . basal ration (no supplementation)-in the five separate

feeding trials. - 0 o |
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experiments. The distribution of ‘aflatoxin-derived radicactivity in |

e 2%

Hepatic changes
g W . .
Hepatic veight, moisture, and 1ipid content are shown in Fig. 6.

The % lipid/g liver can be seen to have been increased by an average

of  80%, with an increase in total weight but without an increase in Z

moisture. Because the liver is considered to be the primary target
tissue of aflatoxin, the plasma l:o;n:entration of a series of hepatic
SniyiEs vels wasuletAn plAenE WS & indicapion of hepatic damage
(feeding trials 1% anly) Fig. 7 shnws ‘that of the enzymes measured,
LDH alone “was found to increpse significantly. An elevation in the
activity of ‘L!JH of  80-100% was consistent throughout all four
the rat, mink, rhesus monkey and swine shows that liver, and to @
Teddir degree kidney and hearf, are the most susceptible tissues for
macromolecular binding (33), while in poultry, perticularly in broiler
chicks, the metabolites are more widely dispersed in all body tissues
(34,35). This suggests that the heyatotoxicity of Bflatoxin “may | be

less in pculr.ry thﬁ in certain other species. Garlich et al. have

rep’rted an increase in AP in laying hens with. 20ug/g of . dietary

aflatoxin (36). In duckings, Brown and Abrams found a slight- incredse

‘in plasma levels AP, AST, and ALT after receiving'0.5ug/g of dietary

aflatoxin for 4 weeks. The elevations. p‘rogréssed to large increases in
AST and ALT at.8 weeks, whle LDH vas markedly.elevated at both t

intervals’ (37). Aflatofin has préviously been shown to cause incrfises
in plesma bilirubin, ALT, AST, ;n'd cholesterol ‘i;l goats, cattle,

rabbits (38), which are all indications of liver damage. In this
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L] .
Fig. 6. Effect of aflatuxi:cosis on hepatic veight, percent moisture, g
and percent lipid. Values are expressed as a yercen{;ge’of the . ad
Libitin control ard are averages of the data from the aflatoxin "and
control groups which received the basal Yation (no supplementation) in
the five separate fezding"t.rials, with the exception of .he‘gnt’ic weight
o vhich ‘represents’ data from fesding tetals 1-Monly. Livers from

feeding trials3 vere freeze clamped, and total liver weight was nat

measured.

“Hepatic veight ahd percent lipid afe inéreased by aflatoxicosis.

R - 4
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’

Fig. 7.  Effect of aflatoxicosis on plasna levels of selected hepatic
gnzymes. Values ‘are expressed as a percentage of ‘the ad libitum..
control and sre averages of the data from the aflatoxin and. contral
chicks which received the basal ration (no supplenentation) from three
or more separate feeding -trisls ase detailed below; Alkaline
" phosphatase, lactate dehydrogenase, and aspartate aminotransferase are
averages - from feeding trials 1-4.  Sailyltransferase ° and
Galactosyltransferase are averages of dgta from feeding trials 1-3
only. - The analyses were not completed on plasma from the

corresponding feeding trials omitted £rom the calculations, due to the

high cost of the assays relative to the amount of jleu inforntion- ome”

uould expect the assays to provide.

Only LDH'was increased significantly by aflatoxicosis.
.
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various tissues,

29

series of experiments with broiler chicks, the iulilurL of aflatoxin to

induce plasma increases in the other hepatic enzymes|

suggests thK
the plasma LDH probably originates from some tissue|other than the™.

liver. LDH activities (Table III) and - zymograms

packed blood cells,

(Fig. 8) from

and plasma shggest that the

elevated LDH activity in plasma originated from hemocytes and not from

hepatocytes. This implication is consistent with the unchanged plasma

levels of the cther hepatic efzynes, as well as a previous report that

the fragility of .red blood ce\lis increases with aflatbxicosis (39.40‘%

The numbers’ of the various types of leucocytes, which contain about SO L

fold higher level of LDH than erythrocyes, or thrombocytes (41) are '

markedly wltered by aflatoxicosis and thus may contribute to the rise

in plasma LDH.

Clinical parameters -

v

To establish a clinical picture of the aflatoxif lesion, a series

of standard clinical analyses were measured in plasmg as shown in Fig.

9. Q’ﬁe analyses selected were those which can be obtgined rep}dly by a

N «
single administration of ,a plasma sample to a

autoanalyzer (available in the clinical laboratory

tandard clinical

f any . hospital).

It was _hoped that a distinct pattgrn or "biochemical fingerprint"

could be determined for aflatoxicosis which could
distinguish aflatoxicosis from other syndromes in c

operations. This fingerprint would also provide a m

the effects the dietary supplements on the clinical status ~of the

chicks. BUN, and totsl bilirubin concentrations in

to increase ingresponse to “aflatoxifi, with no change

hem be -used to

moercial poultry

plasna vere found

in plasma giucose

ans of monitoring




Table IIT. Effect of aflatoxin on LDH activities in various

tissues.
Aflatoxin  Pair-fed Ad 1ibitwn
n.'_,.,e - ' Protein (mg/g or ml)
Liver . 80 6. 78
RBC 161 b s 166
Plasna R 2 25 2%
LDH activity (rate/g or mi)_ - ’
Liver 129 456 “ 437 -
RBC ' 19 25 Co29
Plasma i0.64 0.46 0,41 i
LDH specific activity (rate/mg protein :
Liver 1.60 ' 6.76 5.64
RBC - 0.8 017~ 017 .
Plasma 0.055 0.019 0.017

" LDH nctiviflu vere :llculated frcm linear kinetic duta using
several incremental aliquots- of each mple. Samples were pooled
from forty or more 1nd1v1dual animals.

) Rate ‘ =  absorbance at 369 nm } pinute, or umolés pyruvate

reduced / minute. e
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Fig. 8. Comparison of LDH isozyme patterns from various tissues.
Anaerobic  tissues (skeletal muscle, liver) . predoninantly
synthesize the. polypeptide chain A which is more efficient under
anaerobi® conditions, -while-aerobic tissues (heart, REC) predominantly
synthesize chain B which'is more efficient under aeroblc conditions.
Each jeozyne (1-5) is & tetramer, formed from a combfrstion of the two <
different . monomers 4n a1l possible combinations, with LDi-1 .formed
fron four B nogomers), and LIH-5 fron. four A mononers. e B
Fig. 8. shous that liver contains predoninantly isozynes 3, b
and 5, while RBC contains predoninantly 2, and 3. Likewise, plasns’
contains predominantly isozymés 2 and” 3. No increase in isozymes 3, &,--
end 5 is npparent in the plasmé of the birds receiving aflatoxin as
would be expected 1£ the increased ylasmn LDH was of hepatic origin.
Two bands were obtained fxfam the plasma oi t}g birds receiving

afiatoxin due to leskage of the . sample from the well in which it was

applied into en adjacent vell at tl'_le’ origin. 7
;
¥ g W " ’ ‘
-~ \
E B i}
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Fig. 9. Effect of aflatokicisis on’the ‘clinical biochemistry of -

chicks. Values are expressed gs.a percentage of the ad libitun control

and .are averages of data from chicks which_received the basal ration

(no supplementation) in feeding trials 1-4. The screen for clinical

. parameters was not completed on plasma from feeding trial 5.

¥ . g
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and triglyceride concen:raHon, while the uric’acid,. total protein, '

albunin, globulin, albumin/globulin ratio, cholesterdl, calcium,

inorganic phosphate, total iron, total iron binding capacity, and

percent transferin ons decreaged. Bljdnd .total
huuuhf\-@ not _present in’sufficient concentrations to permit

relinble quantituuon. although there appeared to Re an elevation in

these®compounds. the findings for calcium, total protein, and glucose

are consistent with fhe responses reported . in -the literature

(37,39,42) ' while the decrease in total iron and TIBC ' su;;pnr[s _the

Y observation .by. Lanza ;_tgl_ -that _afla'toxin reduces ';ran‘ absorption
" | (43). The suppiession im albunin, globulin, and 41bunin/globulin ratio

has &lso been reported to occur in duckings,and laying' hens @37).

Other  hepatotoxins ususlly: i.duce an dncrease in the globuiin

' obgained vith afldcoxin may be of dlagnostic significence.

The sup]‘)ressik

- , ' .
LDH, s profile tha#is typical of malabsorption syndromes (44).

Osborne 'and Hamilton have shown that ' aila[oxicosis lovers the.

on of bile te (45) and decteases the " orndtion of

<
/ pancreatic lipase (46), thereby impuiting the digestion and nbsorp:ion

fraction, and therefore the electrophoretic pattern of plasma proteins

total protein, albumin, total irom, and cholésterol, but yith elevated

in plasma concentration of - calcium, phosphorus,

of 11plda, and Yipid soluble vitsdins. This relationship between

" aflatoxin ;and malabsorption will be discussed in- more détail in

ER chapter IV. B

Plasme free-amino acids =

Plasma amino acid response tp ‘aflatoxin was also \manltoud} An,




‘earlier study reported that aflatoxin (1.25wr 2.5ug/g. of diet), 4

» o~
reduced the concentrations of all amino acids in plasma of ’broile! .

chicks (Cobb/Cobb). However, the protocol for the previous eming acid

deterninations involved hydrochloric acid hjdrolsis of supernatants '

. obtained from mixtures of sulfosalicylic acid and plasma (47). The

‘acid hydrolysis was necessary|since a nom-physiological amino acid
program wvas employed. As a résult,} the values which were obtained
. ; : ]
included ' free-amino acids, conjugates, “peptides, snd proteins not

pfecipim‘ted by sulfosalicylic acid. ’D\e’anfina aci profiles reported

in this study’ wvere determined using s physiological program, and -

represent frgg-iminq aciil costents: Certain amino acids or "amino acid
ratios respn‘nded “to Fflatoxin in a remarkably consistent \fashion .
thraughout‘the‘ﬂve experiments, and are shown in Fig. 10. . Data fu;‘
all, other amino acids gnd n.snhyd}in positive thstan:es shoved a non
specific or variable rekponse to aflatoxin and are shown in App. Zi—
25.- . - g 3

Elevated, phenylalanine and tyrosine, - without &n increase 12
tryptop)‘\nn. but with a reduction in branched chain amino acids (BCAA
1h plasua has been reported by several suthors as a result of ‘impaired
liver function, This had been rationdlized by the ~fact that the
aronatic emino acids (AAA) are metabolized in the liver, while ' the
BCM, are metaboilzed mainly in the muscle. 4Ah are  precursors to
various neurotransmitters, and con}pggé with the BCAA for entry through
the blood-brain barrier. Changes' in the AAA/BCAA ratio’ have been

implicated 1!\\\'|:he initiation . of-hepatic coma vhich\is ar.tually‘



v

Fig. 10. Effect of aflatoxicosis on the plasma concentrations of
selected amino acids. 'Values are expressed as a percent change of, the
ad libitum control and are averages of the data from the chicks which

received the basal ration (mo supplementation) in the five scparate -

feeding trials.
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reversible by 1r'\fusion of BCAA (48,49). 7 s
In the data presented in this report, the rati:z of the sum of the

BCAA, leucine, isoleucine, and valine, to the AMA, phenylalanihe, and
tyrosine,was reduced from 2.33 and 2.28 in the plasma of the'ad
libitun and peir fed controls respectively, to 1,27 in the aflatoxin
groups. The decreased BCAA/AAA ratio vas due primerily to >th;e elevated |
plasna levels of AM, and wes very likely attributable to.an aflatoxin ¢
induced impairment of*hepatic funftion. A possi_\bl? consequence o.f 'this .
altered ratio is that the competitive dction'of the branched chain

_ ming gcids on cerebral uptake-of aromati¢ amino acids’ would .be,
reduced '(50). High levels of phenylalanine in plasna have been shotn
to ratbe  cerebral levels of .phenylalentne suffictently.” to

ad 'cumpeti:?.vély inhibit * neural tyrosine hydroxylase (51), and ‘thus L

pp the hesis  of . lemines,  wvhile - p g the
\syntiiesis of false neurot}ansmﬂ:ters (ea. octopanine, gnd
! phenylethanolemine), as is gbserved in hepatic insufficiency (52)..
Increased brain’ tryptophan would result in ' enhanced synthesis of
serotonin '(53). Although® plasma tryptophan wes mot - increased,
elevations in brain fryptophan have begn observed in hepatic :yndmme's
(with no increase in plasma.. tryptophan). (48,49). Since serotonin -
- . containing neurons are associated with suppressed ) beha»ior, while
l.leur:ns conta'inj_.ng cntacholgm;’é\are associated with aro;ﬁnl, the
qbserved changes in BC “ratios may be related'to the behavioral
chapges ‘such as anorexia. The ratio of tyrosine to phenylalanine (T/P)
vas also’ uduce}{fmm 1.28"and 1,33 in the ad libitun and pair fed

controls respectively to 0.92 in the aflatgxin treatments, Anderson

A

L Tt
N :




2 v s
has demonstrated that a correlation exists between a suppression in

the T/P rur..io and a decrease in feed intake (54). The 28% decrease in
the T/P ratio 1n our data would be predicted tn' induce the 20%
depression in feed intake observed in ) the ailstoxin _groups by applying
Andersnn s model.

Taurine, which yas aléo elevated in response to aflstoxin, isa
comp;ﬁent of the bile' salt, taurocholic acid. Conjugation with
taurocholic acid represents a n;ajor route for the excretion of
aflatoxin ‘gnd its 'metabolites in the i:hiékeﬁ (34) and many ot‘her» .
species (55). Dietary aflatoxin has .been shown to ‘-teduce the
conceniration of bile salts in-the bile, to but increase the voluse of
¥ile present in the gall bladder (AS).

Elevated plasma levels of amn{ani.a, glutamine, .and perhaps BUN
suggest 'a decreased sbility to exerete nitrogen and/or an increased
catabolism of protein. or, ol;her nitrogenous compounds. Although
‘excrétion of bl\;ltrog'e'n as urea ?s a minor pathway in the‘ chicken, the
decreased plasma concentration of uric acid together with the elevated
argininé, and ornithine, (urea :y:lé internediates) and perhaps BUN,
suggests an increased importance of urea productien in the  excretion
of nitrogen dm'ing aflutaxicosis. This observation will be discussed
in detail in Chapter V. Changes 1‘n\' plssma amino acid concentrations
can have numerous physiological effects which will be discussed in
more detail in Chaptex_'s V& VI, Some\ai the symptoms of aflatoxicosis

ma§ be directly attributable td - these ‘plasma abnormalities.
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Introduction

- A major aspect of aflatoxicosis in livestock involves the
nutritional status of the affected animal (47,56). Aflatoxin interacts
with protein, lipid, and vitamin metabolism, and also incresses most -
nutritionsl requiréments ~ (35,5A). Concentrations of thiamine,
riboflavin, vitsmin B6, pantcthenate, niacin, biotin and choline

- .
decrease in the plasma, bile and l\’ of chicks fed aflatoxin

contaminated feed. Only the on of folate in

plasma and bile (47). Dosages of aflatoxin too low t:m inhibit the
growth of chicks influence 1ipid. synthesis and transport (55)". Low
dosages of aflatoxin also diminish the concentration of bile secreted
“and pancreatic . lipase activityis decreased if, prol;ortiém to .the::
dosag‘e ‘of aflatoxin. The;= two factors combine éo prm;hfce steator'r_hes,

a result of impaired digestion and dbsofption of lipophilic substances
including the np{d soluable vitamins (45,46). The reduction in bile
salts, which inhibit the growth of Gram vposi:tive ‘bacteria, along with
the alteration in the secretion of digestive enzymes, mey result in
the development of an atypical intestinal microflora (59) as well as
hinder nutrient digestion or absorption. This suggestion is consistent
with the' obsérvation that the adninistration.of antibiotics,
especially  vitemin-antibiotic combimations  to poultry ) with

_ aflatoxicosis will impréve feed conversion, weight gain, and mortality,
(56,60). These factors, together with aflatoxin induced anorexia,.
‘coul‘d be expected to ptodlice‘ nutrit}onal deﬁci‘encies chnt} may be
responsive to diet-ry therapy. i )

A variety-of vitamin and nutrient supplements or deficiencies have
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been reported to }nrerac: with aflatoxicosis. Isrcaloric diets
formlated -on a constant calorie/protein ratio and high in 1ipid,
provide a mortality sparing effect independent of Ee degree of
saturation, but if the lipid also contains a high level:‘ of unsaturated
fatty acids, there is also a significant growth pmm}.g effect %60).
Dietary supplementation with vitamin B6 improves.fe'ed } conversion of
chicks with -aflatoxicosis but increased antothenate has no effect
| funpublished results, Voigt, Wyatt, and *yus). Supplemental choline
~combined with -B12 provides as protective \effect to' qusil with
aflatoxicosis (61). Distary deficiency of thismine, or suprlenentatiin
with folic acid conbined with vitduin 36 and vitanin D have been
reported” to offer mediation to poultsy consuning aflatoxin (56,,42).
In eddition, diets marginally deficient in choline, methionine, and
folic acid enhances Nepatocarcinogenosis and depress . hepatic mixed-
function oxidase activities in Tats fed aflatoxin Bl (62), while folic
“acid added to swine rations containing mouldy corn has been reported
to improve growth and feed conversion (63).
" They obect of ‘the £irdt two feeding trials was to evalulate the
. influence of dietsry folate or dietary and intraperitoneal -(IP)
. choline on the aﬂatoxin lesion. Choline was selected n) be evaluuted
as a mediative agea:.far aflatoxicosis for the following reasons: (a)
to determine if aflatoxicosis induces a nutritional deficiency of

N .
choline, since low levels of - choune occur in plesma during

' aflatoxicosis (47). (b) to verify repor:s of yosdﬂve effecfu{» rom'

administration of varfous choline dietary s
. L )
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(61,62), and (c) to determine if tie fatty liver syndrome induced by
aflatoxicosis can be attributed to’a deficiency “of choline, since
choline deﬁc;ency will also-induce fsn:.y liver (32). Choline was
adoinistreted via %P injections, as well as through the diet, in an
attempt to minin:iu the effects of any aflatoxin induced reduction in

intestinal absorption of - choline, although the enteroMepatic

circulation of bile prevents the total bypass of any effects,

attributable to malabsorption. .
‘Like choline, folate functions in ‘the nologicNea‘cuons
involving “the transfer of Sizlgle ‘carhnn\ﬁnits and 1s 'also a‘
lipotrophic factor. Similarities between the metabolic effects of
folate deficiency, and aflatéxicosis suggested exploring e dietary

trisl with folate, ie. folacip is Tequired for hepopoises, hemostisis,

and immune responsés, all of which are affected by aflatoxin (65,66).

Folite is also. the only vitamin which is excreted at higher
concentrations in the bile during anasoxicosis (47). /

Effects of choline on performance

The ;effect of dietary and IP cholifie supplements on -the
perfornance of chicks is shows in Table IV. Choline supplied in the

diet, but not when given via IP injections, resulted in a 16%'increase

in the weights of birds stressed by aflatoxin or by pair-feeding, but -
s only provided an 8% increase in the sd ' libitum controls, Dietary

. choline also produced an 11% increase in feed intake in' the ad libitum
; . F

controls, but no sighificant incresse in the feed intake. of the

aflatoxin group. Supplemental choline is clearly not mediating the

- 3 ~

~
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Teble IV. Bffect of dietary and IP choline supplepents on the

performance of chicks with aflatoxicosis.
i

-

Aflatoxin
Pair-fed

. Ad libitum

Aflatoxin

Pair-fed

Ad libitin -

Aflatoxin

Pair-fed

Ad 1libitun
—~

Suppl al choline "-

aQ bIP b Plet

Weight Gain (g)

saiz2d  dsowzd 603+44EC

530434D 499+25D 6162+458C =

638360BC. . 5871360 6894334 .
" Feed Intake(g) e

stinsbn ' 7284610DE 8344988C

T 796467CDEe - 7IONZ3E '+ 792482CDE

928+65AB 875+78BC 1029+83A

Feed Conversion (Feed intake/weight gain)

"1.7340.24 1.6640.24 1.4940.14B
-

"’
1.6340.1AB . 1.55+0.1AB . 1.38+0.1B

1.5630.14B \1.60i0.14B  1.9040.2AB

Values (mean and standard deviations) for a_parameter followed’by the

same letter are not significantly different at P<0.Q5. Evaluation for

the océurancé of interaction’ in'the major effects is provided in .

- Appendix Tables la-3a.

Q_‘ No supplemental choline. - .
. Aduinistrati¥iy, to achieve 175% ofthe NRC requirement (1977) of

choline (basal ration provides 10_61)'.‘




. constituents in plas:

anorexic effects of aflatoxin, however the analysis of the effects of
choline on aflatoxin toxicity ig made difficult by the control
to choline 1 The 1062 of the requirement of

choline suggested by the NRC vhich was provided in the basal dl.etw was

not sufficient to provide maximal growth. This suggests that the NRC

requirements for choline should be revised.

Effect of choline on hegauc 1ip1d, . and on selected biochemical

"The data on hepatic lipid conlem'. in Table V. indicates that
dietary choline signifj.can:ly decreased hepatic lipid in the aflatoxin

group, .but not in ‘either control group,. while IP c¢holine "had no
"

effect. As feed intAie vas actually ncreased by dietary choline in.

the aflatoxin group, the decreased hepstic lipi;l suggests. a moderation
of the toxic effects of uflutoxin. )

Table VI compares the effect of IP ‘and dietary choline

supplements.-on the % change in selected plasma constituents .beween

-thé -aflatoxin and the pair fed controls. In all cases IP choliné

reduced the effect B aflatoxin, while dietary choline had little or
no effect. ¢ »

Similarly, IP choline reduced the effect of aflatoxin (see Table

VIL.) on glutamine, lysine, threonine, citrulline, ornithine,s and

tryptophan, while dietary choline n/ad little or no effect.’ Arginine,

tymsine, phenyla]snlne, and 'serina were not affected by either

cuxaplement, while th?} :increase in taurine was -reducéd by injected

r.hcl.ine_ and further reduced by dietery choline. The tendency . for

choline, particularly IP choline; to ncr‘mulize the plasma’ levels .
Y £ P .
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Table V. Effect of dietary and IP choline on hepatic lipid / .
v , » >
. content. o " L
= = 4
' . Hepatic 1ipid ( ). .
. . . A a 1p & Dietary
i Treatment chal& choline choline
) . ' Aflatoxin  31.4+°4.2A  32.14 4.2h  27.5+ 3.6B
T " Pair-fed  12.9+ 2.0 14.3+.2.8C 12,5+ 1.1C -
. ~
Ad libitum 14.0+ 2.1C 144+ 1.4C "14.9+ 1.1C . )
] - % 3 -, S
- - .
Values (meant standafd deviations) for a parameter followed - by the

same letter are not significantly different at P<0.05.° Evaluation for
the occurance of interaction in the iajor effects . is pro;lid'ed in
Appendix Table: 16a.

o . 0 .
@ Administration > to achieve 175%Z of the NRC requirement
. 3

" + & (1977) of choline (bagal ration provides 106%). < o
. . : - o
. ¥ B - . ) . % ’
o % . ]
) = 2 . .
» ¢ ‘
g '
. B .
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Table VI. Effect of dietaty and og chol:lne on the percent: change
nf salected plasma r.onsdtuenta between the chicks xeceiving

allntnxin and the pair-fed cohtrals »

X\ - -\ Aflafoxicosis vs. pair-feeding (% change)

. ~ LR b rp ® Dietary : )
= ", ¢ - choline  choline .. choline ~ "
o oS - - e - .
. Calcium . s -21 % 6% . »
< .o By oF . : N .
. Phosphorus - -18 * . =2 &
Cholestersl - = . -57 %" =52.% % 6 *
. Total protein =57 % L 29 % . =57 %
L4 d . ~ e g . . o ;
iTotal transferin iron . =32 * -8 * taag w e _“ g me
oy p 0 s B 4 \ <
- . LDH ‘- 473 % Ne e

s . ) ) 5 B

® No supplemental choline

Adninismbion—meh&eve- 175%.of .the NRC requirenent 1977) of :
choline (basul rntion pravides 106%). F i 8 o

- 4 . . * Percent change ([plusm! constituent]- 1A chicks reeiving anatoxtn /
_.[plasma, conuu:usnt] 1n pair-fed control chxcks ;& 100) is .fgniﬂcant

.at’ P¢0.05

le. Thu:oncenuation of :harngen pllsxﬂ ognstituent in

chicks rél eivins aflatoxin is signiﬁcuntly difierem: ut P(O 05 from

il 88 - :he sanme ,plnsm !onutttuenr. in the pgir-fé& controls, 'Rav dutu and "

ERY '» av-lu.r.ion for the &g’&)um:mn in the* mjur eff:cts. is /
= prwlde( in Appendix 17 and 17g raspectivaly. & .

-
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. * 'Table VIL. Effect of dietary and IP choline an the percent change
of. selected plasma amino acids between the %chicks receiving ) »
1 .
- . aflatoxin and ghe pair-fed contjols. %
¥ ey ¥

" %

' 7 Aflatoxicosis vs. pair-feedin, seedleed Ry ot
: 20 DIETA
% + - Glutamine L Ha2 }-78‘ X
g - - Lysine ) -4 31 * . .
° threontne . - a2 a2 N
u‘:ru'mna ' “14.. - . 413 %0 o d i
" ornithine . 0% Camow a0 i
L arginine o aTLA 485 sige s ' ’
.. tyrosne : 463 % as3e 30w ) 4
C pig;nyiaigqin'e P _+1t_'>7",' F71 % 4202 % ' - o
SE el tepraban . e .42 B .
Lo v " e ot
sergis - - abe e 8
) © cystathiontne W20 B 33X 414 . 5
. v is S 41538 407 -7 ;" o

Hn unyplemenml chollne. - L
»w .'Vb.Administrauon to achieve 175% of the NRC requirement o’
" of choline (basel ration provides 106%).
I Pm{nt change ([plnsma\gnsmuen:] in thg ailntoxln :hi:ku/-[sume
* constituent] in ‘pair-fed controls X 100) 1s significant at P<O. os. de,

The concenuatim of the giv,um lumu constituanc in chick- recetving

aﬂatoxin is signlthantly diﬁerenr. from r.he pnir-t‘ed :un!rcls. e \
i f i b A
~ = .
N ; . P ¥ (
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of amino acids end other plasma constituents, suggests that nutrient

absorption was improved by choline, pérhaps by stimulating bile salt
formation. The choline induced .decreased in taurine is in agreement
) ced .

with increased tau_rochpuc acid production.

Effects of folate °

» Data on the effect of supplemental folate on the performance and
hepatic 1481 contank of chicks vith aflatoxicosis are shown in Tables
“VIII and IX. Folnte shoved no protective action against aflatoxin.
Simila}ly. folate supplementation had no signifi:ant effect on the
plasma concentrations of the ‘clinical pnrameters and amino acids

measure¢ (App. 18 and 22). However. it isdinteresting to note \:hat it
;

did produce a-significant increase in 10 different amino acids ( Table

X) in the pair-fed controlswhich did not occur  in the .aflstoxin
birds, It is known that certain anci‘himcs,, and hormones 6f similar
structure to\uflu:oxin, adversely "affect the activity of folate.

Perhaps a(latoxin hes a similﬁr effect. . /
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Table VIII. Effect of supplemental folate on the performance o\

-
chicks with aflatoxicosis. b
- Supplenental folate (% of NRC distary requirement)
T 344 o4t
e \ Weight };m..gg/) b
' Mlatoxin 435424EF 474421E 412412F
Pair-fed . 517419D . 564+65C ss2445CD x| .
Ad Libitun 6734154 5834138C 6174228
L . Feed fntake (g)
& Aflptoxin I 88L473CD " 8344320 ./Lﬂfsc ' oo
Pair-fed + ' 88457CD ~ . 831+38D 920459C
Ad libitw 1096448B O nTassar Tzozie_:u
) ’ Feed conversion.(g) *
" Aflatoxin 2.2310.38 1.9140.200  2.4840.34.
Patr-fed 1.8440.7D 1.5940.28  1.7940.1E
- C. A4 libiwm e 172:0.00E 2.1540.2B - 2.0740.1C | “J
N By . Y
Values (mesn 4» standat % aLions)‘ fu‘r a parameter iollove‘d by\ ’

the same 1etter are not s!gnificantly diffcunt at P.go OS. Evaluation
for the occurance of interaction in the major effects is pmvidedl in .

(> Aypendix Tables 4:-65. 5 i
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Table IX. Effect of supplemental folate on hepatic lipid.
- Hepatic {ipid (% dry weight basis)

Supplenental dglate (2 NRC dietary requirément)

Treatnent 4 344 o gut
1 R " -
Mlagoxin Wi 1h  28.942.8A 28.242.44
Patr-fod . - ww 15.943.28C - 17.541.1B _  15.341.28C
Ad libitun. 1614126 14.2418C 13.941.4C
e =, : !

Values (meant standard'deviations) for a parameter followed” by

for the occurance of interaction in the major effects is provided in

Appendix Table 16a.

 the game letfer are not significantly different at P<0.05. Evaluation
he; - :

I
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Table X. Percent clange ,of selected plasma amind acids in

chicks receiving & xsf increase in diethry folate.

50

Asparagine
Threonine‘
Serine
_Giutmine
Pl"oline
Glycine
Alanine Al
¢ Valine

Methionine

Histidine
[
0

Basal vs. supplemental folate (X change)

Aflatoxin Pair-fed
-

R . g
-9 +20%
+10 +37%

- +4 M}'

+18%

, +25%
-6 +24%

p Lr i3 +16%
»58 =B [ 2
+11

v

* Percent change ([plasma amino acid] in chicks receiving supplemental

folate /

100)°,4s significant at P<0.0S.

[plasma amino s'cid]\in chicks receiving the basal ration X

ie The plasma l:oncéntration of ‘the

=
given amino acid in plasma of the chicks receiving supplemen:ul folate

is signiﬁcsntly

amino acid in chicks receiving the haaal -rnion.
evaluation ® for the occurance of lntera:cion in the majnr effects

" provides in A‘pyendtx Tajt 22 and 228 respectively.

3
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Introduction. P

As a result of its toxic and carcinégenic effects, aflatoxin has

caused severe economic losses to the animal industries.  Poultry are

. S
susceptible to the acute foxicity of aflatoxin, but’ resistent to its

carcinogenic effects. The level of in vivo binding of metabolites of

aflatoxin Bl to DNA appears to reflect the susceptibility of a species

to the carcinogenic action of the toxin, while the'level of protein

binding reflects susceptibility to the acutely, taxic action of
aflu:oxin Bl (67). Acute :uxici:y in poultry is characterized by poor
performance (de:reased feed corisumption, ~ weight gnin. and feed
conversion 68,69), accumilation of fat ‘in the liver) (70), impaired
prote:;.n Bynthe.si; (71), and increased susceptibilfty to infection
(72). ¥ R \ w

‘Dats presented in Chapter III has shéwn that abnormel - plasma
concentrations: of certain amino acids.or 'emino acid ratios' are
Jonsistently induced:%y administration of 2,5 ug'ufl:r.,oxill/g diet

to Hubbard/Hubbard broiler chicks for % days, "These changes included
2 t

mrked elevatigh'of plasma phenylelenine, tyrosine,: arginihe, and

tauxine‘ ‘while 1yjs£ne/ ﬁnd threonine doncentrations were reduced.
Deficiencies, excesaes and-imbslances of amino ncids can lead to
simil?r changes in plasma free amino acids (73) And, 1like sflatoxim,

may cause a maxked reduction in feed consumption and weight gain (74).

A rise Lv;plasma phenylalanine roughly equlvalem; to that 1nduced

by dietary, sflutoxin has hean reported to result in 1inpaired proteln

synthesis and a decrease in sntibody response. (75,76). Accumulation

of fat in the. liver has also been reforted to result’ from
o .

.. . s e
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yarious " plasma smino acid imbalances(77,78). If the effects of
aflatoxin are ;e1a:eg in part or in whole to_these abnormal amino acid
levels, the symptoms should be relieved if these concentrations could
& be normalized through appropriate dietary amino acid supplementation. =
. " Feeding trials 3 and 4 studied thegffects of increasing increments of
threonine or lysihe on the performance and clinical biockemistry of
chicks vi\h aflatoxicosts. - .
L o Lys.ine and threonine were chosen because , of the low
cenceniratléns of these n\minu acids in the plasma, and also because of
the. elevated levefs'cf pldsma arginine observed in the birds suffering
from ‘aflatoxicosis. Lysine conpetes with arginine for reabsorption in
the renal tubules, ond ths en excessive dietary intake of Iysine can
. cause reduced nrginine retention. In’ addition, lysine markedly
increases renal arginase dctivity, thus stimulating the degi‘adatien’»of_
erginine to ornithine and urea (79,80). In ‘contrast, threonine
: inhibits this renc:ion (80). ) N
The resulting st i oratisas, productior’ might ‘also be

expected to effect the symptoms of aflstoxicosis. Chickens do not.

reutuiza ornithine for urea ytoducf_ion as do ureatilic animals (Fig.
1). - Instead " ornithine. i - available - to perticipate . 'in
e | de:oxiﬁcauo{ through :enjugation with a vapiety of xenobiotics, most

numﬁy benzoic acid. Ornithuric actd (d1benzoylornithine) e major™

detox!;fifation product in birds, .snakes, "and lizards, largely
“replséing the glycine conjugste hippuric actd which i, excreted by
iy . mammals (81,82): Daily benzoic ncif

G » .

o
administra:io{“hu been observed

< %g i . -




N Fig. 11
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Role of ornithine in the formation of

nucleophiles bJ . ~
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; ~
to increase urea nitrogen from 1% to 9% of the total, 'nitrogen

- ~ y
“excreted by chickens. This rise in urea production was used to

indicate the operation . of the ornithine. detoxification mechanism

* (82,83). Data presented in Chapter IIT shwing an aflatoxin  induced

inorease in plasma levels of smonis, glutanjne, possibly BUN, and th{
urea cyclg intermedistes. “together with . a. decre_ased plasma
:once‘ntrut,ian of uric acid, suggests a similar in:reas‘ed excretion of
nitrogen as ures in xesp-opse to daily aflstorin sdninistration, and

thus suggests j similer reliance on the ornithine detoxification

mechanisn.

In sddition; ornithine, together with lysine and gethfonine, is '

a precursor of the " polyamines (putrescine, s_perm'idvine, Bpetdine,

' end cadeverine), Polyemines are also kriown to be excreted ‘bound to

such compoumzs as.plant alkaloids, anti‘biotics{ of mic.rol?.isl nature,
sl verlovs carboxylic - acids »(84). If these . highly “npcleophilic
compounds fadligate the ~excretion of aflatoxin ‘.ur_ its metabolites
through the formation of conjugates, .the_n changes in the plasma
concentrations of these compounds could bé “expccr_‘ed to effect the
performance of chicks with uflatoxicosis.’Hztnht;lités of aflatoxin aré
kiown to be excre;ed in Abile and urir;e as con‘jugeies of c9mpogmds

such ss’ taurine, and glucurondc scid (34,55). The metabolism of

aflatosin Bl by chicken liver microsomés hes been reported to result

almost exclusively “in‘the formation,of the- 2,3=dihydroxy-2,3-dihydro=

aflatostn Bl (DHD-B1) . netabolite of aflatoxin Bl (pgeviously

misidentified ‘as the B2a or hemiacetyl  derivative), vhich binds

ex:ensively to mil{somnl protein at meutral pH_(85). Protein blnding




" gain o, feed conversion in the’ birds

1 has also been observed in vivo Wth up to 63Z of a glven dose
of aflatoxin reported to be concentrated in the musgle protein in
broiler chicks (35), compared to 0.8% in piglets (33). It has been
sssumed that the disldehydic ‘phenclate’ ion of sflatoxdn  Bl-dhd
forms at physiological ‘pH, and reacts vith the primary siine

groups of proteins to fornm s Schiff base (85). This. same mechanisp.

could apply to the fomahon of ABDl-dnd conjibeths WEth. the amine

groups’ of, free lysine, ornlthine. »Brginine, “andfor the polyamines. |

o4 This the, oppusing effem of lysine nnd chzeonsnz oh the productlnn o,f

'_ these tvu amino ecids a8 dietury Fupu emen s co(:om(une uith diemy

T waigh: geins. ieed conversion, md feed :Lm:ake, are g!.ven 1n Tables' XI

and XI1 and XIIT respéctively. ' Lysine prudnced an increase in’ . weight

T ofl 4

vhich vas not obuerved in the pair-fed controlu. Feed 1ntnke decreused

in the controls, but resained \maffected in che aﬂatuxin tran:ments.

;(n centxg;t.- & threonine iail:d ‘to prud\lce ;he hnneﬁciul eff:ct ‘on the i

Dbody welght- feed: conversion. and - feed intaka in- the ufl!tnxln roup, -

vh!ch 18 observed 1n :he conuuls..

IT, plasse Arginina éoncentration s ss"

trgrease dramstically: in respgn,se ‘to: &flatoxin, wi\ila yl_ﬁ lyw\e




Table

. flnsl wedght of chickd with aflatoxicosis.

XI. Effect ofgraded levels of lysine or eSisnneon. s

\ k'

.-

Final-Weight (g)

. -

P
Aflatoxin

Pair—@li

Dietary -supplement JAd 1ibitum
(% NKC r. ) L
* s SN
- 102 367432F 4614330 S4s447B
" Lysine’ (122 < GIL425DE . G461130D * ", 5B6£22A "
‘146 4024208F 4ugr11C 56218
) . o W LI -
P12 504424EF 527455DEF 6204398C _
“Threonine. 150 ° (4B6HMIF ¢ - SATHITDE « . 628428,
175 ° SI9436EF  STHSOCD, - 729+40A

the' same lstter sre not signmcamiy different at. P<0.05,-

in ‘ major, - :

Evaluation f or

the ccccurunce of ﬂintersction

"Values (means + standard deviatmns),ﬁr & parameter £olloved hy

effects 1s provided in Appendix Tables Je and 10a.
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‘,comﬂﬂ‘ioﬂ Jof chicks \d.:h uflu&axicosh. y
<

‘
] ' " Feed Con'vetuion (feed ?nuk’e/ve;gim gain)
Dietary ‘Supplement. ~ Affhtoxfn - Pair Fed :: . Adekibitun
P (% NRC requisement) . i T
- gt b ey i, é.:ss‘go.)iA ©1.9430.178" o 2:0740.14CDE

=¥ i.zﬁoem“ 2.0340,06DE zm-o 30800 _

L3
S © Jo T e e d &
L L1220 0 1.8440,13ABC 41.65:0.07C-F  1.7240.15B-E
. VU “Tiiceontnd 150 . 1.9040.14A ' 176140.06DEF  1.7340.04BCD

1757 07 1.7940.134BC  1.5040.08F, . 1.5740,08EF
s - ' ity

. Values . (meuns + standard devintiuns)n}r\ param‘eter followed by

L.
" the  same’ letter are not signiﬁcantly difierent ,Q P<0,05.

Evaluar.iun £or v;he o:curnnce of interaction in the major szecr.e
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X . Feed intake (g) ”
Dietary Aupplement - Afh&x \As libitum

(% NRC reguiremepr.) il A 7
: - "
. 102 8394610 .7 1050:22B
Ljsine - 122§ |, - 8w, 11804694
C e -~ - 8214560 " ea13TC
, L ] R
\-\’ 122 1 8641918 1004674
- N 4 .
Threonine 150 8534688 10294434 *
: : ; it 2 .
2y 86341138 . 1osa79A ¥ -
e DO N .
AR e
. -

Values (meanu standard deviations) for a pnrameter {ollowed by .

. the same lettes. dre not - significantly different at P<0.05.
v N “Evaiuvation foy the occurapte of interaction in the major effects
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. & « is provided in Appendix Tables 8a -and 1la. -
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cm:en;rutionvdecreased slightly. This aflatoxin induced decrease in
> B v v

plasma Iysine/arginine ratio may“be Telated to the'négafive effect of

increased dietary threonine apd the positive effect of increased

’ dier_ny 1ysx..= on the per. of chicks aflatoxin (Fig.
.

12 and 13). Fig. 13 shows that - the 43% anreuse in dietary lysine

1ncuu'sed E “Tow plaamn lysine/arglnine ratfo (0.48) in the hltds

uuffering from aﬂatoxicnsis to“a more normal ratio Q. 2) However, in.

the paix-fed and ad libitum controls, the ratios were 1n‘:rused to
‘ abnormally high ratios of 1:5, and 2.2, respectively, in fesponse.to
1ncrepsed dia:ary 1ys£ne. ‘In contrast the already low Iysine/arginine
ratio (0.73) of the aflatoxin chicks vas further reduced to 0:48 by

thé” 40Z increase in'dietary threonine (Fig. 12). vhile tb,ccntrol

- ratios were also decreesed but ‘remained within the normal range.

|
As previously mentioned, excess dietary lysine increases  the

~ B .
degraddtiol of arginine td” ornithine and ufea, while, - also
. . - A

decreasing argigin by £ r , om by

the renal tubuleé. This results in an crease’ ‘in ' plasma

Pl
lyu&e/arginlna ratio .and in die:ary arginine requirement with a

in per: Fnanc which may be relie’dey 1ncreased
die:ar‘y arginine (79,80,86,87). Arginine requirement, and. thus

tolerance ' of excessive dietary’ iysine or ' arginine varies’

. - ‘e, s ~
considerably from one strain of chicks to the next and even between
. - e

fanilies within ‘strains (79,88). This \}ariu:ion appears to result fx:um
geneti: differences ‘in lysine mutuboliem (89). Th* selection of
. chicks "vith  high arginine (H.A.), or low srginine (b. A) requx:emenc
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has produced two strains offchicks; Nesheim H.A and Nesheim L.A. (88).

<. Regardless’ -of the type of diet fed, plasma lysine levels in the H.A.

p Strein were nearly dosble those of the L.A, -strain, while plasma

\ arginine 1evels showed little varlhting.‘ L

Sus:epti‘hility to aflatoxicosis also varies considerably from one

strain .of ‘chicks to the next or even between individuals within &’

\.stréin (2). In light- of | the effects of aflatoxin on. the plasna

lysine/arginine ratidii the Huhba'gd/ﬂubbard strain, and the improved
performance seen after normalization of this ratio, it would be

interesting to, compare ch‘e,suscepcibility of the H.A. and L.A.
fotrain® to aflatoxicbis.” The H.A, strain, olrcagy Yaving “high
lysine/arginine  ratio, ct;uld be expected to be less hnrmeﬂ by the
" decrease in' the ra&io prodpced__b,y»nflatoxln. than vould the ,L.A.

" strain, which already have a low plasma lysine/ arginine ratio. If

these . predictions are’ d, thiswinf on could be of

. « !
value ip the selection of aflatoxin resistent chickeéns.

7
Contrasting effects of. threonine and lysine on ¢ lected amino ac:

¥ “Also of intarest “are the _effects of 1ysine and Lhreoninc i

supyleme}nts on the ‘plasma concentrations oi ornithine and me:hiontne
" (Foble " XIV).- Predictably,” the 43% igerease in diétary, threonine:
(dnhibits argmse) causea ‘8 significant decrepse  in p}nsma'
ornithine. cox\centration 1n both sflntoxin'aml ysir -fed wntrnl groups.

In contrash, the 43% igcrease in dietnry lysine '(stimulstes arginase)

caused an’accumulat¥on of ornichsne in the puit-fed con:roi birds, but

in' the aflatox

group a .decrease in ,ornithine cm’&n:\'ar_ion vu‘“ e ’
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Methionine 150 threonine
. 1

S~
is provided 1||*Append1: Ta\les
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o

Table XIV. Effect of lysine and threonine supplements on plasma

.

;eveh of seiec:ed emino acids in chicks with aflatoxicosis.’

Plasma amino acids (nmol/ml)
Amino Acid Dietary Supplement .

(nmole/ml (% NHC requirement) Aflatoz;n Pair-fed Ad libitum
of plasma)’

102 1ysine 054314 399+111B . 390421BC
Arginine 122 lysine 468124A - 357450BCD 3B6+51BC
146 1ysine 391425BC - 32325D .  344325CD
102 1ysine ‘74,048ABC  62.8+19BC :81. A+13AB
‘Ornithine | 122 lysine 93.6+21A _ 53. 71. )
¢ 146 lysine 69.135.7BC 78.8+124B 75. s+stnc,
102 lysine 95.146.78 76 347.3B. 80.3+4.8AB
Methionine 122 lysine - 62.9+10C -2A 80. .4AB
146 lysine sgjge.sc .2AB 81.4+10AB

122 threonine 553+46As . 439+67EC 351i68DE

A'xgin‘ing " 150 threonine - - 532%53A 34BY16DE  422+26C

175 threonine  502424AB  348162E | 41434SCD”

. 122 threonine 133+45.3A 100+21B 56+20DE v
Ornithine 150 threonine 5+12 38+7.78  "70414CD
«. ‘175 threonine 52422DE  76%+4. 6C
Vaal

73-(-918A ,{ 60+9.. BBC
54+5.0CD " 68+6.2AB
61+8.7BC . 61%4. BBC

122 ‘threonine

=" 75 threonine

u

g 5 5 o v
Values (meana + stum}nrd deviutions) for a parameter followed by

the same "letter ‘are net slgniiicantly different 'at P<0.05.

' Bvuuunen ior the occurance o$ interaction 1n che ujor effects

236 and 243,
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produced despite the large decrease in its precursor arginine vhich
* vas observed in both the sflatoxin and control groips. This stggents
that ornithiw is being utilized more rap}dly in the afhloxln group.
-Methionine cuncentranon vas nlso decreased in res‘pons: to increased

lysine in the aflatoxin group but “no change in nethlonine levels

.occurred u the control groups. Two alterute pnth\mys for l:he

nciuzation “of omithine and hthionins h\:l\lde creaunz syn;hesss
- and polyuminz aynr.hesis. Because lysine is knwnlto inhibit ’]epnlh‘._
;glyci.ne transamidase’ while increusing arginan activity ‘(79,80) ;‘4
stimulstlon gf creatinine synthesis in the presence of . high
concentrations of lysine‘i{unlikely (Fig 11,. P: 54) The polynmines“
>(p¥tr=scine, spermidine,_ spamlne, and udnverine) nre required for
many important biochemical processes includlng protein synzhesle (90)."
' Thus the beneﬂcm effects ot 1,;1“ on the perfornancesof chicks

with aflatoxicosis nuy be due, at least An part. to its role-in the

stimulation’ of ornuhine and/or polyuine synthesis. Similarly the i

iniibition of :ne 3 of these by way

explain its negativs effects on performance.

C
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" iysine, argining, ornithing,

by Nasheim, : whith ure churncterized

67

Introdnction -
In  the previous :hapter. increased dietary lysine was shown to
moderate the toxicity (as !ndicnted by,/ eight gain) but ‘not the

enorsric effects of aflatorin, and it vas

chicken -known as Nesheim

lysine could ‘be to.be less snscaptihle to thz

effects .of .aflatoxin. Asafollqw up to thi.s exper!mem:. a fifth

"experinent vas designed in vhich varying amounts ‘of both lysine and

|

that the strein of

, hayif™ comperatively high. plasma

arginine would be s\lpplemem:ed. In :his way we huped to Felieve ~the. .

lysine/arginine sntagonism vhich vas induced at the highest level of
lysine supplementation in the previuus experiment, and thus study the’
effects - of incxeas'ed plasma levels of the proposed detoxicants;

and the polyamines. Unexpectedly, r.he

"chicks* used in this follow up experiment were found to differ quite

markedly = dn  their plasma lévels of * lysine, arginine, und\_
lysine/arginine ratio (Table XV). The chicks from the lyside/

arginine feeding trial aypaa;{ reseile quite closely the HA strain

developed by Negﬂm, which ate cheracterized by high plasma lysine

concentration and 1lysine/arginine ratio and hence a high dietary

. arginine (H.A.) requitement,. In contrast the chicks in ‘;he tdtmer:

lysine experiment more closely resemble the LA - strain. developed

concentration and lysine/nrginine rnio, and hence & low dietary

argigine (L.A. ) uquiremen:.. The plasma.lysine/arginine rntio‘oi-O.??

y ‘low: plasma = lysine!

_ryeported by Neuheim (91) for !.he ‘L.A. - strain ‘{s remarkably’
o “

s

v d




Teble XV. Innite .differences in the plasma concentrations of

é ls{nz. arg: ne. and lyslne/argh\ine rn:io tn :hicks from,
oY

feeding ;ruls 4, lnd St i : ¥ ae

. BN

" Iysine © " 1ysine/e

latoxir, Average 2Ad Iibituchilaw AYuaga

7 Control “Control Control
Iysine O 6008145 A28 633
arginine 390:21 - 505431 -395' .. 316s37 © 501496 . 340
lye/erg 1.03° - 0.48. 1.0 1.9 © 085 1.86
5 . 3 e v
Py

& Chicks ‘recieving feed’

bitum with no supplementationt,

© B.Averagé\of all non-sflatoxin bups re:ievﬁg 0" 1ysi'na'

uupglmntu on (40 chicks in total).
© Chicks fecieving aflatoxin (Z Suglg diet) v:lt.h nio nditional

- supplementdtion.

q Avenge of a1l non-lihtoxin groups (180 chicks"in total) .
stics

By o! ad dibitum
controls recieving r.he hasnl ration ' (no supplementation.
nprnm‘, the. innate characteristics of the ‘entire group -of

\chicks n each. feeding trial. Thus ~ the :ogptrasting
lysine/arginine ratio’ observed ip the ad libitum controls from
the two separate feeding trials indicates anifinate difference in
the two groups of chicks. This difference is also apparent whefi
the -aflatoxin groups from Both feeding trials -ere ‘compared,
although both ratios have been reduced-by aflatoxin.

order . to” confirm that’the tventy ad libitum cBntrol
chicks are representative of the larger group of chicks -in. each
feeding trial, the average control values, derived from a larger
proportion of the total number of chicks, are dlso shown. - These
values :orreapond very clusely with those of t.hz ad libir.um

controls. S

L}
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. argifiine

g supplier,

* than chicks from the LA strsi’when eggs are txeated the same d:an

» immagined that early and lare namﬁ’r‘;g <§cm.:ks. -shiwed smem:exy .

effects of . a!lutoxih.

-
: unureddc efiec: i’ uspme to ’tlntoxin, I.vur. no. :ox!c e!fa:t; ve&ah’t

&

- . L “ e M

0y £ - i . s N ’ \
sipiler to the ratic of 1.03 observed in the. ad libitun control chisks
in the 1ys1.ne fee}ing tna1, while the ratio'of 1:99 in the g ECLLEE.-
control - chicl? fron ihe lysine/arginine:, expertment” gore’ closely ’
resenble the ratic of 3. 06 reported by Nasheﬂm for the H A.' strain, -

Although + unselected cone¥cial brotlers show grug vuriulo?t xn
quuir_elpent-. ‘anging fromv mdivmuls uhich co’uld be.
described as having low nxginine requiremenr. (L.A ) tor r.hose huving /
high arginine requirement (H.A.), it is at Frst aifficult to expmn \ L
how two separate groups of chicks could be- o’husned from the _same
which differed. so widely in this 'zegurd and yet showed
relative uniformity yithin each gxoup. However on l:los:r exsminat&n,,
strain haten seveml‘ hours soonet

the ﬁnding nha: chicks of the H.A."

1nouhuon,' (92) providesa plausible explatnation; * it ¥ east)f be -, e

after hat.ched, uuuld apgeur in separate shipmen:s.

and the data presented.in the previous

b .
From this datal‘  chapter -+ )
o ;

shoving thst aleva:ed plasmu lysine concen;.rar_{on reduced .the r.axx: T

one might expect thnr. :he chick‘s used in the
lysine/urginine experdment would be' resist!’m: to the :nxic elfects of © |

5 o
aﬂstoxin.. The Tged "ineuke an& weighr_ gain/of the uﬂatoxin l.md B3 |

oqntrol :hinks are compared :n Ta‘les XVI.. and XVII. rupecﬂvely. As

pradicted the chicks in the 1yslne/ugin{n@ ;xpe’iment shovzel An
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‘mu VI. Bffect of’ 3raded levels of lysine and arginine on feed .~
: 1ntake of chicks receiving eflatoxin. & .
Dietary Sug!lenentution (% NRC requirement) -__ .
94 arg -122 arg 1227arg . 122 arg N

102 1ys 102 1ys- 122 1ys - - 146 lys

Treatment ¥ Feed intake (g) .

Aflatoxin . R ' E .
(2.5ug/g diet)  9BO+22B *  -89B+56CD  930+104BLD 892+48CD o

. - o 3 F : h =g .

Ad 1ibitun ; . [ N
Controls 11154414 1107460A  10844105A 10804434 B %

Values (mean + standard devnuons) £blloved by the same letter
are noz significantly dii{}em: ut P<0 05 Evalnul;ion for ~ the
sccurance .of - interaction 1in tht major effects 16 provided in

Appendix Table 13a.
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Table XVII. Effect of graded levels of lysine and ergihine o

e

weight gain of chicks receieving afllatoxin.

102 LYS 102 LYS

122 LYS
Weight gain (g
5=

<

UB1422DE ° 4U6+2SEF  49B46BCD  465+17DEF

.Pair-fed

controls 4BOL1IDE . 430418F  482421DE - A39422EF
R N

_Ad libitus : y

controls ° 532464BC  S74+44AB.  S5L+41AB  586+43A

4 Values (meant stendard deviations) followed bythe same letter
" are ‘not significantly different at P<0.05. Evaluation . for the
occurance ‘of interaction in :he‘_‘lujor effects is provided  in -

¢

Appendix Tables l4a. E 4




gain is actually slightly higher in the aflatoxin group than in the
.pai.r fed controls! " :

‘Both _ plasma’.lysine concentration and the effect of aflatoxini on
-~ L&

weight gain, veried considerably from one experizent to the mext. Fig.

14’ shous the relationship between these two factors.” The difference’

in the final veight of the sflatoxin and pair fed controls receiving

th’basal ration, ‘ig ‘plotted against the plum lysine :oﬁm:ruinn

in :he ad libitum controls-receiving the basal rution in each separate

" expermen: The correlu:inn coefficient of -0 94 shnvs that there is'a
strong negative f.m-ralation between aflatoxin toslcity (as  indicated
by dbcreased weight gain over and-above the decrsass attributablé o
the anorexic ‘effects of nflatoxin b and plasma 1ysine concen:ntlon.

“indicating that the Neshein HA and genetically related chickens should

be less susceplible to afiatoxin then the LA und xelnr.ed chickens.




.

Fig. 14.. Relationship betveen plasma lysine concentration

. nfluox‘&n Jtoxicity. -

and
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Aflatoxin has been shown to produce a decrease.in the -plasma..

levels ' of ‘a wide renge of nutrients, in a pattern indicative of a

malébsorption syndrome. Prevd.oils uot:k'ers have shown that »dietary

aflatoxin reduces bile concentrar_mb and reduc.es pancreatic iypusé‘

acti\/ity. More research is necessery :o show a causal relntidnsmp
beween these two fxndiﬂgs. Supplementary choline, particularly when
admmistrated through IP. 1nject.iens, slgnifican: y|reduced the effects
& nE uiletoxin on the: mjori@y of .plagpa ‘constitsént: »e 8nd thus appears

:6 relieve the aflatoxin ‘induced malabsorption. Didtary chollne also

s g ’ signsncanuy terlnced hepatic.lipid and fveight gain in the ailetoxin.
’ birds. T ! .

Although aflatoxin produced Bl‘l overall reduction in plusma' nutrient

P increased . in rasponse to aflatoxin, most notably :aurine.'

EE A other urea: cycle intermediates. Specific anino acid isbalances,
L perticularly the decrease ‘n :yr/phe and BCAA/AAN sy cantribute to.

suppressed’ feed. make. -

: o revions researchers “have | obsérv‘ed daily bencole acid
adminisr_rauon to incresse ures nitrogen from IZ to 9% of - the t:‘ztal‘
nitrcgen ‘excreted by chickens. This rise’in urea produ::ion vas .used
to indicate the operation of ‘the’ ornithine detoxifim\mgchanism.

.The aflatoxin induced increase in plesma levels’ of BUN, ammunia.
5 ; . i

glutamine .and the -uréa cycle intermediates, fogether with the

@“ecre‘ased‘ 'plasma ] concentration of uric acid, suggestsy & “similar

concentrations, syeciﬁc plnsma cunstituents vere cunsﬂstently--

—pheny. iire;Bnd—to a lesser extent \:yrosine. together w!:th ‘several .

increased excpetion of nitrogen as urea in response to deily aflatoxin ,




J detéxifiution mechanism.

dmini 1 and thus sy a shl.‘l;r: 1 on the

R S 3
The contrasting effects of .lysine and threoniie on the

perforlam:e of :hi:kl with aﬂ.utoxicolia may be ulated to thelr 2

opposing effactn on nrgi.nnu, a key my-e in :ha omit.hi.na

demxiﬂution systen. . Kegardlesa of the Innh- of ‘the benuscul

effects of lynine, ggnftic vud.utionu 1||‘Z:.am lysine cmcentntlon

may be of v-lue in fhe aelection nf aflatoxin ruisunt chickenu.. §
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