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. v * ABSTRACT
L . ‘ . . ~
A geries'of studies was conducted to cheracterize and

 elucidate thé manifestations.of the Double -Muscled Syndrome

‘o

bX

in cattle.

In the first study (Chapter I) the- breedxng history and .

the phenotypic expression of the "double-musclxng" tra1t in.

a "Double-Muscled' (DM) populatlon vere examined. The

evidence suggested that the "double-muscl1ng' trait is
mediated by .a s1ngle recessive gene pe1r w1th occaS1onal
1ntermed1ate exﬁress1on in the heterozygote’ medxated by
modifying gene—products. L o | o

In-the second study.(phapter‘ll) the erythrocyte -
osmotic trqgility dﬁ'hine extrene-muscled DM cattle, 19
carriers‘of""double-muscling" and 73 normal-muscled cattle'
of three breed groups were determ1ned Extreme'muscled DM

cattle had’ an increased (P<0 05) erythrocyte osmotic

frag{11ty as compared to carrlers and normal cattle.

N a’

,Carr1ers demonst:ated an erythrocyte frag;l1ty similar to

those in tvo of the normal cattle breed groups.

In stUdy three (Chapter I11) the serum tr11odothyron1ne

=y
-

f(T ) and thyroxine (T,) ‘concentratiens in five -

.extreme-muscled DM cettle, 39 carriers and 43 normal Cattle'

vere determined. Extreme-muscled DM cattle demonstre&ed a
(‘u’“\‘

-h1gher (P<0. 05)‘Eerum T, concentrat1on as compared to"normal -

19
cattle. Carr1ers of ”double-musc11ng were 1nterme8§atg41n

. thélr serum T, concentration. Serum T, concentrat1ons were

not sagn1f1cant1y different between extreme- muscled DM

A0
2
b
¥

iv . . . ,
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cattle, carriers and normal cattle.

In the fourth study (Chepter IV) the 1jpid compositxon
of.erythrocyte membranes ‘was determxned in 1)
extreme-muscled DM cattle and 11 normal-muscled carr1ers
The concentrat1on of cholesterol and of the d1fferent
phOSphol1p1d classes 1n erythrocyte membranes'from extreme
DM cattle and carrlers were similar. Extreme muscled DM
" cattle demonstrated significant. (P<0,05) alterat1ons in the
fatty acid compos1txon of ‘their erythrocyte membrane
sph:ngomyelxn and phoSph9t1dy1ethanolam1ne fractions
relative to normal-muscled carriers. The most ‘notable
differences were in the increased (P<0. 05) concentrat1on of
.palmitlc.acid and decreased (P<0 01) concentratxon of oleic
ac{d in the erythrocyte membrane sph1ngomyel1nwfract1on from
‘extreme-muscled DM cattle_relative to normal-muscled -
" carriers. | _ c
: The lipidkcomposition of}plasma'and high deﬁsity
11poprote1n (HDL) and low plus very low densxty lxpoprote1n
(LDL-VLDL) fractxons in six extreme-muscled DM cattle and
six normal-muscled carr1ers were examlned 1n study five
(Chapter V). Extreme-muscled DM cattle demonstrated a’
decreased (P<0.05) concentratlon of tr1acylglycer1de in the
plasma, HDL and LDL VLDL total lipid fract1ons as compared
to normal-muscled carr;ers. Extreme DM cattle also had an
'increaseﬁ (P<0105) concentration of polyunsaturated fatty
. aC1ds xn the plasma and LDL-VLDL total l1p1d fractions, thh

a s1m11ar trend (Péb 1) occurr1ng in the HDL total lipid



L o
fraction, ;eiafive'to normal-muscled cerriere. . |
In the.sﬁxth study (Chapter VI), the in VJEQQ glucose
consumption ahd lactic acid production by eryfﬁ};cyten'ffom
10textreme-mmsc1ed“nn'catiie, 15 cartiers and 20 normal
_cn:tle'vere determined; Eryéhrecyte giucose«consﬁmption and
‘lec?ic‘acid production was greater'(§<0.a1) in boﬁh
" extreme-muscled DM cattle and carr1ers than ﬂn normal.
cattle. Extreme DM cattle were not signlficantly dxfterent
" (P>0.05) in either their erythrocyte ‘glucose consumptxon or

lactic acid ptoduction r latlve to carriers. No dxfference
*

(P>p.05) vas observed in the. erythrocyte lactic acid.
productionh to' glucose cqaﬁumption moler’ratio betveen

. extreme DM cattle, parrier% and. pormal cattle,

The results of the present series of studies suggest-

- that the ptimary elteratxon caused by the gene or, genes for
'fdouble—muscllng may be in elther a structural or enzymatic
component ‘of the cell membrane or may ‘reflect an alteratzon
1nvce11 metebol1sm ‘pOBSlbly resulting from endocrine or
neufqendoctine abnptme}ities in cattle é&h&biting'éhe Double

Muscled Syndrome.:

\

vi &
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GENERAL INTRODUCTION

i)

A major goal in beef cattle breeding and selection is-
to produce cattle with increased.musciing. For this reason,
attention has been focused on cattle'exhibiting the Déuble
Muscled Syndrome (DMS) or double- muscling (DM) as-"the \.
cond1t1on is commonly known The Double Muscled Syndrome\jn
cattle is an inherited developmental'abnormality affectings
skeletal muscle growth and is man1fested by ‘an increased \y
pote;txal for muscling (Oliver and Cartwr1ght 1968; Holmes |
and, Ashmore 1972; Hendricks et al. 1973; Swatland 1973;
Ashmore et al. 1974; Swatland and Kieffer 1974;: West 1974)
and a decreased’pot?ntial to deposit fat (Oliver and | ‘
Cartwright- 1968). The mode of inhgfigance of double-m?scling
in cattle has been described as involving a éingle‘reéessive
{'gene pair gitﬁ inéomplete penetrance showing variable
phenotypic expression in‘the heterozygote (Olivér and
Cartwright 1968; Kieffer et al. '1972a, b; Rollins et al.
1972/ K1effer and. Cartwr1gﬁb 1980).

As the term’ syndrome ;?pl1es,f"doubleﬁmuscling' in
cattlevis also associétedﬁéith manpy physical physiological
hlstolog1cal h1stochem1cal and blochem1cal characterlstlcs
othgr than the "double-muscllng tralt (Lawrle et al. 1964;
Ol1ver and Cartwright 1968; Holmbs and Rshmore 197%I.Holmes :
et alq 1972a, b, c, 1973 Hendr1cks et al. 1973; Asfmore et
i al. 1974; West 1974; King et al. 197§a; Carfoll et al 1978

Basarab et al. 1980; Strath et al. 1980). The number, type
. ) -~ . ? .



f . .
and intensity of these associated characteristics vary,

Eonsiderably, depending on the degree of phenotypic
exb}ession of the "double-muscling” conformation. This
variation has mnde difficult the complete charactegization
bf'the syndrome and the elucidation of the biochemicnl
alteration responsiblé.. | 'ﬁ ;
. * .. Much of the research done in“regard to the Double
Muscled Syndrome in cattle has centered around
cha;actérization of muscle type (Lawrie et al. 1964; Holmes

- and Ashmore 1972; Hendricks et al. 1973; Swatland 1973;
Ashmore et al. 1974; Swatland and Kieffer 1974; West 1974;
Carroll et al. 1978), phys1olog1ca1 and b1ochem1ca1 response
to stressors 1mposed on these an1ma1 types (Ashmore and’ ‘
Rob1nson 1963 Holmes and n$h1nson 1970; Holmes et al.

1972a, b, ‘c, 1973 Monln and BocCard 1974; Strath et al.

1980) and the ‘mode of inheritance ‘of the synggémeJ(011vgr

and Cartnight 1968; Kieffer et al. -1972a, b; Rollins'et al.
1972 Kleffer and Cartwr1ght 1980) An aspect ‘of the Double
'Muscled Syndrome not yet examined ih any detail is the : o
suggest1on by King and assocxates (K1ng and Basrur 1974; W

King 1975; K1ng et al. 1976a) that this condlﬁqon may ‘be -

»assoc1ated with a general1ze& cell

A series of jnvestigations yére“thérefore undertaken to

verify the occurrence of a membrane defect and to elucidate
the nature and manifestations of the membrane defect in. -
\ - e C

caﬁfle'exnibiting the Double Muscled Syndrone.
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I. ORIGIN Aﬂd INHERITANCE OF THE "DOUBLE-HUSCLING"
CONFORMAT}ON IN THE KINSELLA DM PQPULATXON

A. Abstratt ' ., \ |

In 1967 a heavily muscled{or Double-Muscled (DM)
population was ini}iateé at The UniverSiﬁy of Alberta;Beeix\
Research Ranch, Kinsella, Alber;a. Three extreme-muecleq DM
bulls obtained from outside sod;ces and one extreme—muscled
bull from thd Kinsella Beef Synthetio (SY) population
contributed. to the introduction of the "double-muscling"

~

conformation into the present DM herd. Initially,fcows bred

~ to these extreme- muscled DM bulls vere normal-muscled Angus,

#

Charolals and Galloway cross~breds chosen from the SY
populat1on. Since 1976, the DM herd has been bred. as a
clbsé& breeding population, though, this populatlon i's open
to extreme-ﬁuscled animals which arise in the other Kidsella
herds. In 1981 the average breed percentages of the calves
born to this herd were Angus 51% Galloway 14%, Hereford
13%, Charolais 12% and L1mous1n 8%. ”

h Examinatlon of the breed1ng history and of the'
phenotypic expression'of the "double-muscllng"“trail in<the
DM populat1on suggests that the mode of 1nher1tance of the
"double muscllng trait is controlled by a s1ngle rece551ve
‘gene pa1r with var1able express1on in the heterozygote

~mediated by mod;fylng_geneeproducts.fA 2.3:1 male to femalev

- ~.Sex ratio was’observed in extreme-muscled DM offspring

~

-suggesting a prenatal selection against extreme-muscled DM

\'v



females. - - T .

B..Ihtroduction |
In recent years a “Double-Muscled“ (DM) population has
been developed at The Un1ver51ty of Alberta Beef Research
Ranch, Kinsella,-Alberta .. Animals from this population have
- been used in the past; and are at present being used to
\.study possible abnormalities- 1n membrane funct1on, l1p1d
metabolism and depos1t1on protein metabol1sm stress
susceptibility and muscle growth and- developﬂent which may
" be manifestations of" the Double Muscled SyndrOMe. An
understanding of the animal types present in this popplation
is necessary. This'éhabter will therefore hrovide further
information about the origin of the "double- musclxng

cohformat1on,"the breed composxtlon and the genotype of

these anlmals. The mode of 1nher1tance of the _

"double- muscl1ng conformatxon in the Kinsella DM population

will also be examined.

~

C. Materxals and Methods . d . o " &v.

The data for this study came frOm records on a DM
pop°1atlon malntalned at The Unlverszty of Alberta Beef

Research Ranch Kinsella Alberta. Some of the animals 1n

',nd all of the animals in Table 1.2 have been

JS

-]



population included animals which either express the
"dbub{g-ﬁusclingﬁ co;formation br were offspring of animals
which expressed the trait or had produced offspring of a
‘double-muscled f?ﬁe."Tstg‘yithin this population, animals”’
~ vary fFomIphenotypicaliyﬂhﬁrmal to extreme in muscling.
D. Results a;d Diséussicn ' = |

In the breeding herds maintained at Kinsella::iéimals
which weré"overtly hgavily{guscled woﬁldiinféequently
appear. In an eff?rt to supply animalé,(or sfud;es designed
to providéhinformatfop on the growth and development of |
musclés iﬁyﬁhese énimal‘types,,a heavily kaouble)nmuscled
populaiipnlwas initiaggdiin 1967.,.

T

3
- Origin of the;“dou51e¥nqscling" trait’ 7

A dougie-mpscled Angus bull (80{3, Table 1.1), obtained
from the ﬁanada;Debartmént.prXgriculture, was the initial
sire used to introduce the "double-muséling" trait.
Normal-muScled~A;gus, Charolgis and Galloway cross-bred cows
(Tables 1.1 and I.3) were bred to this bull during the 1967
and 19ﬁ8\breedﬁbg seasons. The rééultihg.offspfing.weré
allocated to the Dﬁ pobﬁlétioh. In>1969, énother»éource of
2"@oub1efmuéciing" wés introduced into the DM population by a
Ch;roiais doﬁble;muscled.bu11;17455, Table I1.1). o
: No§mél—mhscied cross-b:eg cows, ptedq@inately of Angus, -
Cha;oiais; Galldway and.Hergford breeds (Table; I.ﬁ*and‘

1.3), were bred to this bull. The use of this Charolais sire

Y



in the DM pdpuldtion ié“;I;arly demonstratéd iﬂ prlé 1.3 by
fhe sharp incre;se in Charolais in the breed percentages of
the calves born-in 1970. Iﬁ 1971, an overtly heavily muscled
" “bull (3561) appeared in the Beef Synthetic (SY) population,

and was used as one of the bfeeding»bulls for the DM herd:
during the 1972 breeding season (Table 1.1); The breed-
compbsition of th}s animal was predoﬁiﬁately Angus, |
Charolais, Galloway Qnd Brown'Sﬁiés. The breed percentages
of the Kinsella SY herd have been reported elSewhere (Berg
1978). In 19727¢d;three—quarters Limousin and onéLquarter
Hereford double-muscled bull (5992) was purchased (Table
'1.1) and used during the 1973 and 1974 breeding seasons
(Table I,i and I1,2), ?ésultingwin a sharp iﬁcreagg in

" Limousin and Hereford in the breed percent&geslof‘DM calves
born during 1974 and'f975'(Tablé'I.3); Subseguently,
extreme-muscled anﬁkeeding bulls were chosen frdm_withiﬂ

the DM herd (Table IJZ). Préceeding the pufchase of cow 5193
< A .

~

. G and an extreme-muscled female calf 5196 (Table I.2) and

their introdﬁcgion intg the DM herd in 1976, breeding cows

\he DM population.

- wergsalso exclusivelywphoSgngrom‘withib“

'Thus ,since 1976, the DM:herd has been bred \as a closed
breeding pdpulatioh.'ngwever}~Ehe DM herd is open to |
" extreme-muscled animals which may arisqﬁig-othef Kinsella
: R
[ : . . ) J

populations. . . v S N

o



Breed oercentages of the DM population

The breed percentages of all calves born to the DM
population for each‘year-from 1967 to 1981 are shown in
Table I 3. The introduction of the varxous breeds 1nto the
DM populat1on was discussed in the previous section. The
breed percentag;s of calves born to the DM populatxon have
bequn to stabxlxte w1th l1ttle change occurring since 1978
(Table 1.3). In~ 1981 the average breed percentages of the
calves born to the DM populatxon were Angus 51%, Galloway
14%, Hereford 13%, CharoiﬁJS 12% and Limousin 8%, with minor
contrxbutxons,from other found1ng breeds (Table 1.3)., Of the
breeding pﬂpulations et}Kipsella, the SY herd shows the
greatest similarity in muscling- and fattening;type and in
breed composition to the DM population.

‘ . . g -~

; . /
Inheritanée of the "double-mueé}ingf confoxmation

The Double'MGscled'5yndrome or "double-muscling" has
been recognlzed as a jfnet1c dzsorder 1n cattle for nearly
‘200 years (Cully 1807, as cited by Ol1ver and Caftwrlght
. 1968) Desplte the knowledge of its long. exzstence in cattle
populat1ons, much ie unéertaln about the mode of 1nher1tance
’of this syndrome This uncertaznty is due pr1mar1ly to the
id1ff1culty involved in carrier or heterozygote- “
1dentr£1catlon beogose of the extreme variation in
phenotypzc exptdcs1on of thei”double-musc11ng c0nformat1on.
Carr1ers of this syndxome can e1ther approach the phenotype

of normaL 3n1mals, double-muscled an1mals or be 1ntermed1ate
, »
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(Oliver and Cartwright 1965} West 1974). Further, the amount
of the "éoubLe—muécling" conformation expressed by the
carrier may vary widely from one animal to the next,
dependxng upon such factors as breed age, Bex and>pﬁysical
condition (Oliver and Cartvrxght 1968 Roll1ns et al. 1972;
Rieffer and Cartwr1ght 1980) |
Various hypotheses concerning the mbde of 1nheritance
of the syndrome have been proposed. Most agree that the
"douvble-muscling” conformation is mediated by a single,
aytoéomal, gene pair (Kidwell et al. 1952; Oliver and
Cartwéight 1968; Kieffer et al. 1972a, b; édllins et él.
1972; Kieffér and Cartwright 1980). Diallele (Sopena and
Blanco in 1970) and triallele (Kronacher in 1934) models
have also been proposed (as cited by Rollins et al. 1972).
Disagreement arises ‘in the'éingle-gene pair hypothésis as to
vhether the gene for "aouble%muscliné" isrpaftially dominant
or 1ncompletely Fecessive (Kldwell et al. 1952°/311ver and
Cartwright 1968; Kieffer et al. 1972a, b; Rollins et al.
1972). Th1$ dLsagreemgnt stems from the wide yar1at1on in
pheno;ypié exprgséion of,thé céaractgr in the‘heteroikéote.
 Evidence gathered recently indicates that the )
"double-musclxng ~gene 1s 1ncomplete1y recess1ve to the gene
for normaltmuscl1ng (Rieffer and Cartwr1ght 1980). It is
‘very doubtful that there is a gene for normal muSCJing or a ,
gene for "double—muscl1ng . Rather there is a gene- complex

resu1t1ng in many gene- products wh1th dictate the phenotypxc

expre551on of muscling, Alteratlon 1n one speé1f1c gene may



|

resul@ in a% abnormal gene-product which may alter the
/ .
phenotypic prressio of normal-muscling.

Altthgb it is guite clear that the "double-muscling”
gene ¢ doe§ Aot confo#m to the’criteria of classical Mendeliah
genetics, controllgd mating studies carried out by Kxeffer
and Cartwright (1960) have shown that from the standpoint of

practz/al transdﬁsszo genetics”, thg ”dopble-muscl1ng
gene f%llows thé rules oF recessive Mendelién inheritance.
In these studies @and iﬁ/!hosé by the ptésent author,
carriérs vere defined in the "classical sense , that is
being synonymous with heterozygote and weve determxned on

the baszs of the animal's phenotype and brqed1ng h1story.

The one gene model for the inheritance of the Double Muscled

\

Syndrome is assumed. - | \
| In studies in which doﬁble-musclgd Bullé or couws have

been mated to'doub1e~musc1ed cows or bulls, the offspring >

were almost exclusively double-muscled (lever and

Cartvr1ght 1968° K1effer et al. 1972a, b; Rollins et al.

1972, K1effer and‘Cartwrlght 1980); The same researchers

shbved that double-muscled by nbrmal m;tinés'ptoducéd

catrxers wh1ch varzed in thezr phenotypic, expre551on of the

B "dduble—musclzng conf¢rpation. Further, carriers mated to

carriers produced doublé-musqled carriers and hopmgl calves

in the ratio of 1:2: 1 and carr1ers mated to doubleZmuscled
anzmals produced double*muscled and carrie lves in the -
tat1o of 1m1 (Olzver and Cartwrighb 1968 Kieffer et al.

: 1972a, b;: aqlllns et al 1972, K1effer and Cartwright 1980).

L
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Discrepancies between expected and observed results have
y/
rriers

" (Oliver and Cartwright 1968; K10f£er and Cartwright 1980)

been suggested to be due-to mistaking carriers as

double-muscled animals and/or normal animals as ca

In the DM population maxnta1ned at Kinsella from 1967
to 1981, 62 fertile matings between double-muscled bulls and
suspected qarrier covs were made (Tables I.1 and I.2). These
matings resulted in 29 double-muscled and 5i‘carrier calves

vhich géve a ratio of double-muscled to carrier calves of

L
~

111,17, Th@ carrieﬁ varied in phgnotypic expression of t'he
"double-puscling" conformation from being indistinguishable
from:n&rmal animals to beinag extreme in muscling (fgr
example, animals #5046 and #5027). Double-muscled bulls
mated to, normal cows only produced carrxer calves whlth vere
variable in phenotypic express1on of the "double~musc11ng

v

conformat1on (Tables 1.1 .3nd I.2)7 Only four carrier by
carrier mat1ngs are show‘}q Tables I.1 and I. 2. Thesé
matxngs only resulted in carrxers and normal oftspr1ng.
”gHowever, this number of matlngs is too small to accurately

Jdeterm;ne a ratio. Of 15 carrier by normal matings shown in
Table Ig1, seven garrxervand e1ght normal an;mals vere
obserwed; The genotypic status qf some of these animals s
much légs cérraﬁh than that for{the double-muscled x carrier
matingS'pecause of their limited existence in the:DM * »
populatiép. Tﬁe ;bsqrved result is in agreement vith the
expected %esult-for‘recessive yengelian inheritance.
Double~mus¥led by double-muscled m;tings resulted in ‘only

\

|
i
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four double-muscled calves (Table I1.2), Determination of the

genotype of each animal (Tables 1.1 and 1.2) was baeea:02L S
the breeding history and/or the ohenotypic :xp:eeeion of the ‘=
"double-muscling” conformatiion of eaeh animal. e -’;_
Of the 33 double-muscled calves born to the Kinsella Dﬁ4 ﬁsl
population, 23 were hele and 10 were female (Tables 1.1 e;d'
1.2) giving a male to female ratio of 2.30:1. That of
nondoubie-muscled calves produced in the same herd :
approximated a male to female ratio of 1:1 (Tables 1.1 and_
I.2). In previous studies by Rollins and others (éolline et
al. 1972) an overall male to female. ratio of 3:1 in
double-muscled animals was observed while that in
nondouble-muscled anihels wvas not significantly ditfeggnt
from the 1:1 sex ratio. Thus, it is clear thatthe 1t sex
ratio does not exist among double-muscled animals. Two q.
alternative explanations have been proposed by Rollxns et
al. (1972). Pirstly, there is a greater prenatal select1on
s agalnstﬁoouble-moscled females than against double-muscled
males. Alternatively, there are different modes of
inheritance of the "double-muscling” trait between sexes.
This latter alternative presupposes influence to the
"double—muscllng" tra1t by both the autosomal genegs) and
the séx chromosome. Exper;mentel evidence gatherea by
‘,Rolllns et al. (1972) supports the former a;ternatxve. In
addition, it may aiso be probosed that there are different

‘ degrees of express1on of the "double-muscling” trait between

~sexes, An inportent aspect of this préposal may be the

s
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prenatal influence of the sex hdrmones.
The observations presgcted in Tables 1.7 and I.2 are in e
agreement with those presented by Oliver and.Cartwright 3
(1968), Kieffer et al. (1972a, b), Rollins et al. (1972) and
fKieffér and Cartw:ight (1980). It may, therefore, be
suggested that the *double*muscling" gene behaves as a
normal.segregating'recessive. However, this does not explain
the extreme var1at1on observed in the phenotyp1c express1on
of the “double -muscling” conformation in the heterozygote.
‘Oliver and Cartwright (1968) suggested that this variation
was caused by various alleles at other loci modifying the
gene for the "double-muscling”™ conformation. In '
cohsideration of the present knowiedge of genetics, one can
re-state Oliver and Cartwright's hypothesis and say that B
this variation in the carriefﬁhay be due to the modifying
effect of one or more gene- products on the phenotyplc
'express1on of the "double—muscl1ng conformation. Genés'do
not modify other genes dlrectly. Thus, the phenotyp1c

I

expression of "double- muscl1ng may depend on what-

o
$

proportion of the modlfylng genotype is 1nher1ted from each
parent. Ih'maplngs (fpr example, DM x carr1gr, carrier x‘
carrier and carMer x normal) whe;e there may be a potential
for both the ihheritance Q;Jgehesﬁwhich'produce products
that modify hhe phenotype;faﬁards normal-muscling and

_ towdrdg\"double-mﬁéclihg", variation in the phenotypié

expression of the "double-muscling” conformat1on may be

expected. In the case of double—muscled by double-muscled

-
.

~ . . ~ ~a
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matings;.gene§ which produce products that modify the
"aouble?muscling" conformation towards normél-muscling may
not be present\or effective. This may be;true when the
"double-muscling” trait first arises in any given cattle
population. However, in the Piedmont breed,:years of
selegiion for a more fit and productive double-muscled
animal has resulted in anvénimal which is "double-muscled"”
without the associated reproductive problems normally.
assocfated with "double-muscling™ in other breeds of cattle
(Rai%ondi 1962). Breeding studies with the Piedmont breed
suggest that genes have accumulated under the pressure of‘
artifical and/or natural seleqtion_yhich produce products
ghat\modifyrthe as;ociated repfoducfiVe p;obléﬁs’as well ago
tending to endow the "double-muscling” conformatipn with
dominance (Raimondi 1962). Thus, the evidence'preéented'here
and by others (Oliver andiCarfwright 1968; Kieffer et al. |
1972a, b; Rollins et al. 1972; Kieffer and Cartwright 1980)
suggests thaf the "double—muscliné"~c6nfbrmatiod‘is mediated
by a single recessive gené'pair with vafigble expfession in
the heterozygote med1ated-by modifying gene-products.
Selection ‘of a more fit doubl% muscled animal may result 1n‘
the accumulat1on of genes and thus gene-products which
‘promote thé trait to dominance-(Fisher 1928, 1929).

Rollins et al. (1972) and Kieffer and Cattwr1ght (1980)
have descr1bed the mode df 1nher1tance of the
"double-muscling” tralgaand haye made the assumption that

the trait -is controlled by;g single gene pair. Genotypic

)
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'categorization of déuble—muscled animals is based, to some y
degree, on this assﬁmption. It iS'therefofe notrsurprising,” )
that the data fit the model. The same conclusion could be
made even if the expression of."doubleemuséling" behaved as
a quantitative‘trait under the control of hany,gengs. A
quantitative trait becomes qualitative by classifying in
digcrete and féw categories. Thus, the mode of inheritance
of the ”double-muscliné’ conformation still,fequires further
qlarifi;ation. Understanding the mode of inheriﬁance-of the
Double Musc}ed Syndrome is important for the use pf’thg
"double-muscling"'conformation for beef production (West et

al. 1973; West'1974;'Cart911 et al. 1978; Kieffer and s

Cartwright 1980).

~

’

| e
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Ir. ERYTHROCYTE FRAGILITY IN DOUBLE-MUSCLED CATTLE, CARRIERS '

. AND NORMAL CATTLE' : o

A. hbstract .
Osmot1c fragll1ty of erythrocytqs was determxned on
heparxnlzed whole blood, sampled from & group of 95 cattle'

con51st1ng of ‘73 normal animals from three breed groups and

- 2R anlmals show1ng vary1ngﬁdegrees of the "double muscl1ng" g,sf‘
I AN

trait. Four age groups aﬁd u@o gex groups were sampled from

S

each breed group.‘Mean corpuscular fragll1ty (Mcﬁo values
(the NaCl equxvalence produc1ng 50% hemoly51s) were
1nterpolated from a frag1l1ty curve der1ved for each an1mal
The ”Double Muscled" (DM) breed group H%d 51gn1f1cantly
increased erythrocyte fragility as cogpared to the other'
breed groups. Aslanimal age lncreased the fragility of the
erythrocytes was s1gn1f1cantly decreased Sex d1d not appear
“to 1nfluence erythrocyte frag111ty. Erythrocyte fraglllty o
was also related to the degree of phenotyplc expre551on of
\Vthe "double-muscllng" trait. Phenqtyp1 lly extreme-muscled
DM cattle had increased erythrocyte frag1l1ty ;s compared to
phenotyp1cally normal- to moderate-muscled anlmals of the DM
) breed group Erythrocyte fragll1ty in two of the other breed
groups overlapped 1nto‘the erythrocyte;fragll1ty range(of
Lthe phenotyplcally hormal- to moderate?muscled‘DM ahimals,“

- -~ —— - - > ———

'A slightly mod1f1ed vers1on of this. chapter has been T
ublished. Basarab, J.A., Berg, R.T. and.Thompson, J.R. : /.
980. Erythrocyte fraglllty in "double-muscled" cattleeran.“
J Anim. Sci. 60: 869+ 876.- . ‘

~
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whiie the remaining breed group Showed a decreased
erythrocyte frag111ty¢ This overlapping provides adequate
//grounds for the re;yét1on of the erythrocyte osmotic
frag111ty best.used in this study as a means of unequ1vocal
1dent1f1cat1on of carriers of "ddbble-muscl1ng in cattle.
Desplte the rejectlon of th1s test as a means of carrier
’ detect1on, the suggest1on (Klng ‘et aIf1976a) that

double-muscled cattle may have a "generalized membrane

defect" is still considered valid.

“t: B. Introduction‘

N “A, There are aknumber of reports on the physical,
phys1ologlca1 histological, hlstochemlcal and bzochem1cal
characteristics assoclated w1th the Double Muscled'Syndrome
(DMS) in cattle (Ol1ver and Cartwrlght 1968, Holmes and
Ashmore 1972; Holmes et al. 1972a, b, 1973; Hendricks et*al

-1973~ Ashmore et al. 1974) . The mode of 1nhér1tance of DMS

or double-muscllng in cattle is descrlbed as 1nvolv1ng a

' 51ngle recessive. gene  pair w1th 1ncomplete penetrance

. -
wshow1ng varxable phenotyp1c expressxon in the heterozygote

maklng detect1on of carrlérs quite d1ff1cult (Ollver and
a Cartwr1ght 1968; K1effer et al. 1972a, b, Rollins et al.
19727 Rieffer .and Cartwright 1980; Chepter I).
| ‘Kihg et al. (1976a) stated that the erythrocyte osmotic
'fragility test described in their'report was a clearcut ‘
‘method for theldetectioh'of double-moscied,carriers in
cattle.{Their.abproach waslbased.on evidehce,showingkthat a

e



20

general1zed membrane defect™ may be one of the most
consistent features of DMS in cattle (Klng and Basrur 1974;
King 1975). \Qhem1cal analys1s of muscle tlssue from
zdouble muscled\cattle had prev1ously shown that the syndrome
is assoc1ated Wlth an 1ncreased potass1um/sod1um ratio
‘(Lawr1e et al 1964) Double- muscled cattle have also been
shown to have elev;ted restlng levels of plasma creat1ne'
phosphokinase (CPK) (Holmes et al. 1972¢c) and 1ncreased
plasma and serum levels of;CPK lactate dehydrogenase,
glutamate oxaloacetate transam1nase and pota551um when.
stresed (Ashmoreiand Robinson 1969; Holmes et al. 1972b, c,
51973) 'Holmes and‘associates (Holmes et-al. 1972b, c) have
stated that durlng stress, Cg§ can be lost from muscles
which show no gross “or microscopic signs: o; necros1s The:
'above observat1ons can beﬂinterpreted as evidence for the
hypothesis (King et al. 1976a) ‘of an alteration in the
“functional state of. the skeletal muscle membranes 1n
double-muscled cattle. B ' _
In order to control and ut111ze the "double-muscllng"

“tra1t, add1t1ona1 1nvestxgatxon is requ1r§d to further the

1knowledge of 1ts 1nher1tance and man1festatzons 'The .

obJect1ves of the present study were to efam1ne the
5relat1onsh1ps of "double—muscllng and erythrocyte osmotlc
’fragll1ty and to exam1ne the va11d1ty of the test as a

ﬂdetectlon method for carr1ers of the tra1t 1n cattle.
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C.'Materials and Methods
Ninety-five cattle, mairtained at' The University of
Alberta Beef Research Ranch, Kinsella, Alherta, vere_used. 1n
th1s study This group consgsted of 73 animals from three
breed groups showlng normel muscllng and 22 anlmals from q}f~
'-"Double~Musc1ed" (DM) breed'oroup showing varying degrees of
'"double muscl1ng" trait. With the excqgf?%n of some of |
the original females, all an1mals w1th1n the @M populatzon
either express the "double*muscllhg" traxt or” are, offsprzng
of an1mals whlch either. express the trait or had produced
offsprxng of a double—muscled type (Chapter 1). There were
four age groups and two sexes per breed group (Table II.1).
The four breed groups. were DM, Beef Synthetzc (SY) Dairy
Synthetlc (DY) and Hereford (HE) (Berg, 1978). The1r average
breed percentages are summarrged in Table I1.2. The HE SY
" and DY breed groups were early-, 1nter;edlate~ and
late- fattenzng types (Prlce et al. 1977), respect1vely, and
33; vwere 1ncluded for compar1son with the DM breed group. " The SY
breed group showed some S1m1lar1ty in breed compos1tlon '
’ (Table II. 2) and %n musc11ng and fattenlng type to the DM
breed .group. ’ ’
‘ 6<;éased on the degree of phenotyp1c expre551on of the .
"d le*musc11ng trait, the animals of the DM breed group
, were scored on a subjectxve scale of 1 (normal muscl1ng) to
5 (extreme*musc11ng). Nlne of the 22 DM animals-were. )

categorlzed as extreme~muscled ‘and 13 as phenotyp1cally

normal to moderate. Anlmals within the DM breed’group

~
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categorized as pheénotypically normal- to moderate&muscled

were considered to be carriers of "double—muscling" if they

had either produced double-muscled calves or vere 51red by

an extreme DM bull in the DM populat1on (Chapter I).

Blood sampl:ng and analyses
Each an1ma1 was restralned in a cattle squeeze and . 10

mL of venous\blood were drawn into a heparinized Vagutainer.

Thefsample was inverted several times and then immediately

"analyzed for ergthnocyte osmotic fragility by exposing the

whole blood to decreasing concentrations of buffered NaCl

solution. The degree of hemolysis at each NaCl concentration

- was measured colorimetrically by the autoanalyzer method

described by Gowdy and Koneman (1967).hNineceen buffefeé
NaC1-solutions, ranging in NaCl equivalence ffom O.QO'to'
0.10%, were used. These eolulions vere preﬁared by the
procedure described by Dacie and Lewxs (1958)
erythrocyte osmot1c frag111ty curve was calculated for each
an1ma1 by plottlng percent hemolysxs aga1nst percent '
concentration NaCl solution. | |

Mean corpuscular fragzl1ty (MCF) values (the NaCl

equ;valence produc:ng 50% hemolysis) vere 1nterpolated from

each animal's. fragility curve. These values wvere tested,for

significance by leaet squares analysis of var1ance for
unequal numbers (Harvey~1960),‘Sources of variance were
breed group (n=4),>phenotype/breed}gfoup,\sex (n=2), breed -
group x sex, age (n=4), breed groupvx_age and sexlx age,

Those sources of variance with significant F-values were
c i | .

-l



sUbiecteﬂ to Student-Newman-Keuls multiple comparison of
means (Steel and Torrie 198®). =
D. Reeulta and Discﬁssion.

The mean erythtocyte osmotic‘fragility curves for breed
groups are shown in F%g. II.1. Erythrocytes from the DM.
bfeed group were7found\td be more susceptible to osmotic
lysis than erythrocytee“from the SY, DY and HE breed groups.
The SY and DY breed groups demonstrated an increased
-erythrocyte osmotic frag1l1ty as compared to the HE breed
group. The DY breed group gave an erythrocyte osmotic f
‘fragfiity‘very\similar to that of the SY breed group.. The
least squares mean MCF values shown 1n Table II 3
demonstrate that the dlfferences in erythrocyte osmotic
fragility observed between the DM and otlier breed groups,
between the SY and HE,breedvgroops, ‘and between the DY aed'
.HE breed groups were significant-at the probability level of
P<0.05. Comparison’of.the ieast equares~meah MCF values for
the SY and DY breeﬁ groups show‘that'tﬁe erythrocyte'osmotic
fragility observed for the SY breed group was increased,
though,ﬁot,aigﬁificantly (P>9.b5), from that of the DY breed
group..Cattlefbreed group differences‘in-erythrooyte oamotic
'ftagility have been observed Sy other reseafchers'(Evanefand
‘Turner 1965). - The exact mechan1sm(s) of action account1ng L
for this breed group d1f£erence in- erythrocyte osmotlc

fragility is (are)- unknown. Cooper (1969) Ku1per‘et al.
(1971) and Sagawa and Sh1rak1 (1978) have shown that
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differences in enzymes associated with erythrocytes,

i’

erythrocyte‘mepbrane lipid composition and blood components
all influe;celthe osmotic.fragility ‘of erythrocytes. .

In this s\udy, sex was not found to influence (P>0. 05)
bovine erythrocyte osmotic fragility. The least squares mean
MCF values for gll fethale and male an1mals were 0. 493*9 003
and/0.§€410.005, respectively. Th1s non-significant T ow
influence of sex on erythrocyte osmotic fragility has also
been’observed in other species (Jaih’1973) |

The mean erythrocyte osmot1c fragility curves by age

- groups (Flg. 11, 2) demonstrate that the susceptibility of

erythrocytes to osmotic lysis decréased considerably between

the 7 to 8- and 43 to 79-mo age groups. Comparison of the

least squares meao MCF ‘values presentéé in Table I11.3 show -

that the decline in erythrocyge/osmoticAfragility between
the 7 to 8- and 43 to 79-mo age groups was significant at

P<0.05, However, thxs decline in susceptibility as animal.
[ i P

age 1ncreased dld not behave in a completely linear fashfoh‘/

For example, a non—s1gn1f1cant (p>0 05) decrease in a
erythrocyte osmotic fragllzty vas observed o/;ueen the 7 to
8— and 19 to 20-mo age groups followed by a large

significant decrease (P<0.05) in the erythrocyte osmotic

fragility for the 31 to 32-mo age group. The reason for the

sudden decrease in erythrocyte osmotic frag1l1ty between the
19 to 20- and 31 to 32-mo age groups, or the reason why

erythrocyte osmotic fragxl1ty decrgased as animal age -

1noreased remains unknown. However, Grlnna (1977) has c1ted
: %

N - . - . .

- | : -
— e e e
~ . . . .
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evidence to show that in rat s&életal muséle,and human red
'blood cells, membrane cholesterol, phospholipids and
saturated fatty acid copcentrat1ons increase dur1ng animal ’
ag1ng Ingreased levels of these red cell membrane
componentsqih humans have been shown to result in decreased
erytﬂrocyté osmotic fragility and altered membrane fluidity
and permeability (Cooper 1969). Certainly other éhanges do
occur during animal aging, for éxamﬁfg7hormon§1 and
enzymatic cﬁanges, but their interaction with plasma
membranes are not well uhdetstood (Grinna 1977).

No significant breed gréup X sex, breed group x age or
sex x agt interactions were observed for the data in this
stud . X : . -
| 7The least squares mean MCF values for the
extreme-muscled and~§henotybically normal- to

moderateemuscied animals from the DM population and for the

1

"

SY, DY and HE breed groups -are given in Table II.4. The
eﬁgzzie—muscledvnn animals demonstrated an increased 1
(P<0.05) susceptibility of their efythfd;ytés to osmotic _

iysis'as gbmpated to the phenotypically normal- to

moderate-muscled animals in the DM groupwand to the sy, DY |

and HE breed groups. Animals within the DM ‘breed group
catego:1zed as phenotypxcally normal- to moder&te muscled

"carriers of the "double-muscling” trait did not d1f§e§*

significantly (P>0.05) in tﬁéir erythrocyte osmotic ;;"

*fragility‘from-tﬁe SY or the DY breed groups. The
phenotypically normal- to moderate—musclgd Qg;aniﬁait did
s ) _ ol q

)

Bt T . . —An.v“ R e R I
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demonstrat® a significantly 95}0.05) increased erythrocyte

osmotic fragility compared_to the HE breed group. These

*findings are, in part, similar to those presented'by King et"

o>

al. (1976a). Their results showed a definite distinction

between the erythrocyte osmotic fragility of the

extreme-muscled DM animals and the "more or less

normal-muscled carriers" of the "double-muscling”™ trait

&£ : :
iffo 05) Howe?er, the data presented by King et al. (1976a)

also showed that both extreme muscled DM animals and the
"more or less normal-muscled carr1ers of the trait" had an
increased (P<0.05) suscept1b111ty of their erythrocytes to
osmot1c lysis, as compared to normal Charolais cattle. The |
animals used by King and assoczates (King 1975; King et al.
1976a) were from the sqme'QM population as those used in the
present study. Since all breeding cows in this‘DM population
were bred te affected DM sires“(Chapter 1), the.
,categorization'of ehimals'in_this.population as_hormallon
the criterioné according to King (1975),‘thet°they were [

"neither‘grossly affected nor siblings or parents of .

‘affected animals” is‘incorrect. In order for this

categor1zatlon to be correct for the "K1nse11a DM

populat1on, anxmals outsxde thzs populat1on woul@>have to be .

&«4."
used. As shown in th1s chapter, breed group and animal age

i .luence erythrocyte osmotic fragility, hence, selectxon of

gkt
I '\{.

an appropr1ate normal conxrol breed group and correct1on for.

'an1ma1 age are . 1mportant when exam1n1ng bovxne erythrocyte

. ) 3 . : ‘V :
.. .
~

osmot1c fr§g1l1ty.
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The overlapping of erythrocyte osmotic fragility
observed for tﬁe phenotypically normal- to moderate-muscled
DM animals, which would include any normal—musoled carriers -
of the major DM gene, has_also been observed for many of the
other characteristics associated with DMS (Oliver and
Cartwright 1968; Holmes and Ashmore 1972; Holmes et al.
1972e;‘b, 1973; Hendricks et al. 1973; Ashmore ef al. 1974;
West 1974). A'possible explanation for this overlapping
observed for the phenotypically mormal— to moderate- muscled
DM anxmais into the erythrocyte frag1l1ty range of animals
in the other breed groups uds that erythrocyte fragility may
‘be related’to the degree of phenotypic expression of
"double—musc;ing" and thus "normal” carriers would be
similargin exbression of erythrocyte fragility to normal
non—-carriers. Thdéiethe erythrocyte osmotic‘fragility test
used in the present;study cannot be/ﬁsed to unequivocally
/ 1dent1fy the carr1efs of "double- nusc11ng in cattle.

' The increase in erthyrocyte osmot1c fragility observed
for extreme—muscled DM lattle in this study and by King and
associates (King 1975; ;1ng et al. 1976a) is suggest1ve of
‘membrane_strgotunal alterat1one in erythrocytes, It is
conceivable thet‘the membrane fragility seen in erythrocytes
extends to membranes in other tissues and therefore may be
1nd1cat1ve of a- generallzed membrane defect in
doubléLmuscled cattle. The elevated levels of plasma lactate
: dehydrogenase (King 1975) the increased muscle | '

i

potass1um/sod1um ratlo (Lavrie ot al. -1964), as vell as the

-
- ] - =~
- ) ] . P
. . . [N
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degeneration and disruption of mitochondria, transverse
" tubulat system and sarcolemma observed in skeletal muscles

o

from extreme-muscled DM anxmals (K1ng and Basrur 1974; K1ng

‘nx ———

1975) also supports th1s hypothes1s. Other degenerat1ve
changes observed in the skeletal muscles from .
extreme—muscled DM cattle and to & lesser extent in carriers
were disorientationfof the cross strietiohs,‘disruption.and
degeneration of the contractlﬁe elements, rregmentation of
the myofibils, degeneration'ofﬂneuromuscular junotions,and
accumulation of glycogenwand'ljsosomes‘(xing.f975l. King
. (1975) steted:tbat‘these;chepges are common to human
E neuroﬁuscularmeopathies. These observations taken together
vith stud1es showing that alien 1nnervatxon of myo£1bers can
alter muscle metabolxsm and hence muscle flber type (Bullet
et al. 1960; Guth 1968 ﬂyth et al. 1968 Mair and Tome
1972; Fardeau 1973; Dubowrtz 1973 Swatland 1974) and the
| observatxon of altered 1nnervatxon of myof1bers 1n o -
extreme—muscled DM cattle (SVatland 1973), prompted K:ng
(1975~/to suggest that the hypertrophy and hyperplas1a of

muscles in: double-muscled cattle results from altered

/
neuromuscular contact at the membrane level whzch 1n turn

‘alters cellular metabolxsm. K1ng (1975) also suggested that
/'f the structural alterat;ons 1n the cell membranes in
;o extreme-mUSCIed and carr:er an1mals led to thzs proposed

,W: d;sruptxonrof neuromuscular contact However, the greater '_




“in ‘muscles maz'confbundbking's hypothesis.

Thus, it may be suggestéd that the primary ;lteration
caused by the gene or gehes £§;_fdppblefmu3c;jng" m;y be in
either a structurai or éhzymatic éompodent of the cell -
'ﬁembréne or may reflect an alteration in cell metabolism,
Vpossibly resdlting‘ffﬁh an endocrine a;teration in these
~animals. Further insight into the bioéhemicél altgration
| reéponsible f?r‘DMS,in cattle m3y~assist in the developmentxn

of an accurate detection method.for carriers of this

condition,
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Table II.1 Number of animals tested

,'30

’

for erythrocyte osmotic

fragility classified by breed group, sex and

'..,{.

age, -
. 'y . ’ o
Breed group Sex ,S Age (months)
g S 7-8 . 19-20  31-32  43-79
o F 4 4 3 4
DM u
M 6 1
] .
F 4 4 4 s
ey F |
M 4 4 1 \
| F 4 8 4 4 -
DY )
o M 4 1 1
x F % & s 4 4
HE. a |
B ¢ 1
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Table I1.2 Average breed percentageé"in the breed groups

Breed L Breed group
. M sy DY HE

Angus 39.3 ‘ 34.0 16.3 |

Charolais 13.9 35.7 0.6

Galloway 14.7 21.9 8.4

Hereford - 19.1 3.0 a3 100
- Limousin : 11.8 { 7 |

Holstein . S 30.6 | .
Brown Swiss N 1:1 - 5.2 ‘  29.7 |

Others 0. C0.2 9.9

' Calculated from those animals which were used in this
o study. =~ o _
' Includes Simmental and Guernsey.
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Table I1.3 Least squares ‘mean MCF' values + SEM by breed

\.

group and an1ma1 age,

Breed:group - - - - A~.-_.Animal§’» 5-~ MCF lﬁ—- - SEM- -
oM o __22” T 0.512a 0.006
sy 25 Fooases. o/.o"ti’s |
‘DY | ‘22” © . 0.490b \ 0'.6'0‘5
HE - 26 - 0.475¢ . 0.005

An{ﬁal age (months) o A | ‘T _ |

-8 T35 035092 - 0.004.
19720 - 26 0.503a - 0.005 -
31-32. | 8 0.487b - 0.007
43-79 . w1 0,477 0.006

Error mean{sQUa?e_ o o 0.00042.

' Mean corpuScular frag111ty. ,
Number of animals per breed or age group.- : ’ -
aECMeans in-the same column within breed group or age group
"with different. 1tal1c1zed letters d1ffer S1gn1f1cantly
~at P<0 05 L N .
?., 4
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" 111.° THYROID HORMONE CONCENTRATIONS IN DOUBLE-MUSCLED -
CATTLE, CARRIERS AND NORMAL CATTLE

A, Abst;ract .
Serum trijodothyronine (T;) and t%yroxine (T,)
concentretions were determined in 43 cattle of a Begef
synthetic (SY) breed group and 44 cattle of a
FDouble*MQscled" (DM) breed group. There were six age groups
« and two sexes\per breed group. Animals'witﬁin the DM breed
group were-categorﬁzed as phenotypically normal, moderate’or
extreme based~pﬂ the degree of pheﬁotypic,expressioﬂ of the
I-‘dpubleéhuscling" trait. éerum T; and T, cbncentrations
;rendedAto_decrease as animal age increased. Sex did not
signifieantly infruence'T;'end T concentrations. Serum T,
concentrat1on was S1gn1f1cantly 1nfluenced by the degree of
phenotyplc express1on of the "double-muscllng tralt with
"phenotyp1cally extreme~muscled ‘DM anlmals demonstrat1ng an
lzncreased T, concentrat1on as compared to phenotyp1ca11y
normal DM and SY cattle. Serum T, concentratlons in the -
-'phenotypxcally moderate—muscled DM. cattle were 1ntermed1ate.'
A non- s1gn1f1cant trend vas observed for the phenotyplcally
. extreme-muscled DM cattle to have elevated serum T.
concentrations-as gompared to the other phenotyPes, The
A'phe;otyﬁically moderaie-muscled DM;and normél SY‘cattle'
'ftended to be intermediate to phenotyp1cally extreme~‘and
normal-myscled bM sattle in serum Ts concentrat1ons. The
‘concentratzons of c1rculat1ng serum T, and T. observed in

1 R . . 7 - . . Lo
. . . - .

36



37

4‘4the phenotypically extremermuscled DM animals under the
experimental cond1t1ons of this study may suggest a
d1fferent response of the hypothalamo- hypophys1al thyr01d
axis to stress or an altered thyroid hormone metabolism in

-

this animal type relative to normal cattle.
. i )
\r.

ntroductxon

¥

The Double Muscled{ Syndrome (DMS) in cattle is an

nherlted abnormallty o skeletal muscle growth and

development characterlzed by 1ncreased ‘muscularity,

decreased fat deposxts andv1ncreased.suscept1b1l1ty to
,stress‘(OIiver and Cartwright 1963; Holmes and Ashmore 1972;
Holmes et a7. 1972a, b, c, 1973; Ashmore et al. 1974; WeSt -
1974). The fundamental biochemical-alteration.respohsible’ |
for the DMS in cattle is unknown. Several investigators
(Pomeroy and W1111ams 1962; szsac et al..1974) have
suggested that the pr1mary defect may be due to an’ endocr;ne
alterat1on1 6thers (Boccard ‘and Dumont 1974) have speculated
that the reduced collagen content xn the enlarged muscles of
DMS cattle may be the pr1mary cause of. the generalzzed
muscular hypertrophy. Klng’and assoc1ates (Klng 1975; Kxng

et al) 1976a) have presented ev1dence to suggest that: the

defect may be expressed at the cell membrane level

A somevhat similar cond1t1on of muscu1 hypertrophy R
and .stress. susceptxbxlxty, of whxch the eti logy has been e
more extenszvely studied, exists in stp€ss’ susceptible (SS)

'sw1ne;§Ashmore«1974)._The Ss_sw1ne h ve beeu reported-to
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: douhle muscled as comparedAtpenormal*cattle.<>

.Cr Materials and Methods
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v

have an increased erythrocyte osmotic, fragility (Harrison
and Verberg 1973) indicative of a generalized cell membrane
defect (Kiné éf al. 1976h)k;inoreesed serum thyroxine (T,)
concentrations (Eikelenhogm¢and Weiss 1972) and metabolic
clearance rates of tr110dothyron1ne (T ) and T, (Marple
1977; Marple et al. 1977) and an 1ncreased basal metabolic

rate (Williams et al. 1977). Marple et al. (1977) suggest

© _that the membrane defect, at least in the case of the
’%érooplasmic reticulum in S§ swine, is due to.an over

stimulation by thyro1d hormones as 1t has been’ shown that gw

N\

) thyroxd hormones alter the lipid compos1t10n and hence

flu1d1ty ‘and funct1onal1ty ‘of membrane systems (Hulbert et
al. 1876). It is therefore conceivable that an altered

thyro1d hormone metabohzsm may be comgpon to both DMS cattle
y &

and'ss swine. Py \

In the present stu\fg\serum T, and T, concentratlons.
>,

‘were measured as 1nd1cator@ of an altered thyr01d status in’

" The animals used in'this study'were from'The University

- of Alberta beef breeding’ herds stationed at Klnsella,

-Alberta. They cons1sted of 43 cattle of a Beef Synthetlc

(SY) breed broup_and 44'catt1e of a "Double Muscxed" (DM)

_ breed group:(Basarab et al. 1980) There were six}age-groups

and “two sexes per breed group (Table I111.1). Animals wlthln

‘the DM breed group vere scored on a subjectlve scale of 1

- S
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s
(hormal-muscling) to 5 Kextreme—muscling) based on the
degree of pﬁenotypic expression of the Ldﬁuble-muecling' »
trait. Animals receiving a score of 1 Fo 28 3 to 4 and 5
were categorized”ae phenotypically normal, moderate and
Lextreme, respectively. In the‘presenf study, enimals of the
DM population caéegofized:as phenotypicaliy normal to
moderate were con51dered carriers of {he "doublé-muscling” -,
conformat1on (Basarab et al. 1980; Chapter I). The SY breed
group was included as a normal-musclgdj;roup uhich showedv
greatest similarity in breed comp031txon and musclzng- and
fattening-type to the DM breed group (Bashrab et al. 1980).
Blood sampling and analyses '

Each animal was restrained in a catt%e squeeze and 15
. mL of jugular blood were drawn into a Vacutainer. After the
vb}ood_saﬁples had clotted at room temperature, ?erum'was
oBthined by centrifugation and stored at %20°C. All animals
- were sempled“within a perioé of two deys.fSerum |
concentratlons of T, and T, were detérmxned by
radxo1mmunoassay (Chopra et al. 1972; Calbldkhem 1975) and
unbound label was removed with dextran co}ted charcoal.
Statxst1ca1 analyses ‘ | ;

Serum T. and T. concentrations were ;ested for
s1gn1f1cance by least squares analysis offvarzance (Harvey
“1960). Due to the nature of ‘the mxss1qg Q}Jls in the T
exper1mental desxgn (Table III.1) the daﬂa vere analyzed in
three separate enalyses. 1. 3 to 4-mo olqhmales plus femalés o
acf&ssﬂa}i phénotipes, 2. 3 ;o 4- plus 27 to 28-m;ﬁ313“5‘_~‘-_-“L"*

3
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femalé§ across all'ph;notypes and; 3. females of the “J
moderate and normal phenotypes across all age ‘groups. 'H,
Sampling time 1nterva1 (0700 to 1000- 1000 to 1300— 1300.$
to 1600- and 1600 to 1900 hours) -and déy vere 1nc1uded as
sources of variat:on for each analysis. 'Those sources of
-variation with significant F-values were gubjected to"
Student-Nevman-Kuels multiple-comparisibp of means (Steel
and Torrie 1980).The correlation (S%eel aﬁd_To:;ie'1980)
between serum T, and T, levels acros§ all data vas also
determined. |
| o
D. Results

\‘The effect of animal age on serum T, and T, L
"concentrations ié_tepor;gd in Table 111.2. Serum T, ~ -
- coqceptratiohs decreased’as animai age incrgased, with
signkficgng'(P<Q.05)_decreases.ochrring betyeen-the'3 :6 4-
and 15 to'{67m6_59§ g;oups and between the 15 to 16- and 87
to 31i:mo.age.§roups. SerUm;I:~concenttati6ns vere - - s
signifigahgly (P<0.05) great;r.in;thé'ls to 16-m§;agé group
‘thaﬁi;'dllwqgﬁer age“groupsfexcepf for the 27 to 28-mo age
 _groﬁp. The éoncentrations in all groups other than fﬁé 15 to
16—m9 age group~were s;mzlat. ) | o

" sex, day of sampl1ng and time of sampiang had no .

s1gn1f1cant (P>0 05) . 1nf1uence on serum T, and T;

concentrat1ons. No 31gn1f1cant (p>0. 05) 1nteract1on effects |

I .
) 2

vere obse%yed .

/

£y

S,
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- ‘/“." “ '
Least squares means by DM phenotype and SY breed group

for both'the combined 3 to 4-mo old male plus female calves

and for the combined 3 to'4—iplus 27 to 28-mo old female

. cattle for serum T, and T.‘concentrations.are given in Table

» \

f v
I11.3. The serum T, concentration-was significantly (P<0.05)
greater 1n both phenotypically extreme- muscled DM ~groups
when compared to either the phenotyp1cally normal DM or SY

cattle. Serum T, concentrations in the phenotyplcally

_moderate-muscled DM calves did“mot«differ significantly

’(P>0;05)rfrom the other phenotypes with a mean serum'T,_
concentration intermediate to the phenotypically extremer
and normal-muscled DM calves. However,lthe serum T,

concentration 1n the combxned 3 tg 4- plus 27 to ZB mo old

.phenotyp1cally méderate-muscled DM female cattle ﬁas

s1gn1f1cantly (P<0 05) decreased as compared to the e
phenotyplcally extreme- muscled DM female cattle. The ‘
phenotyprcally moderate- and normal-muscled DM and normal SY
'female céttle dia not. have significantly (P>0.05). d1fferent
'sefhm T, concentratlons, though the least squares mean T,

concentratzon for the phenotyp1ca11y moderate DM cattle was:

ieleuatéhfover that for the phenotypically normal DM and

-~

normal SY femalé cattle. Mean~serum T, concentrations'by.
pPhenotype were variable and not significantly (P>0.r")

different. However, a trend was observed for the T,
b - .

‘concentration _to be‘greater in the phenotypically

’ extrene-mua‘led DH“cattle (P<0 1 in the case of” the 3 to'

4-mo old male plus female calves) as compared to the other

S N . .
\ L E o - o et .’ .
- L , . : : L . . *



"'DM phenotypes and the SY cattle, witﬁ phenotypically
moderete DM ‘and normal Sx'cattle being intermediate.”

| Least sqoares mean serum T, and T, concentrations in
the moderate- %nd normal-muscled DM phenotypes and the SY
breeo group for females over all age érzups are given in - >
 Tab1e I11.4. Aoroes age groups the serum T, concentration
. for the phenotyplcally moderate DM female cattle was
s1gn1f1cant1y (P<0. 05) 1ncreased relat1ve to the normal DM
phenotype. The SY female cattle over all age groups did not
differ significantly (P>0.05) in their serum T,
concentrations from the ‘phenotypically moderate and normal
DM female animals. Serum T. conéentrations by‘phenotype.
(Table 111.4) were not significently (P>0.05) different,
though egaih leaSt-squares mean serum T. concentrations for
the’phenotypically moderate DM.and the normal SY cettle were
eievated over those for phenorypieally normal DM cattle.

No significent (?%0.05) correle;ioo.wae observed.

.between T,'end'T; conoentretions,from the same serum sample

(r-or20).

. E; biSCussion‘_ o . ) , . .

- The serum T, and T, concentratlons observed in the

- present study for normalvmuscled carrlers of .
"double-mu5c11ng and normal SY cattle are w1th1n the range )

(Kallfelz and Erali 1973 Kahl et al 1977 Strath et a]

1980) Serum T,,‘and to a lesser extent serum T.
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concentrations observed for extreme DM cattle tended to be
hioher than the literature values reported for normal cattie
of similar ages.

Animal aging is known to affect plasma concentrations
of T, and T, (Kallfelz and Evali 1973) as well as secretion
rates and rates of metabolism of ‘thyroid hormones (Hales et
al. 1976). From the second day to the fourth or fifth month
“.of 11fe in calves, both plasma T, and T, concentrat1ons ,

vgradually increase to 1.4 to 1.5 ng/mL ‘and 50 to 60 ng/mL

x‘Jrespect1vely (Kahl et al._1977). Thyro1d secret1on rate per
unit body weight has been shown to increase during.the first
six to nine months of life 1n lambs (Falconer and Draper
1967). In adult sheep thereais a gradual decrease in thyroid
output with 1ncreas1pg age (Falconer and Draper 1967).
Slmllar age related trends in plasma T, and T.
concentrat1ons have been observed in other mammalian‘Species'
(SlebodzinSki 1965; Fisher and Odell 1969' Nétﬁanielsz 19655
Nathanielsz et al. 1973- Abuid et al. 1974; Erenberg et a1
1974; Dussault and Labrre 1975; Hales et al. ]976) The'age~ ‘
related changes in serum T, and T, concentratzons observed |
"1n the present study are similar to those reported in the'
l1terature. ' )

Ev;dence bas been presented b} Larsen (19l2):that ]

elevated serum T, concentrat1ons are a good 1nd1cator of

thyrord hyperfunctlon. Thus, the 1ncreased serum/T, level
observed in extreme-muscled DM cattle 1nd1cate that thls
an1ma1 type has a ngre act1ve thyrord relatzve to %arr1ers
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of the "double—muscling" trait and to normal non-carrier
animals.'However, serum levels of thyroid hormones have not
been conclusive in assessihg thyroid status (Marple et al.
1977) and rates of“hormone“utilizatioa,or,metabolism are a
more’effective criterion.. \ . | o

In the present Study, serum T, ahd T, concentrations
wereldetermihed from blood obtained by_venipuncture.
Emotional stresses induced by confinement,'isolation, noise
or discomfort have been shown to result in increased thyroﬁd

est that double*muscled

hormone secretion'(Falconer and Hetzel 1964): Strath et al.
(1980) have presented data which sugg

cattle have an abnormal thyroid response to varxous

stressors_(for<example, heat and nutrztzon) Holmes et al

(1972a) observed'that the double-muscléd«genotypes of‘cattle

were more temperamental Therefore, it could be suggested
that the trend toward a decreased serum T, and T,
COncentrat1on in. normal- compared to extreme—muscled DM

' cattle in the present study, may reflect their |

susceptibility to stress. In short, animals manifesting the

"double-muscl1ng"tra1t in cattle may have a lower thneshold‘

'of sens1t1v1ty to stlmulatlon than normal cattle. However,
Strath et al. (1980) have ‘also. shovn an elevated ‘resting

‘serum T, level in. extreme DM cattle relatlve to carriers.

This 1nd1cates that the elevated serum T, levels»observed in'

extreme DM cattle—in the present study, may be due to more
‘than the 1nducement of hand11ng stresses, poss1bly a |

.'hyperactxve thyroxd
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The intermediacy of serum T, and, to a lesser degree,
serum T concentrat1ons observed for the phenotypically
moderatey@ﬂ;cattle is characteristic of many other traits
asseqieteaJwith DMS in’catele (Oliver and Cartwright 1968;.
Holmes and Ashmore 1972; Holmes et al. 1972a, b, f973;
Hendricke.et al. 1973; Ashmore et al. 1974; West 1574).
Since phehotypicaliy normal and moderate DM catt1e in¢lude
any notﬁel-muscled carriers of the major DM gene, it could
be suggested that sefum T, end T, concentrations are relaﬁed
to the\degree of phenotypic expression of the |
"double-muscllng" trait &nd thus would overlap into the
serum T, and T, range of normal non carriers (e.g., SY breed
group). However, the S1gn}£;cantly:(P<0.05) elevated serum .

T, and the trend to have elevated T, levels observed in the,

.phenotypically extreme DM cattle does suggest that these

anzmals exh1b1t a c1rculat1ng thyro1d hormone pattern A

¢

 different from normal cattle under the present exper1mental
=cond1t1ons. Whether this d1fference is due to an 1ncreased

hypothalamlc response to stress or due‘to an altered thyroid

hormone meFAboiism remains obscure. Subseguent studies,

 eqriied out partly as a result of’ghe_preSent'study,
ﬁreveaied thatfextreme-mueeled DM ceftlelﬁave-envincreased
,metaboiic?tate, T, pooi size and T, irreQerSible loss
'reiatiVe4tp‘carriers of "dguble—musqling'_(Strath et al.

1981), suggestive that this enimal.type is hyperthyrbid;



‘Table III.1 Number of animals measured for serum-

triiodothyronine and thyroxing concentrations
classified by breed group, phenotype, sex and

46

age. . A
- - -ﬂ->w->-A - Age>(months)'_‘_:-
3. 15 27 39 51 87
Breed to to to to to to
group  Phenotype Sex 4 16 28 40 . 75 111
. ~F 1 "3
DM Extreme : '
: "M 1 |
F 5 -2 1 3 .2
. DM Moderate. S : _ -,
, S M .' 5 , .
DM - Normal ‘ : ' : : B
M ‘3‘- . X
e ~ F. 7 8 5 4 6 4 -
SsY = ~Normal . . TS N
Y ,
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(S ’
Table III. 4 Least 'squares means % SEM of serum
‘ “'triiodothyronine and thyroxine concentrations in
the moderate and normal DM phenotypes and the
‘normal SY breed group for females over all age

groups.v
_ —~ ‘

Breed group E Phenotype' Triiodothyronine - 'Thyroxine
. | (ng/mL). - (ng/mL)
DM Moderate 2.07 t 0,243 50.8 = 4.6
DM Normal 1,38  0.22b  44.8 : 4.4
sy Normal 1.77 £ 0.23ab  54.8 * 4.6

'Error mean 5guafg ' . - 0.2336 .9.3890

,"Based~on a subjective score for muscling.,
abMeans. in the -same column with differemt italicized letters
d1f£er S1gn1f1cant1y at P<0.05. _
. '. s;;

. .

Lt
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IV. THE LIPID COMPOSITION OF ERYTHROCYTE MEMBRANES FROM
DOUBLE-MUSCLED CATTLE AND NORMAL-MUSCLED CARRIERS

A. Abstract ‘
Thds.srudy compared the lipid composition of o
erythrocyte membranes from 11 phenotypicaily extreme~muscled

- and 11 phenotypically normal-muscled cattle of a .

; N

"Deud}efuuscled” (DM) breed group. There were two age groups

“wzthzn each phenotype. The lipid class:

».the fatty acid patterns of the total

A*;Dfit;v;g ' '.;sph1ngomye11n and phosphat1dylethanolam1ne

T fractiodﬁxbn e ytg!ocyte membtanes vere found to be _
s1gn1f1caht1y xnfluenced by both sex and age of the animal. iii‘
The'dlstr1butan of cholesterol and of the”d1fferent

: -moledular»speciee of phospholipids in erfthrocyte.membranes
from phehqtypieaily extreme- ‘and normai-muscled bM'cartie : ‘f
~Vere similar, Extreme?muscled.DM dattle deﬁonstrated7

v

"szgn1f1cant dxfferences in the fatty ac1d composxtion of

~~e4ﬂﬂmﬂ1’3?§?;;;:;::\membrane sphxngomyel:n and o

phosphat1dylethanolam1ne fractxons as compared to /

- .

o normal-muscled carr;ers of the ‘double-musclzng traiE The
most . notable d1fferences were in. the relat1ve concentratzons

eﬁof 16 0 and 1821 in sphingomyelin. The fatty ac1d

~

compos1tlon of erythrocyte membrane sph1ngomye11n from

N

.extreme-muscled M cattle demonstrated szgnxfxcantly "i-f,—,

j1ncreased relatxve concentrat:ons of total saturated and

ttotal polyﬁhsaturated fatty aclds as- well as a decreased -

. o .' ; b";;'-‘:_“v_' h L ..»’ i .va, : ., B . .. P ,\._.
A e 50

- . e . e T Tative 0L . .. -
. o5 w . . -, . . y . L .
o el TN e
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relative concentration of total monounsaturated fatty acids
. as oompared to normal-muscled carriers of "double-muecling".
EAAsimile;_trend_was‘obserVed in the_propo:tions‘of gotal_
saturated and total monounsatureted fatty acids in the
- erythrocyte membrane phosphatidylethanolamine of ~

extreme-muscled’ DM cattle. The phenotybio differences -

observed in the present study support the suggestion that o

‘double-muﬁﬁled cattle may>have structural alterations in
their erythrocyte membranes. These £1nd1ngs may also be
1ndlcat1ve of a generallzed membrane alteratxon in cattle

exhibiting the Double ‘Muscled Syndrome. oJ

¢

It has been suggested that the Double Muscled Syhdrome
N~

in cattle is.associated with a generalized membrune de
(King'1975; King et'alﬂ1976a).:neeults obtained'previously

by Lawrie et al. (1964), demonsttating an increased

.1ntramuscular potassxum sodium ratxo, can also be o

: :1nterpreted as evidence for an altered cell membrané in

cattle exh:bxting the Double Muscled 8yndrome. The’ red blood
cell, by vxrtue of its ease of pteparatxon and 1solatxon and
.laek of subcellular organelles is an excellent membrane for -
1nvestxgat1ng thzs proposed membrane defect Ring et al. -
(1976a)vand Basarab et al. (1980) have demonstrated an

: .1ncreased erythrocyte osmotlc frag111ty in phenotyplcally
extreme DM cattle as compared to carr;ers of the syndrome

(Chapte; II) Erythrocyte osmot:c fragxlaty is closely



.associated with the lipid composition of the erythrocyte
membrane (Cooper 1969; Kuiper et al. 1971; Nelson 1972; Van
Deenen and De Gier 1974; Sagawa and Shiraki 1978). Thus,
>'dbub1e-muééiédAcattle @af.exhibit alter;tidné in.the lipid =
composition of th;ir erythrocyte membranes. The purpose of
the present study was to examine the ligid composition of
the eqythroéyte membranes from phenotypicai&y .

extrgme-muscleé‘and phenotypically normal-muscled cattle

from a "Double-Muscled” (OM) population,

‘C. Materials and Methods ,
:ngnty-twé cattle from a DM brgid grouﬁ, mainiained at

'1f’ Univeraity of Alberta Beef Research Ranch, Kinsella, ..
zz:eréa,‘iere chosen for this study.-EIégen of these animals
were subjectivelydfaiegofized as phenotypigally‘_.j »
extreme-muscled and 11 as Qhendtypically r{ormal.-niuscled,
based on the degree'of phandiypic expression of the "double
muscling” trait. Animalg categor1zed as phenotyp;cally
normal-muscled vere carriers of the "double—muscl1ng tra1t
. since they were offspr;ng of anlmals which either expr;ss
the trait or’ have produced offspring of aAfdoqble-musclgd"

. typé"(chapter’i) There wére’tn6 age and two sex groups o
within each of the phenotyp1cally normal- and '
extreme-muscled groups. T '_ NS ‘
Blood sanp11ng and erythrocyto me-brana preparatxon | o

\> \
Smxpy mL of jugular bloqd‘were draun,f:om-each animal

-

jpuncture equaiiY”dispetsed ipto three heparinized

e
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T . . | .

5

.Vacutainers, Erythrocytes were immediately separated from
plasma Sy»centrifugntion at 1000 x g'&or 10 min at 20°C. The
plasma and part of the buffy ¢oat. .were removed by careful
aspiration. Erythrocytes vere suspended in 310 mesﬂ (ideal
milliosmolarity) 1soton1c tris buffer (0.172M, pH 7.6, 4 C)
to an approximate hematocrit &f 50%X. The three erythrocyte
suspensions from each animal were gently invérted several
txmes, pooled and placed on ice. The procedures for washing
the erythrocytes and preparation of erythrocyte membranes
‘are described in detail by Hanshan and Ekholm (1974). The
initial hemolyzing buffer (20 imOsM tris buffer, SmM
‘MgCl,.6H,0, pH 7. 6, ¢ C),‘used in th1s study, conta;ned
MgCl, whzch has been shown to prevent membrane fragmentat1on

and loss of,memb;ane lipid and ‘proteim ik bovine . ®

erythrocytes (Hanahan and Bkhélm 1974). Er;throcyte membrane
_ préparation yas carried out im triplicate ;sr anim;l and vas
,.completed on the same déy as the blood’ samples uere‘
collected. - o
1';¥$raction aﬂdfmnnlylcs cf‘icnbrincxlipid -
o The three erythrocyte membrane prep'fatxons per animal
. . were transferred to a 50 nl screw-capped glass tube using a
total of 2 mL d:st:lled deionized vater. The 11p1d portxon
;of esach preparatiom;vas twice extracted vzth 15 mL
chloroform-methanol (2‘1, v/v),,vxth ceﬁir;fugatxon at 1000‘
x g for 5 min ‘at 20°C aftér sach extractxon. All solvents
S' used in sample preparatxon 8ﬂb 1ip1d separatxon were |
fput1f1Q§ by dxst;llatnon.»Thc ahlorpformgphases.from each |
AR S

»
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animal were pooled and‘evéporﬁged'to dryness under nitrogen.
~The ‘erythrocyte membrane lipid Samples were\stored under
nitrogenAin 1 mL chloroform-methanol- (2:1, v%jl/st’ffﬁ‘tﬁ~\\_
until analyzéh ;; “ ‘ S . -
An sliquot of %he erythrocyte membrane lxphd sample
from each an1ma1 was used for l1p1d and phospholxpld class
separation and determznatxon using an Ia}roscan TL 10 Mark
;II Analyser (T.M.&. Scientific Supply, M1ssxssauga, Ont. )
thin-layer chromatogrephy“TLC)/flame 1onizatlon detection
(FID) systgm (Newman 1978; Sipos and Ackman 192?, Tanaka et
. aI; 1979; Van Tornout et al. 1979). Silica gel coated rods

(Chromar(éﬁﬁi-II Technlcal Marketxng Assocxetxon;Sc"ntif:c

Supply, Missxssauga, Oont.) vere used for the TLC separatxon

" of «the 11p1d and phospholipdd classes. Lipld samples (1r2

uL/rod) vere spotted, in dupl;sate, on-a set of 10 . )ﬁffuf”
chromarods, developed for 1 h in chlorofor‘&pethanol-wateﬁ

¢, v
(80:35:3 .%) and scanned on the Iatroscan TH-10 Mark II

" Analyser for determ1net1on of 11p1d andnphospholup:d{dfasses////
‘(Nevman 197@ Appendix 6 and 7). Individual areeswexpres

‘as & percent of total peakﬂ%rea were measured Wit a Houstdhs
.Model 85217 2—pen flat- d chart recorder. Correctlon
factors for chronarod and run var:at1on eyd response of esch‘
lxpxd ‘were determxned and appl1ed accoﬁalngly. An exemple of ‘f
the determr?at1on and qppl:catxon o£-correction fectors is

ngen ‘in Appendices 1, 2 and 3. sﬁhndard cholesterdl and
f:f‘ bov;ne phosphatidyld‘hanolamzﬁd§ phosphat;dxlserlne,

*

phosphatxdylcholzne, p@gs f”.adylfhosztol and sphingonwelin .
4o S | hu';;{ : \“. o ,“s& :

o L U &

- [ A . . N - b - 'y :
SR S e \ DRI (. o
: B . ua B o - . : Ao

~
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L]
(Applied Science, Rexdale, Qﬁt ) were used for lipid

1dent1f1catxon and determ1nat1on of correétlon factors

ey

‘(Appendices 1, 2 and 3). Y”N" o ’ . . o
. The rehainder of the erythrocyte Membrane'lfpid'sampie'

~was used for_TLC\separation of cﬁplesterol‘and the . .

phospholipid classes. Tota1 phospholipid sphingomyelin.?nd

phosphaE1Qy1ethanol.m1ne vere scraped from TLC plates,
\,‘
ester1fae§~and the-‘ht(y acxd prolees of each determined by

gas-}:ﬁﬁad dkfﬂ;rtography (6Lc). a;her erythrocyte membrane
.. #osphegibi

? Ll “?
ey Q

'Sdfian*because of the 1mpract1ca11ty ‘of obtaining the

clasges were not analyzed for their fatty ac1d

TS

\{" -
11“

{;Terga.quehtity of blood requxred for thexr accurate
;aneiyses. Further, " sph1ngomyelxn plus

} ermpsphat1dy1ethanolamxhe account for apprOxxmately 90% of

: the phosphol1p1ds in cattle erythrocyte membranes. ‘Both
11pxd and fatty acid percentages are caloulated on- dhne1ght
b331s. The methbds for TLC® separat;on of the 1§81d classes,'

3ester1f3¢htzon of lipzd classes and\pur1f1cabxon, separatxon

;(GLC) and 1dent1f1cat1on of the fatty ac1ds were as//
descrlbed by McClymont (1979) and Renner et al. (1979),

Throbghout this chapter ‘the; fatty ac1dsﬂy111 be

-~Eexnd1ceted by the general slog;hand fornbof XX: x,buhere XX

rxndicates Qhe number of- carbgz atoms - in the molecule and X

-efter the co%;? 1nd1cates the number of double bohds 1n the

‘molecule. - %% e Jiﬁ--[-* N

-
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Statistical a alyses ‘ T ' g

The percentage of each . lipid class and the percentage
of individual fatty acids in each of the erythrocyte
membrane total phosphol1p1d -phosphatidylethanolamine and

sph1ngomye11n fract;ons were statistically analyzed;by leagt

I

squares analyses of varzence for unequal numberg
1960). ‘Sources - variation. vere phenotype (% 4

age (n-2), their 1nteract1ons ‘and anxmals w1th1 phenotype x

sex x age. Those sources of variation w1th s1gn1£icent X
‘F-values were subjected. to, the Student-Newman Kuels mu1t1p¢:
ridnge test (Steel and Torr1e 1980). ‘ ~€!1

- t . . /
. V X} ° . .. o o
D. Results . _ _ . ) R j
Cholesterol was the only neutral lipid and. ..{“f -
phosp tadylethano}amlne phosphat1dylser1ne, 3’ ,,if'-
phOSphat1dy1chol1ne and sphxngomyelln were the onﬁy | ;“ R

phispholxp1ds detected in the erythrocyte membranes from
cattle'of the DM breed group. Sphlngomye11n uas the
predomlnant phospholzp1d fqgi. in the’ membranes accounting
for 65 to 68% of the total phos%hg}xpygqu?ctzon The mean
concentranons of the lapxd and .gosphohpxd classes 1n ‘
“4> erythrocyte membraneS‘by sex age and phenotype are
presented in Table Iv.1, 51gnzfxcant (P<0101) dlfferences
were observed in the phosphol:pzd class compos1txon o&
,.enythrocyte membranes by sex and age. The percentage gf
sph1ngomye11n-was 51gn1iicantly (P<0 01) lower in female as

compared to male cattle whrle phosphatzdylcholxne was

14
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significant;f (P<0.01) lower in the 9 to 22-mo age group a$
compared tb khe 33.to 46-mo age“group. All other lipids

expresSed as g-percentage of tétal lipid by sex and age'fbr
~cattle of the DM breeGIQroup were not significantly (P>0,05)
different. NQ.sznificant_(P>0.05) difference was observed

in the erythrocyte ﬁembrane‘libid'class éompositioh befween
phenotypically normal-muscled DM carriersvand phenotypically \f
'\extremé-musciéd cattle. | |

The influence of sex_on,fhe'fotal phospholipid,

PR

sphingomyelin and phosphétidyletﬁanolamihe'fgtgy °§i¢??5?‘

cqmpos'it}g;l\)- ofy arythrocyte membranes is repo;t?e"‘;a’:nhbl;v‘
IV.2..Female Animals had significantly (P<0.05¢§§£§?§(%w7ff“" .
concentrations of 18:2 and 18:3 than male anmals%:ge‘}l

.thfee pﬁéSphoiipid gracgiong. Erythrocyqb_memb:anes".:h?f xﬁ}i 1;
‘ N \!3’7;’:

}female animals‘also‘had;significantly QP€0.d1) inqgg&éed{
concentrations df.1¢:1 gﬁd;jS:Q‘in the total pﬁoséholipid
fractibn, signifiéantly 5f<0.05)decread!g‘concéhtratioq§~6f

15:9l/15;15ﬁi7:Q and 2§; .in Fhe sph{ngOﬁ’!§ip fraction and
siéhifipantly (é<b.05)-incréased concentrations of 18:6'and i

l24:0\and a‘significanély (P<0,05) decreased concentration of

. 2471 in the phosphatidyLéthanolamine “fraction. These

diffq:énces aré‘féfiécted in -the significantlfl(P<0.01), g
,'inc;éased concentratipnabf saturétédﬁfhtty acids,and‘ ' q'
- Significantii_(y<0,05) dgéreasédwcohcentratibp of< | e v

fpolyunéatﬁéfted fatty“acids:of the phbspholip}dhféactions in
erythrocyte membranes fromviéiaqu&%,tomparéathjﬁaie_.

. . ‘ o . ‘ );K’I . ._‘. ] S i
N LR . B . . - = . ™
R . . . . . . T . w~. - . .
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Table 'IV.3 presents the influence of animal age on the
fatty-ecid composition of the erythrocyte membrane total |
phospholipid, sphingomyelin and phosphat1dylethanolam1ne
fract1ogs. The concent:xtaon ‘of 1823 and 22 5 were
s1gn1£1cantly (P<0. 05) apcreased in the 33 to 46- as
compared to the 9 to 22-mp age group for all three
phosphol1p1d fractions. The fatty ec1d&;attern of ok ¥
phospholzp1d also conta1ned a s1gn1f1cant1y (P<0.05) . lower\'

concentrat1on of 16:0,° 17 0 20 5, .24: 0 and 24:1 and a

_significantly (P<d¥'§)°ﬂhgher concentration of 18:1 and 20 4

for the 33 to 46- as compared to the 9 to 22-mo age group

Erythrocyte membrané sphzngomyelxn from the older age grogP

- contained 51gn1f1cant1y (P<0. 05) 1ncreased concentrat1ons bf.

1

14:1, 15:0,.15¢1, 20:5 and 24:0 and a sxgn1f1cantly (P<0 65)

‘decreased concentratzon of 18:1, Phosphatldylethanolam1ne -

from the 33 to 46-mo age group contalned s1gn1f1caq£ly,
(P<0 05) 1ncreased concentratzons of 14:1 and. -20: 4 and |

51gnzflcantly (P<0, 05)~decreased concentrations of 16-0
' ?

. - .
. 16:1, 18:0-and 18:2 ‘than from the 9 to 22~mo 'age gyoup. A

’polyunsaturated fatty ac1ds was demonstrated for all three 5

:sxgnxfxcantly (P<0 05) 1ncreased concentratlon of the

phosphol1p1d fractlons in erythrocyte membranes from the
oldet/age group, OnIy 1n the sph1ngomyel1n fraiifon were the

changes 1n the monounsaturated fatty ec1ds consxstent enough

s

5 to' #lt 4n a s;gnxhcantly (P<0 05) decreased proportlon

o

S-SR

>,

1n the}egabx as compared to the younger age group. Tﬁe
’r’&,)‘* s "‘

’”

e.?"“c

Cu

v

U,

‘ concentrattgn of-tﬁ@ total saEhrated fatty ac1ds 1n the . o
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to%ﬁl phoSpholip;d fractionafor the older age.grOUptwae
significantly (P<0.d1)ldecree§éﬂ as compared to the younger
‘aah\?roup

' The fatty acid compos1tlon of the erythrocyte memﬂﬁane
total phospholxpld, sph1ngomye11n and
.phosphat1d’1ethanolam1ne fractions by phenotype are reported
in Table 1IV.4. The fatty acid. composition of the total
phospholipid fract1on by phenotype d1d not dlffer
sxgnxflcantly (P>0 05). However, 51gn1f1cant (P<0.05)
d1fferences were observed 1n the fatty ac1d compo51t1on of
theé erythrocyte membrane major phosphollp1ds by phenotype.
Erythrocyte membrane Sphlnggmyelln from phenotyp1ca11y,
extreme-muscled DM cattle contaxned 51gnif1cant1y (P<0.05)
increased concentrat1ons of 14 1 15 0\ 153 1 16:0 and 18 3
and a 51gn1f1cantly (p<0. 01) decreased'concentratxon of
.18:3.‘These d1fferences 1nlfatty acid compos1tzon’of‘
sphingomyelin’ from ex'treme—&cled DM cattle are 'reflected
in the significanti@ (P<0 05?'increased concentﬁ&&ionslpf
. the saturated and polyunsaturated fatty ac1d;'and;the.
srqq;fxcantlg (P<0 01) decreased qoneentrat1on of the . .

f monoansaturated £atty acxds in these anlmals. The (

“ erythrocyte membrade phosphat1dylethanolam1ne from
extreme-muscled DM cattle had 51gn1f1cant1y (P<0. 05) -
1ncreased concentratzons of. 162 0 '18:0, 18:2 and 18:3 and a*
srgnzfzcantly (P<0.01) decreased concentrat1on of 20:4 as
comparealto thé phenotypmally normal—muscled carrxers. The

v

‘:total satura;ed and mono- and polyunsaturated fatty acid

f.; :
\/ :



'compositions in the phosphatidylethaholamine fraction by
phenotype were not significantly (P>0.05)ldifferent. The
total seturated ahd’mohounsaturated fatty aciGJgomposjtion
ih”theferythrOCyte membrane’phosphatidyleth!holamihe'by
phenotype showed the same trend (P<0.1) as was observed in

'ymembrane sphingomyelin, although there were g%'31fferences

in the. relatlve amounts of polyunSaturated fatty acids,
2 '

| %. Discussion | »
The lxpxd composition of erythrocyte membrenes from

cattle of the DM breed group observed in the present study

are s1m11ar to those repgfted in, the 11terature fbrvcattlé. ’

NumerouS'workers (De Giervand Van Deenen‘1961' Nelson

1967a, 1967b 1872;. Sueeley and ngson 1969 o Kelly and $11Ls

- I ]

1979) have rﬂﬁirted that the neutr&l lipid fract1on of
¥ gg,& .
erythrocyte membranes from varlous spec1es, 1nclud1ng

cattle,.cons1sts almost exclus1ve1y of cholesterol whxch o
accounts for 30 to-40% of the total 11p1d. Vary1ng amounts

of neutral lipids other. than cholesterol had been reported

- in earlier studles ‘but it is now. generally agreed that these‘=

11p1ds arose from the fa11ureyto*comp1etely Eemove

contam1nants such as ret1culocytes, leukocytes, platelets ‘

”

fand plasma 11poprote1ns from the erythroqyte membrane

(

'preparatmn (Sweeley and Dawson 1969' allrvelscm 1972) L |

' The erythrocyte membrane lipid of various. lchies ;M o
cons;sts of approxxmately 60% phosphol1p1d and - 1n the case

of cattle,~6ph1ngomye11n is the predom1nant phospholipld
L e . . .



61
ﬁ .
.with iittle.or‘no phosphatidylcholine (De Gier and Qan
Deenen 1961; Nelson 1967b,1972; O'Kelly and Mills 1979). The
‘ phoepholipid composition of erythrocyte membranes from a%}
.cettle in the:preseht”etudy werevwell within the range~of

those reported for cattle in the literature (De Gier and Van

oV

‘1Deenen 1961; Nelson 1967b,1972; Van Deenen and De Gier
1978). . | |
The f%;tx atid composition of the‘erythrocyte membrane
total phosph%iipid and phosphatidylethanolamine from cattle
in the preseﬁt study are similar to. the l1terature values .

LY

for cattle A(Nelson 1972; 0 Kelly and Ml{if 1979) while that™
- for’ sph;ngomyelxn was somewhat d1fferent L1terature values
for the- fetty aciad compos1txon of erythrocyte membrane
sphxngomyelxn from man as well as bovzne are inconsistent,
pertlcularly for the relatzve concentratxons of 18: 0, 18:1,
18: &an&a4~o (Rouser et al. 1968; Nelson 1972; O'Kelly and
._lels 1979 Quinn and’ Chapman 1980). The reason for this
discrepancy is unknown, though factors suq s breeo. age,

sex, nutrition- and enxmal type may be invo ved (Nelson 1972-

" 0'Kelly and Mills 1979).

_ Theoretxcal values for: the fatty acid composxtlon of
'erythrogﬁke membrane total phospholipid fractxon were
determ1ned by u!xﬂg the data from Table IV 1 and. IV.4 and
gthe fatty aéﬁd composition of cattle erythrocyte membrane’-
’.phosphatxdylserzne and gposphatidylchol1ne reported by
0! Kelly and Mxlls (19795 These theoretxcal values were

"»compared to the observed fetty aczd compos1t10n of

A




erythrooYte memorane_toﬁel‘phospholipidvby phenotype (Table
I1V.4). ihe theoretical values are in'relatively.cloae .
agreement.witn the_observed vaiues for norma1~m05cledvDM
’cattle. This was not so for-the theoretzcal versus the
observed fatty acid compos1tlon of erythrocyte membrane 15"
total phosphol1p1d for extreme-muscled DM cattle, "
particularly in the case of 1610 -and 18:1. Two explanations
:maglbe'brobosed vhich may contribute to this‘aiscrepanoy. ’
The error involved'in the calculation of these fheoretical
.values is too great or ﬁhe fatty ac1d comp051tlon of
erythrocyte membrane pho phatzdylserlne and
phosphat1dy1chol1ne in e treme-muscled DM cattle is- greatly
altered. The latter seems more plausibde since the

- theoret1cel values are similar to the.obsenyed values for- 5_

‘normal-muscled cattle.’ - - °

‘Significant differences -in the phosphol1pzd class o j
' composxt1on and the £att# acid compositron of the o
| phospholxp1ds in erythro yte membranes from female and mele
T cattle of the DM breed g oup vere observed in the present ‘
o udy. As far as the au hor is aware, no detnlw studies
'ﬁave reported the 1n£1u7nce of sex on erythrocyte membrane

3

l1p;d class cdnp051t§on adﬁ phosphol1pxd fatty acxd

e

;composit1on from cattlel Sex related d1fferences in the
' -,11p1d compos¢tzon ot plfsma 11poprote1ns (8k1psk1 1972) or._'

Thormone status (Grodsky 1977) may lead tb dszerenoes 1n

i [
~erythrocyte membrane 1mp1d)composxt1on betveen sexes.

*szferences could arxse dnr1ng the de novo syntheexs of
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erythrocytes (Nelson 1972) or later due to exchange of

lipids between plashe lipoproteins and the erythrocyte

‘membrane (Dise et al. 1980). o SR

In the present study, many age-related changes were
observed in the lip:d composition of erythr0cyte membranes
from cattle of the DM breed group. In: a prevxous study/ |
(Chepter 11), the erythrocyte osmotic fragll1ty was observed

to decrease during dging in cattle of various breed groups.

Changes in the lipid composition of the erythrocyte membrane’

'are known to alter er throcyte osmot1c fragility- (Ku1per et

ah. 1971; Sagawa ahd Sh1rak1 1978) as well as the flu1d1ty

> a¥ wo

and permeab1l1ty of the erythrocyte membrane (Cooper 1969)
Lower erythrocyte osmotlc frag11ity has been assocxated w1th

an increased erythrocyte membrane cholesterol/phosphollp1d

»~

ratio, ‘with increased relat1ve concentrat1ons of .

'

cholesterol phosphatxdylcholxne and sph1ngomye11n, and moss

profoundly, with an increased copcentrat1on of 18:3

'accompenxed by a decreased concentrat1on of 16:0. (Kuxper et

e
e

ai; 1971- Sagawa and Shiraki 1978). The dxrectlon of change "

cin- the relat1ve3§gncentrat1ons of erythrocyte membrane

. ~phosphat1dylcholin!% 182 3 and 16 0, .in"the present study,

durxng ag;ng are s1m1lar, suggest1ng that the 11p1d prof11es

- observed in. the present study may contrzbute to. the L o

decreased erythrocyte osmotic fragll1ty assocxated w1th

*

P -
o - .
. CIEENY SC

'1ncrea51ng an1mal age in cattle of the DM breed group.

Extrene—muscled DH cattle, 1n ‘the present study,

&

degonstrated sxgn;fxcant d:ggerences in thezr fatty acid

%
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~

phosphollpld,classes as compared td normal~musc1ed carrxers

documented that alterations in.lipid and/or fatty acid
composition of erythrocyte membranes influence membrane
fluidity, permeability (COOperl1969;*Ne1son 1972; Van Deenen
and De Gier&1974;'Grinna-1977)} membrane-aesociated enzyme
function,‘hormone.reCeptor specificity (Masoro 1977) ‘and
osmotic fragility (Ruipey ef al ‘1971; Sagawa and-thrakx
1978). However, this does/net//%tempt to explain the
significance of the spec1£1c alteret1ons in fatty acid
"composxt1on of erythrocyte membranes observed for

extreme—muscled DM catt%,,}n the present study. “Toward thxs'

- énd, it ‘'should be recalled_ that extreme_ “" d DM cattle
— emonstrated an increased erythichte'os ot1c‘fragility as

S _ | S C. | |
compared to carriers and to normel cattle (Chapter IIl). In

0

¥ 18% 1ncrease%an 16:0 and. a 20% - decrease 1n 18 1

concentratxoﬁg 1n tpexr E%ythrocyte membrane sphxngomyelxn

v‘

fract1on and gn 11% in%feese in' 16 0 and a 5% decrease in -
“18: 1 concentratxons in thezr erythrocyte membrane
phosphat1dy1ethanolam1ne fractxon as compared to , N
| ,normatnmuscled carrxers. In a study (Kuxper etval 1971), in'
whzch the l1pzd composat1on of erythrocytes of a group of
hamggers wltn\InEreased erythrocyte fra9111tyrwere compared“

~3 erythrocyte frag:llty.

similar resu: observvd,ﬂfor example, the erythrocyte _1f‘

N o ; -

‘of the "double-muscling” trait. In genersl terms, it .is well

the present study, extreme-muscleq%nu cattle demonstrated an- .’
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membrane‘phospholipid‘classes from the group of hamsters
with increased erythrocyte osmotic'fragility demonstrated an
‘average-ZS%-increaserin 16:0 and -an average'27irdecrease in
18:3 (Kuiper'et al.‘1971). In an interspecies comparrson,
Van Deenen,and De Gier (1974) showed that an increased
saturated and polyunsaturated and a decreased
monounsathrated fatty aoid composition in}erythrocyte
membranes is associated with increased permeability of
glycerol and 1ncreased influx of phosphate. A similar
pattern was observed in the: fatty acid composition of.
erythrocyte membrane‘sphxngomyelxn and, to ¥ lesser*extent
phosphatldylethanolamxne from extreme-muscled DM cattle. It
‘may therefore be suggested that the increased suscept1b111ty
ofverytbrocytes to osmotic lysis ;n extreme—muscled DM
cattle is due, in part, to_the'altered_fatty-acid'.
cpmposition of their erytbrocytenmembranes. It ié also
~’~pbssible thet these changes.alter the”fknidity and
i permeehility and thus the functional state‘of their
’erythrocyte membranes. However, due to the great chem1ca1
heteroqenexty of the membrane 11p1ds (Van Deenen and De Gier
1‘1974) and their complex 1nteract1ons among themséIves and
with membrane protexns (Nelson .1972), it remains uncerta;n;

ras to'the‘overall influence the observed ﬂEmbrane structuggl

* - alteritions have on the functional integrity. of erythrocyte

- A . ng‘*
_‘membranes in double-muscled cattle, _ -

- ‘} The reason(s) for the ‘changes in the fatty acia - #

.comp081t1on of erythrocyte membtane sph1ngomye11n and
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phosphatidylethanolamine observed in the preseh‘ﬁggﬁdy for

. extreme-muscled DM cattle is (are) uncertién. Hulbert et al.
11975) have demonstrated that changes in thyroid status

. alter the lipid composition of membrahe systems. The present
author (Chapter IIT) aod Strath et al. (1980) have'
demonstrated elevated serum triiodothyronine levels in

" extreme-muscled .DM cattle as compared to carriers and normal
cattle. The differences observed in the fatty ecid ‘
composition of erythtocyte membranes by phenotype mey also
be due to differences in the overaﬁl animal metabolxsm of
lxpxds. Erythrocytes doﬂzgt contain the nachinery for lipid
syntheszs and thus cannot alter fatty acid chain length or

-

the degtee of unsaturatxon or synthe31ze phospholipids de

' novo (Dise et al. 1980). Alterations in the fatty acid

composition of e;ythrocyte membrane ohospholipid may ?
therefore be reflecfive of ohenges‘in lipop}otein lipia =
comp081txon and possxbiy*alteratxons in lzpoprotezn "
metaboltsm. .However, it must be realxzed that: spetxfxc
enzymes are 1nvolved in exchange of- lipids be;veen plasna R
lipoproteins and erythrocyte nembranes (Nelson 1972 Van
Deenen and . De Gier 1974, Dise et al. 1980). Differences in
erythrocyte membrane lipid compos1txon could therefore be
due to the selectivity of enzynee_xncorporet:ng spec1£1c

. types of phospholipids into the'efythrocyte membrane and/or -
the 1ncorporation of fatty acidp into the "lbrane lipids. :
Thzs poznt is made more obscure by the evidence vhich

\
demonstrates that many menbrane-esSoc:ated e y-es are

,‘\ / .
. /



e
X
A,
~
o
=

'
¢

lipid-dependent (Masoro 1977) and changes in membﬁdngiiipid

2
.
P ORI
or

composition will uitimately influence enzyme function,
In-conclusion, extreme-musclgd DM cattle demonstrated

alterations in the fatty acid composjition of their

erythrocyte membranes relative tq noémal-musclgd cerriers.

- These alterations may, in part, contribute to the increased
erythrocyte osmotic fragilify associated wiﬁh £his animal
type. Further, the observed alte;gtions may also infér’
chang:s in ‘erythrocyte mémbr#ne fluidity and permeability
and may be indicative of alterations in th; lipid
éomposition and functional state of other membrane systems
in extreme-muscled DM cattle. The reason(s) for these
dxffetences (s (are) unclear, though they'nay reflect
changes 1n enzyme functzon or changes 1n~c¢11 metabolism

. possibly resultzng from epdocrxne or nouroondocrxne
abnormalities in cattle exhlbltxng the DOuble Muscled

Syndrome. 1 ék |



¥ ] ‘e xn s B
s i N
Ty > .H@
- . 3 w,w..:
° “ - . o, ....h:....f N
* <l
. - . . S e .
# 34 e
2 { ~ .
' , % s :o “0>d) ooco..!w.n :.8..::2. . 242!: !:u-! % -.. ..m’ :.:«3 mo..
. - . ‘,; ‘ -n- : -.uum B e uo pliwinolien R8O )
L= L ‘ suwen 404 usen a3 0 uodJe 9.-!.8. y -coo.. vi?axﬂs& Ueen @3y 48 |
C ct u! ;:».338; 8..8,&-2 ‘
. :ucol 9-CC PuUm nnrt !.e ..2 uesw sad :.l.co .cou pue’ !:!.._. . -nnﬂm: !!uoa!.n u‘ x.o !? so; . usn !a-:c- ...Qw!-u ¥ ‘
. :oseo . 8.“3 182, !.ao‘ K I &rﬂ
980 TR T, NI sty oo: e
Py Lo ! L > T
Se SO0 L e 30°) T 3 Se TN
P &0 <, 86, . er'g w0 . iss -
A o D o - R 5,
NN Y X R T Y LA T N IR :
. L e .t “sesd  eiiie yo% ez - esRE 8.5.. .
s H L eweaaxd o iwaon sy-ce zz-6 " eleN Biewey v ,?En: _33 po...x.
R omas Y - - . . . , . : : U * n R
: on)uocoau Azuco.l*oaf * o 2t L7 2
4. =3 . " o R

N

LY

-

L dndul’ tnt..,n :n

sy 40 o-«on#c. oguoc!.l pus oOe ‘xes Aq -!uaua-,'..o;oo..:;ul 30 co.:-o...po, v.n.. 30 .uct!_. ‘seuenbs aiuz f >n o—ac._. ’

LY L

. . . . n D N [
» . . . b bt 4 - N

P R .



I
i :

t

; [+

m (V-]

L X &>
M r
:

.hr__,. ..,‘

: v
.\\\I,./‘ .
. e A
... Pt
L] - -
w »
K

X8 ac.o:.ca.a ¢ ®3®d)puy . o..:v-!. Lo‘alt
~s18eq JyBjen v%uo peIv MD(8D euw
| 8yy Jeyze x puwe sinIm o 8yy U}
Aq voaoo:x: eJe Sp1I€ AJye4 ‘pe

- 14 .
Pl L) -
. ¥ SRR 3 L S 1 ;
...‘l. h . . . » ¢ }
Y g . 3 . - /.
\ -
T .
- A
A
! w. g “ T ‘ % : ,. :
, ) ce
.. N . * .
) , ’ . - - . .
. % T - ’ L .
. , . < e,
- , ’ . 2 o
3 . et
. . .0.‘, < C
- :
’ ] e 1 ?

‘spioe »:3 (V% .ﬂw.&lﬁn ‘.“w
Sebeiusoung S1pE §)3

gswore oonsao
o..oao.. sJu - 10—

sest n,a.d !!. ..9..5 pide; ?«4
. .40 'O%des 190" 0>d

oA

nxu....«n« .

on pu3 ul spuaq e ignop TP iequnti ey3
OIDUL XX BUBLA CX:XX JO Wiy !i..t

io! .»o »cco..on . 5o ;ﬁognx.

*99°0 . .—,n.n« . «o.w« . . 88°ET,
18°0 - 6119  99°19 oL iy
«=68°0 €t 96" : : R ALY
Lz 0 661 85°4 . pd” we oL
+$0°0 8€°0 -6L°0 Q% 7QSE W Z 00
" +92°0 Zr'o wu } ¢ LO'EY 0044 CPRE
zz'o* ze'v  -bey " 280Q - Ovo - 4P %Y 90 .
Lo €T°0 £0°% ¢ T8T0" se'e £e- "Gy e .
61°0 . oOg's vL' S T R0 ot'T 96°Z, L' 09
) LL Y 66°0 »85°Q - GE°} o G . 89°).
ss9Z2°0 - 6879} se ) . seBdl §6°6- -6Z°9 0 e
€8°0 - PI°LS 164G 46TV - LisT. eveT - L L. e leT
«S1°0 L8y er™ Te8%} Lo YT “QE°0 ¢ iets
© .90°0 0€‘0 9€ 0 *s10°0 624 . S8°0 S 200 . 680 .
* g% 00t Lwi'L . 8€°0 - 89} .» 0850 ° . U0 T Y
ze o Sy 9% Sz'y MY eitey L  eeOF 0" 1879 .90
X Li B 1Z°0 $+E0°Qp%  4Z°0 S.m . .. Y1000 9b'0 g0
80°'0 V€ 8y- +$0°0 /Ydv'o .. sz NS .«ow 910 "%
? 110 18°0__ 66 “~~ 900 920 - 61°0 ;- . "W g0 L T T
o10° . 34670 5 8€70°. 19'0 . TAQ, Qw..o\.w. .
«W3S T EH .m..o.m.. Z!.ou . s s mES ...o.b.. !-:3_
o:...!occﬁo;u:-:a o Em:o:na.z._ 18301

uj ra/

i w“”

n:o;o

n i

AN
_n..oznuocn 19903, susuqEep 83

Ui 40 ¢i33w0 Uy xes Aq !...-.oﬂsz..»mv:ei-oﬁ_ puy. ::o -

Aae a3

..o co.u-oaloo.u.od/):!, jued !.« 49. ..ﬂccal ut..a:tn
o - ’ Tee LY s T : o
o | !




- 1 3 LY g
& s ) k&
Q.™ R :
. ‘.vw‘A ol e
$ - o
) L
N .
. . R 4 .»v -sp
) m - 10° Dvﬂoo anO QY
uedjjubis v Preosbuy peey ..o?.. uoee upu3 ik a.,. ?To«l  suwew by 389} 0.
‘818%q IYBISA B U P8y —R.:,Qo sJu seluiusdolagd’ vr..-t AY¥ &gﬂo- "yl uy ua....oﬂ uP.mg.,,iﬁw
W) - Je3je X puw eindéiol, eyl ‘uy swore :c..tou 40 JBqUNU B4 ‘S83ED1pUY X
Aq vo«oo:!. suw spide A3yed “peruoded age . uoo.oa 35 o 46.3usued .8
. . | .i.o».«otaoo,_ ‘sdnoull ..srd.uﬂ Yiuou' gy
. Py I -V, N 3 ~ - —
- +s89°0 Lo°9%Z ° KT'TT ’ . ou«u. ﬁ .- nv.s
18°0 99°0%¢ - 84°Z9 * L eslO T
6507 S} &6¥°€i . o €L
Lz°0 er'i 802 i¥0 -
#0°0  -vE°O tZ°0 DT A0
sT'p _ 0L ‘0
+ZT°0 w891 £8°0 .
S 9L°0 !&“ M4
. . ®s81°0 2 - 8§° -
sa¥} 'O 00§ | 9y
B »s92°0 | EZ'¥) k1M1
K »8°0 ‘86" 9% 80°8S
«€1°0 Z6'y - €n'g
YO'0F LZO  6E:0
*S) 0 L8°T LVE
s *«sZE°0 ey 201d
»0°0 Lo NE-E-N
. 800 kg 8§ 0 BT O
«L1°0 " TO'V . @¥o - : .ur O
010 JZ9°0 98°0 Y L nu.. o
WIS 9v-EG . gn-' ot .:mm\ av-% t«u-a _
- J’! * b
!.l.o..l::.»b.o!auru . utds - .~
T .L.S&wbo..naro

e \_%oﬁ . 19303 ous.iquey 3>oo.£§..o o’y »o%ﬁ.u.mon..ou !on 3&3 Jueosed atu

fuﬂvd. oBs ywwile \S%Enﬂc!.«o;v;aﬁa ‘Pus Uy (4

“
\

. N . ] v -
o . . . &R Ly A. Ve - . -
i : y o ¢ 3 . ’ Y :*
e F e T ey
L : PR T X Co
' ' . T o N 1 , ok \.,. 2 ’
! - . - ol TS T Tred rd L.
. . . A -.’* A i \....rw v
L - . PRI s
X . N v VEea <




'é‘

71

wa

LA h“

- ‘ i

" edAyousyd uc-o_tca.a
"§i8eq 3ybien e uo pe)
Sy} Je3 8 X PpURTE(NDBLOM By} U} SWOIR con..-

. >P gunu:u..: sJde nu—oa A3rey vof.oau.. o.ﬁc
» e
89°0 “¥Z .- £d rE - ¥ZL'0 T9°Q0 | §8'TT .
t8°0 ‘09. . S¢°T9 8 *+80°} A TN K
85°0° 15°€L T 914y E +1E°1 a.o - :90° 8" :
Lo T84 : . t¥°0 8T°'0 . 0%'E .
S0°0 6D oz'0 - R ER 1t S 3.
v 920 uo LA L0 €EL°0, ~£0°'9. VLB
TT'O - . ve" 4 - : 80,0 €00 £i°i 00t
Lo SE°O 8Z'0 ._ t_.w ‘994 ¥8" 4
+s64°0 {9 zZz0 “¥%°0- 99y eV,
B4 L TN «82°0 €40 gC" 1 i
*e9Z°0 €9°G4 . 8€'0 " "9EO. T .88°Ch 9T €}
TN 60° 9% , *e6T°1 -, Y At BL'LE 18 SE.
«61°0 Wn $9° 4. SE°0 - 0’9l €68'gi
v0°0 EE0 10°Q TO'0-. " PO " ‘GB'Q.,
§4°0 66°Z S ee0 R TR uo“ COLFT
«ZE'O 16°G -1 A - Or'o’. g9 L6
$0°0  1Z°0 - " . %$€0°0 . . 10'0-.-7 10'0. @070, .-
80°0 Yy O © 28070 - " ZO'0 1 5 ¢) B o * A o B
Ltt°@ 080 «20°0-  TE'O  *pi‘0 S €0°0. . 0F2°0 2o .
0’0 -09°0 te"0 180 szto. - =200, z0 «...b .
W3S Swedix3  ewdoN . uWES  SWOIINI  LBWJON 8 W35 sweaaxy ._!....oz
oujwe oudizey / .«anoca - c;oginm S R, En..o:c-% 1e30y -
. ®133e0 nd 8- N8 AXRPUE . - | BRWIOU s -2&3 ...o.:r o:.@lotoﬁy!;b:oﬁ-oﬁ PU# ‘U [DAN
.m..n:ocanoﬁ_ e - %« 3>u¢é$§ ‘« mo@um ‘v.o- ) .. u:oo»in !z 30 18usen “seJundy
- 1

.Tb—.r S . \ . .. ’ ‘w - ’ * ' N ) - ’ N r' - i : w“\&”‘.’vlﬂ‘ﬁ~\.



Ef THE LIPID COMPOSITION OF PLASMA AND PLASMA LIPOPRO'I'EINS
| FROK, DOUBLE-)(USCLED CATTLE AND NORMIL-WSCLED CARRIERS

¢

~A. Abstract ‘ _

The -fatty 'acid compoS1tlon of the varxous 11p1d And
phosphollpid'classea in"the total plasma. Izprds hza;
denslty lipoprote1ns (HDL) and low plus very low dens1ty
lrpoproedzns (LDL-VLDL) fractxons vere determxned in six .
phenotyprcally extreme-mukcled and six phenotypacally o e,:
normal-muscled cattle ;2 a "Double-Mua¢1ed" (DM) breed |
group. There we:;aeuo age groups end two sexes peé;gg
exper;mental group. The phenotyp1cally exfreme-muscled DM ‘
cattleidemonstrated a sxgn1ficently decreased concentfbgﬁon

_«of tr1ecylglycér§!&#”!n th. plasma and HDL total !ip:d f
fractxons an& aétgnrfgcantly mcreased conqenttetlo " - of

Hholester I in e»plasme totel L&pxd fract1onf

-

concentratxon of tr1acylglycer£ﬂe was decreased ngr‘

¢
.« ¥

two-fbld with a correronding!giqn1f1cant 1ncreasef;:;f;




* _§ oo

wi similar in comp051t10n in the three total lipid
fract:.ons for both phenotypes. Extreme-muscled DM cattle
' demonstrated a s1gn1f'1cantly-"1ncreased concentration of A

polyunsaturated fatty acids in the plasma and LDL VLDL total

total 11p1d f:‘tzon. In each, oﬁ these total 11p1§ o N 1.‘.&.1.\-:*, *

fractions, the enrichment 1n_polyuqsaturated' f

11p1d fract1ons, with a sxmlat trend occurring in the HDL &

acids Vas

..‘L ¢

due to' an. increased amount of l'i‘noleic' A¢id 9832) . dp ™ .
& of palmztxc 'acid had

accompamed by a fall in the coqaentra _
. (16 0). ,The observed alte’rat.i'ons in the lipid and fatty“icw .
compositmn of plasma )’a’*and an-VLDL total"fljpid LI »"z‘ '
- #P o s SRR
éract& by DM ;phenq,wpe are mdm‘it.ive of dvfference! m '

L
:4_;.

the metabohsm oﬁ; Sermn lxpoproteins betweep extreme—muscleh‘

vl

DM cattle and normal-muscled catne{s of the "double S

'a 3.1}’: v 3 "2; ° )
2 *‘ C o .
. . el . ‘L’é‘ N o s v .
B hﬁ‘.‘rodnbtdon S g R I
B o - S \.\,'* >

. - Serum hpoprotems tacllxtate the transport and

exchange of vanous 11pid constxtuents\synthesmed 111 the -

ﬂ‘l'

<

qr af mtcstiue to penpheral ;tmues f# storage aﬂd




with an mcreasod ene:gy demand increase thexr metabolism of

i}

-V

)
. Y
[ J

cholesterol ester-rich’ remnant or low—densxgy lxpoprotein

(LDL) part.icle (Elsehberg 1979; Stelnberg 1979) Animals

vr.m. particleQ'(Raphael et al. 1973). L (l
%The metahcﬂ rate of DM cattle has not been: reborted
in the scien::fic lzteraturo. Kolataj et al. (1979a)
ﬁ:eas'qred the a?iyﬂxsﬂy‘?f certam plasma enzymei in TS
extreme-muicleg DM caéil& and&suggested that . this animal
type may hdve an mcreased meta'gq‘lm Tate, Pdllar and
Websfht (f§77) obset@ed tﬁ tﬁaeih vats prodpced mq;e heat (khk
per u;nt. body weight cqmp’ﬁred ‘€0, £qt uZucker mts. Han,set et
(197’9‘} tp,ecukg'tea tlhat, J.f tlh sameWe true 'n cattle,
doublg;musch& ani&gla 'llay haVe au {ycreased mamtenance
ﬂéﬁulren&btx alatnge to normal ammls of ‘tHe. Sam% @eight.: ey
‘ 'rzm go“llow‘?g axpefmenhl"e‘v:uﬂence al&o auppopts the. '

.'f

ét;i‘én that» cattlg exhib;tmg the Double MuScled T '

o/’

Syndrome have aﬂ".pcréased ener:gy d&mand and an altered T ey .‘

‘l"'

1 i popi'o‘te”i nl metahol i sm . Double-* “I‘"""““ 2




- R o N . . ns-
- o * [ 3 ‘ ‘- . m
‘ - '. » » . {

)bggested to be 1r.ca‘é1vq of a gemera¥ized membﬁﬂe defect |
(ng et al. 1976a), and may poss;bly 1n£:r an ﬂreased |
energy de nd for the mamtenance of membrane mtegrxty in
double-muscled cattle. Mther, a prevxous study (Chapter
- -IV¥)- had; shown -alterations—in the- fatty ac1d compos1t1on of
- ~-erythrocyte lte’brane phoaphof‘ds from extremg-muscled DM
cattle as compared to normal-muscled carriers of the - . -
"double- musclmg trait One of the possible reasons SRR
'suggested for tm almetxon was concerned w:t:h lxpoprobgineg
‘ metabohsm. sfféi; erythrocytes do not contain the machinery '
| for lxpid syntheszs and thus cannot alter fetty acxd chain
length or’ degree of. unsaturation or synthesne phgspholipxds

de novg (mse‘ al. 1980), alteraticns in fatty acig: 3

v, N
thr.écyte membrane phosphol 1p1ﬁ§z mgy ‘be P

’ ‘5' Tel

e

.
w:r‘,
’
. i s 3y



C. Matoriall and Ho?hods

Tvelve cattle from a DM breed gﬁoup, maintained at Thq .

Universxty of Albert; Beef Research Ranch Rinsella, »
. Alberta, were used in this ‘study. Sm ammals were 5 ;_ “
R sub;lachixe‘lg_catagonized_as_ph;nctypyca l-ly -ex%::eme-—*aﬂér—arzx—' T
e » l-muscled carriers, baud on. the |

as- pheho-typically nogi

._ 't‘o 11*&& ef age a‘nd three extrem—must:leda and three ' ,
v “norml-mueplbd umale iﬁimis of 22 t\o 23-mo .of age madé up
't:he tvo age-sex gtoups within nch ani’mal type All anuhals

e
_, ywcre mintaiv under qﬁhilar enviromnental conditwns lnﬁ _,

. - 07::

- were not fed 1‘8 b, priur ’-'f.'o blbod u, ‘,cgcollecmon. samples _~

‘o .‘.‘
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'Lope_ i Bt al. (1977). .5 mL of plasma was added 500

e . F

! uL of a solut1on of sodxum

photungstate (5.0g

phosphotuquxzc acid and 0. 809 NaOH made to 100 mL with
:dtstllled_wster) and‘megne chlor1de (25.47g MgCI,.6H,0

made to 50 mL with distilled water). Thescombined solution
vas mede~immediaﬁ$1y before use by mixing'4 mﬁ oé the sodium” A

| -phosphotungstate solution and 1 mL of the ‘magnesium chlo{ide -
solution. All tubes conta1niﬂg plaema plus reagent vere{lh |

o m1xed usxng a vortex mixer and centrxfuged tt 1500 xg for

-30 mxn ht 2°C. Immediately after centrifugetxon, the cleer _'

\\

supernatant conteiﬁﬁng the HDL fraction _was transferred to ) -
,wenother¢tube. Samplee whichqﬂad not yzeld a cleer iA s A,? |

'supernatant were
e-prébxpxtatedu
;'HDL supernetehb't ;% ianimal wefﬁ*guantxtettv y
-;¢§ena1yzed for toteli’ }_eeterol usxng the enzynatic method ‘ i‘f;

- adapted to the autoanalyzer (Techn;con 1976). rhe

......

- g . = 2
ﬂlgplasma was perfo:ue&rusxng the formula. coneentrat:on of.,,

: rom sthdard curv *’?*ﬁ*“kg/da hphroﬁolesterol. In

~1ce1culatzon of HDL-




A HBL ana w%vnn(. ‘; R B

ipxdhxtuctiop and gnﬂya's

| k)
The 11536 pprtion of the whole" plasma, HDL and LDQ;VLDD
fractions peg aniﬁi&,veta t»&cé ‘extracted vith |

.(-1957) Lipid extractxons on the, LPL-VLDL fractlons were

»

carrzed out with q‘pmogemuti:g (Polytron) The chlorofom
' phues from each fractiqn were pooled, evaporated to dryness

R
o

under nxtrogen, and s;gh "i%‘z mio chlorofo&"methanol (2:1

°

separatzon and percent v

e ,‘mg ‘ﬁ'n Iatroucan 'I’H-lo Mark II




b

©

phquho'lipid band, re-developed for 1 h in

chi‘oroform-methan‘plfwatier (80:30:3.5) and re-scanned

‘o

completely for the determineti'on of. the relative amount of

each phospholipid class (Appendix 8; Newman 1978). All

determinetions were carried out in duplxcere; Peek <~ .
percentages es },percent of total peak area vere measured ‘&j
‘ thh a Houston Model 85217 z-pen flat-bed chart recorder“'\ -

' Correction factors (Appendices 1, 2 and 3) for chroﬁgrod and
run veriat:on and response of each 11’p1d were determined . hnd

'epplxed accordingly. Lipid btandervds (ngma) of cholestero :
. e ’ .
'esters, triecylglycer:des, free fatty acxds‘ uneste:it

bholestérol en‘d phospholipid hosp&tldylcholme and ,,u I
% A

. sphingomyelm,.i 1, v/v:‘)_ and ph'bspholxpzé ;tandarda J(Applied : h "‘.
' Sc:ence, ‘kexdele, Ont. );*"'of &une phnnphetidylettfanolamme.
f'.phosi:hatxdj;l;e'emel pheaphetidylcholme, ”',..::\ ST e ﬂ&‘ .
-:;’~»L,"f'nhosphend¥i:nosit6‘!l sphmgomyelm and :}’ o k %j;
. € . .

| lysppshosgihandylcholme were used for lzb:.d identif.xcatxon

“":'f":r&hd determinetxon oi"correction fvtors (Appendices 1, and @
X o : ‘ R

PR ;'». H
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Throughout this chhpter the fatty acids vill be
indicatcd bx the-gonetal shorthand form of XX:X, where XX

indicates. ;ﬁg number of carbon ‘atoms in the molecule and X

o

a»

after the. colon mdxcates the number of double bonds in the
- o ) ) v
molecule. - - - T Tor et g e

Statistical analynl | ' T ' };. &
_ The lipid and phospholipid relative concentratxons, the

total lipid concentratiog and. the. fatty acid percentagc -

composznon,of total lipid in each. of the plasma. HPL and -

. |}

“ LPL-VLDL Ktac;ip.na vetq statutically anqund using e e
analys«!s of \ar.imc3 (scen and 'rovrie 1980). Scaurcec ot |

<

"7 v‘-iat\omwe' pbqnﬂype (n-2), uge-sex (n-:), phenotype k * o
age-sex gnd aniuh. (n-3')’ withigpheﬁ&type age*sex. ’1‘)10. ‘. |
]

CA ertor tcm for an' sourtet of va-rfance wu; anmals nthin
; Y Y BRI

.

'y et
phenotypg x age-sex. Tba age sex combma%ion was’'
' mtentionauy confouuded so as tq,pllow qmoval of vériation

-

[

'“ dug to thu e'nbination in. ;he anlyses of' variamce. 'rtu "«.

Ty ‘l
. age- serx. coﬂaih&txons rgsulted be&'use of. the kiﬁas of = ,. 3‘

PR -
v ammls avaxlable and ve:e ;ncluded m order to ‘incruu th.

".N .t

X} L . S

‘? nunbér of ammls avizlme foz tcstmg thn cffeet o£ Lt
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L g ‘
. o A o

' 5
HDL fraction were cholesterol nterl and phcspholipxds, vith

the same tzo/hpids plus triacylglycerides being the major
/ lipids incthe LDI.;VLﬂL fraction. The HDL fraction accoun.ted

}1 for 62 67! of the total plam lxpﬁd with LBL- VI.DL

- accountmg for the uuindor. Pboaphatidylcholim accounted

i for 70- 801 of the tonl phosphplipid;. with aphinqo-yclm
fl ‘being secondary, in the plnu-, HD}. und ADL-VLDL total——l-ip:d—
\/f' Iractions. \. . ’ e \ '
The effect of phcnotype ‘was demonstrated to -
significantly (P<0.05) intluqnc. the 1ipid clau cbnpomtion

ot plph MDL, dnd LDL-VLDL total nﬂid tractions (Table

1"!1“ relative. conccnt‘htlon of triucylglmrides in LA
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lipid concentration of these fractions by phenotype weie not
observed to differ significantly (P>0.05).

The relative amounts of the major phospholipid classes
in plasma, HDL and LDL-VLDL by phenotype were not found to
be significantly (P>0.65) different (Table V.1). The
rel;tive conc‘.tration of lysophosphatidylcholine in the
LDL-VLDL ‘fraction was significantly (P;0.0S) increased in
phenotypically exfreme—muscled‘DM cattle as compared to
normal-muscled carriers of the "do?ble-muscling"“
conformation. |

The mean percent f?tty.acid composition of blasma,!HDL
and LDL—VLﬁLatotal lipid fractions by phenbtype are
presented in Table V,2. In all fractions, linoleic acid
(18:2) was the predominant fatty acid, with oleic acid
(18:1)1 stearic acid (18:0) and palmitic acid (16:0) being
secondary. Significant (P<0.05) alterations in the percent
fatty acid composition of the plasha aﬁd LDL-VLDL fractions
were demonstrated between phenotypes. For example, the
concentration of 1650 in the plasma was sigﬁificantﬁ&
(P<0.05) decreased in phenotypically extréhe-muscled DM
cattle as compared to normal-muscled carriers. The same
trend (P<0.1) Qas;obServe& for the concentration of 16:0 in
the HDL and the LDL-VLDL fractions. The relative amount of
18:2 in plésma and LDL-VLDL fractions was significantly
(P<0.05)‘incrgased i phenotypically extfeme-muscled DM
cattle as compared to Qotﬁal—musqled carriers, with the same

trend (P<0.1) occurring in the HDL total lipid. These »

™

-



differences in fatty acid composition are reflected in the
trgnd (P<0.1) toward decréased relative concentrations of
saturated fatty acids in the HDL and LDL-VLDL total lipid
fracgions, in the significantly (P<0.05) increased relative
concentrations of polyunSaturated fatty acids in the plasma
aﬁd LDL-VLDL fractions and in the trend (P<0.1) toward an
increased relative concentration of pec.yunsaturated fatty
acids in the HDL fractdon in phenotypicaldy e’treme-muscled
DM cattle as compared to normal-ﬁusciﬁd rar- 1ers. The
relative amounts of all other fatty acids were not observed
té differ significantly (P>0.05) in the plasma, HDL and

LDL-VLDL fractions by phenotype.

E. Discussion v
The quantity ‘of lipid associateé with the lipoprotein
fractions and the lipid-composition of plasma and .of the HDL
fraction for cattle in the present study were similar to |
"those reported by others for ruminants (Evans et al. 1§61;3
Duncan and Garton 1962; Garton and Duncan 1964; Mills and
Taylaur 1971;’Nelson J973; Raphael et al. 1973). Cholesteroi
esters are thé primary neutral lipid accounting for 55-65%,
while the phospholipids account for 25-30% of the total
lipid iq plasma aﬁd iﬂ the HDL fraction. Triacylglycerides
ére a minor component o} both plasma and the HDL fraction
accounting for 2-7%,of'their't6tal lipid. In cattle and

sheep, the total lipid of the LDL fraction\}epresents 20-40%

of the total plasma lipid (Puppione et 'al. 1970; Dryden ét
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‘al. 1971; Raphael et al. 1973; Wendlandt and Davis 1973;
Calvert 1976) ahd 1s composed of 45-55% chélesterol esters,
25-35% phospholipids, 10-12% cholesterol, 5-10%
triacylglycerides and less tﬂan 1% free fatty acids (Mills
and‘%;ylaur 1971; Nelson 1973). The total lipid of the VLDL
fraction, on the other hand, represents less than 5% of the
total p.asma lipid (Puppione et al. 1970; Dryden et al.
1971; Raphael et al. 1973; Wendlandt and Davis 1973;: Calvert
1976) and is compesed of primarily triacylglycerides
(55-65%), with lesser amounts (20%) of each of cholesterol
and cholesterol esters (Nelson 1973; Raphael et al. 1973).
On the basis of these values for 'the lipid composition_of
the LDL and VLDL fractions for cattle and sheep, a
theoretical lipid composition of a combined LDL aﬁd VLDL
fraction for cattle was calculated . The theoretical values
are in agreement with the observed lipid composition of the
LDL-VLDL fraction for cattle in the present study.
Variations in the literature values reported for the lipid
composition of plasha and plqsma lipoproteins are primarily
éﬁe to variation invthe physiological and nutritional state
-of the animal (Duncan and Garton 1963; Dryden et al. 1971}
Marchello et al. 1971; Raphael et al. 1973).

The phosphol1p1d distribution in total plasma and in
the llpoprote1n fractlons from cattle of the DM breed group
‘were similar to those reported for other ruminants (Nelson

1967c,1969,1973), as well as man (Skipski 1972), in vhich

phosphatidylcholine was the predominant phospholipid
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(65-75%) and choline-containing phospholipidé acbounéed for
90~95% of total phospholipids. Phosphatidylserine in this
study as well as in others (Nelson 1967c, 1969, 1973;
Skipski 1972) was a minor compénent of plasma lipoproteins
- accounting for less than 1%. Nelsoh (1969) suggests that .
‘because of the net negative charge on phosphatidylserine at
 physiological pH, it may not be useful in forming soluble
lipoproteins.

The fatty acid profiles of plasma total lipid for
cattle in the present study were generally similar to those
reportea by Evans et al. (1961) and Nelson (1969) for cattle
and sheep, in which 18:2 was the major fatty gcid, and 18:1, -
18:0 and 16:0 each accounted for 10-20% of total fatty acid.
Garton and Duncan (1964) and Leat (1966) reported a high
concentration of linolenic acid (18:3) in bovine plasma
total lipid. However,(Dryden et al.. (1971) and Marchello et
al. (1971) subsequently demonstrated that 18:3 is a minor
fatty acid in bovine plasma and plasma lipoprotein total
lipid. Further, Dryden et al. (1?71) demonstrated that the
- fatty acid profiles of the lipid classes .of HDL and LDL were
generally not greatly‘differenf from serum or each other.
The fesuits présented byrDryden et al. (1971) and Marchello
et al. (1971), when calculated to the fatty acid percent
composition of -plasma, HDL and LDL total lipid, were
generally similar to the fatty acid profiles of plasma, HDL

and LDﬂ—VLDL total lipid in the preseﬁt study.
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Extreme-muscled DM cattle demonstrated a two-fold
decrease in the félative concentration of triacylglycerides
in the LDL-VLDL total -lipid fraction as compared to
normal-muscled carriers of "dduble-muscling"..This
difference may be largely attributed to the VLDL particles
‘since, in the bovine as well as in man and various other.
mammalian species.(Mills andLTaylaur 1;&1; Nelson 1973;
Raphael et a?. 1973; Jackson et al. 1976; Eisenberg 1979},
they are the.major transport vehicles for enaogenouslj
synthesized triacylglycerides from the liver. Further,
through multi-step interactions of VLDL particles with
endothelial bound lipoprotein lipaseé, the triacylglyceride
moiety of these particles are removed leaving a
triacylglyceride-depleted, cholesterol—rich remnant ,or LDL
(Stead;et al. 1978;{Eisenberg 1979; Steinberg 1979). Thus,
the difference observed in the present study in the relative
concentfaﬁian'of cholesterol esters in LDL-VLDL total limid
by phenofype’may be largely attributed to the LDL particles..
‘These results suggest that extreme-muscled DM cattle have an
" increased rate of withdrawal of tria;ylglycerides’frém the
VLDL particles and thus an increased conversion of VLDL
particles to LDL particles. If the concentration of LDL to
VLDL particles was increased in extreme-muscled DM cattle,
thia could account for the decreaaed relative concentration
- of triaéylglycerides and increasad relative concentration of
cholesterol esters ﬁgéthe LDL-VLDL fraction of this animal .

type. Further, an increased conversion of VLDL to LDL

e



particles and/or a preferential withdrawal of VLDL- ané/or
LDLftriachglycerides could also account for the decreased
re}ative cencentration of triatylglycerides observed in the
HDL.total lipid fraction from extreﬁe-ﬁhsclgd DM cattle,

since transfer of lipids and proteins between VLDL and HDL

particles and LDL and HDL particles has been demonstrated

(Glomset 1979; Schaefer and Levy 1979). The decreased
relative concentration of triacylglycerides in plasma total
lipid from extreme-muscled DM cattle reflects those
differences observed in their lipoproteins.

Raphael et al. (1973) found decreased levels of VLDL

lipids and increased levels of LDL and HDL lipids during

" peak-lactation and lactating-pregnancy in cows as compared

to the same animals dufing’non—iactating, non-pregnancy
periods. These authors suggested that this result could be

reflective of an increased metabolism or turnover of VLDL

particles in lactating-pregnant cows. Decreased relative

concentratione‘of LbL and HDL triacylglycerides fer cows
during lactation and pregnancy as compared to the same cows
during the dry period were also demonstrated by Raphael et
al. (1973). This result is suggestive of a preferential use//
of triacylgiycerides, pérticularily of VLDL origin, during |
periods of increased energy requirement The finding tﬁut
ad1pos1ty and reldtive body weight cortelates dlrectly w1th'
plasma triacylglycerides (W\tztum and Schonfeld  1978) tends
to support this suggesthn./Extreme-muscled DM cattle

\
apparently have an increased energy demand, as indicated by
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their increased muscularity and decreased'fatness.(OIivef
and Cartwright 1968), increased serum triiodothyronine
concentration (Chapter I111; Strath et al. 1980) and altered
functional state of their erythrocyte membranes' (Chapter 11
and IV). Recently, Strath &t al. (1981) have demonstrated an
increased metabolic rate in extreme—muséled DM cattle
relative to carriers. Thus, it may be suggested that
triacylglycerides, particularily of VLDL origin, are
withdrawn and uzilizéd at a greater rate in extreme-muscled
DM cattle as compared to normal-muscled carriers of
"double-muscling”. Further, an increased withdrawal of
VLDL-triacylglycerides would result in an increased
conversion of VLDL to LDL particles or. an increased turnover
of VLDL particles in extreme-muscled DM cattle.

The fatty acid profiles of'the plasma\:;; thé
lipoprotein total lipid fractions observed in the present
study also support thé suggestion of an increased turnover
of lipoproteins in extreme muscled DM cattle.
Extreme-muscled DM cattle demonstrated a 51% (P<0.01), 20%
(P<0.1).and 23% (P<0.05) increase in the relative
concentratioh of the polyunsaturated fatty acids in
LDL-VLDL, HDL and plasma total lipid fractions,
respectively, as'compared to phenotypicaily normal-musbled
carriers. In each of these total lipid fractions, the

.
enrichment‘in pol}unsaturatién was due to an increased 18:2

concentration accompanied by a fall in 16:0 concentration.:

"Shepherd et al. (1978) have shown that these fatty acid
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compositional changes in man are associated with an
increased HDL flﬁﬂdity and sﬁggested that alterations in
fluidity influencé lipoproteiﬁ catabolism. Results of
previous studies Also support the suggestion that changes in
the fatty acid composition of lipoproteins alters their rate
¢f catabolism. For example, Thompson et al. (1976)
demonstrated that increased saturation of LDL cholesterol
esters decreased LDL apolipoprotein catabolism. Soutar et
al. (1974) showed that lecithin:cholesterol acyl
transferase, an enzyme involved in lipoprotein metabolism,
wvas dependent on the fatty acid composition of the

substrate. Furthermore, twiacylglyceride lipase, another

" enzyme involved in lipoprofein metabolism, hydrolyzed

’

~unsaturated triacylglycerides faster than saturated ones (La
Rosa et al. 1972). This evidence demonstrates that enzymatic
reactions with lipid substrates are influenced by the'
fiuidity of the lipids involvéd and that lipoproteins which
‘exhibit alterations if fatty acid composition which change
their fluidity will influence the rate at :hich these
particles are catabolizéd. Howéver,'if both phenotypic
gféups in the present study ate the same fation, th wou%d
.extreme-muscled DM cattle have an increased proportion of
polyunsaturated fatty‘acids? The most plausible reason for
this increased amouht of polyunsaturated fatty acids
probably and simély reflects the increaséd proportion of
‘cholesterol esters and phospholipids in plasma and plasma

lipoproteins from extreme-muscled DM cattle as compared to
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normal-muscled carriers. Cholesterol esters, in pargticular,
and phospholipids in plasma and plasma lipopréteins in
cattle and éheep are much more polyunsaturated than
triacylglycerides (Evans et al. 1961; Duncan and Gé}ton
1962, 1963; Garton and Duncan 1964: Leat 1966; Moore et al.
1968; Nelson 1969; Dryden et al. 1971; Marchello et al.
1971). Thus, the increased polyunsaturation in plasma
lipoproteins from extreme-muscled DM cattle merely reflects
their increased utilization of triacylglycerides rather than
mediating an ihcreased metabolism. of their lipoproteins.

One of the reasons foriconducting this study was that
it may provide insight into the structural lipid alterations
in erythrocyte membranes in extreme-muscled DM cattle
(Chapter IV). Though an increased polyunsaturation was
observed in erythrocyte membrane:phosﬁﬁolipids and in
lipoprotein lipids from extreme-muscled DM cattle, other
alterations in the fatty acid composition of lipoprotein
lipids were observed which were not similar, Thisvsuggests
that the changes observed infthe fatty acid composition of 7
erythrocyte membrane phosphélipdds in extreme-muscled Dﬁ
céttle is due to some other mechanism. However, it should be
realized that the manner in which phospholipids and
phospholipid fatty acids are exchanged between lipoproteins
and the erythrocyte membranes is not completely known (Dise.
et al. 1980).

In conclusion, the results of the pfesent study suggest

that extreme-muscled DM cattle utilize lipoprotein



é}iacylglycerides at an increased rate because of their
increased demand for energy. This proposed iqcmggsed
triacjlglycgride utilizatfon may be mediated thiéugh
increased metabolic activities of lipoprotein*}ipasés

possibly result1ng from thnges in endoq&@ne or

uﬁ e
neuroendocrine £unctxon. : ,«,' \\\:S
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VI. GLUCOSE ¢ONSUMPTION AND LACTIC ACID PRODUCTION RY -

ERYTHROCYTES FROM DOUBLE-MUSCLED CATTLE, CARRIERS AND NORMAL

CATTLE S .
; :
~
A. Abstract .
¢ .
The /n 4 itro glucose consumption and lactic acid

T ————
productlon by erythrocytes from 20 cattle of a, Beef : :

Synthetlc (SY) and 25 cattle of a "Double-Muscled"” (DM)

breed groups were determxned There were three age groups
and tvo sexes. within each breed group. Animals within the DM
breed group were categorized as phenotypxcally normal- to
moderate-muscled and extreme-muscled baged on the phenotypic’
expression of the “double muscllng* traxt and on thexr g
breeding history. Anxmal age was not found to 51gn1f1cant1y
influence glucose consumpt1on or lactlc acid production Ry A
erythrocytes. Both glucose copsumptioh'and_lac%ic acid .
production by erythrocytes from céttle of the.DM bréed groub
were significantly increased as compared to that by
erythrocytes from cattlefof the SY breed group
Extreme-muscled DM cattle. vere not s1gn1f1cantly d1£ferent
in either their erythrocyte glucose consumptzon or lacbic .

-

acid production compared to carrlers of the

B

"double- musclmg trait,. Both extreme-muscled fDM cattle ahd

carriers demonstrated significantly tncreased erythrocyte '.*
glucose consumption and lactic acid product1on relatxve to

.

-normal-muscled non-catrrier cattle of the SY breed group..No

s1gn1f1cant d1fference wvas observed 1n the erythrocyte

, »
Vi
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lactic acid producéion to glucose consumption molar ratioé\
by breed group or by phenotype. This increased raté of -
erythrocyte glycolysis observed for carriers of the Double
Muscled Syndfome, regardléss of phenotypic expression 5} the
"aouble-muscling"'trait, may be in respbnse to the

maintenance of the integrity of an abnormal, possibly more

fragile or "leaky" erythrocyte membrane.

‘B. Introduction

King and associatés (King 1975; King;et al.. 1976a) were
the first to demonstrate an increased erythfocyte osmotic
fragility in cattle exhibiting the Double Muscled Syndrome
(DMS). More recently, Basarab et al. (1980) observed an ~
increased susceptibi}ity of erythrocytes Eo osmotic lysis
ofrom phenotypically extreme double-muscled (DM) cattle as
compared to normal-muscled non-carrier cattle (Chabter I1).
These workers (King et al. 1976a; Baéarab et al. 1980)
suggested that cattle e;hibiting DMS may haveban erythrocyte
membrane alteration which may be indicative of a more
generalized membrane defect ip these animal types. The
nature of the abnormality resulting in an increased
erythrocyte osmotic f;agility,in DMS cattle ;s unknown.
However, the present author had previously observed
significant differences in the fatty acid composition §f
erythrocyte‘éémbrané phospholipids between extreme-muscled
DM cattle and normal—mugcled carriers of the

"double-muscling” trait, (Chapter IV). Cooper (1969) and

(=l
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Grinna (1977) have reported that alterations in the fatty
acid composition of erythrocyte membranes can alter
erythrocyte osmotic fragility and erythrocyfe membrane
fluidity and pérmeability. The present author had also
observed significantly increased serum triiodothyronine
levels and a\trend toward ihcreased serum thyroxine levels
in phenotypically éxtreme4muscled DM cattle as compared to
normal-muscled, non-carrier cattle (Chapter II11). Hulbert et
al. (1976) have showﬁ that thyroid hormones alter membrane
lipid composition and hence their fluidity. Other workers
(Necheles and ﬁeutler 1959; Snyder et al. f971; Monti and
Wadso 1976a) have dgmonstrateadthag thyroid hormones
significantly increased erythrocyte glucose'metaboiism.

~ Thus, it is unclear whether the increased erythrocyte

3

osmotic fragility observed in extreme-muscled DM cattle was
due to‘aﬁ alteration in some structural, component of;their
erythrocyte membrane or may reflect an alteration in;
erythrocyte metabolism possibly resulting from an endocrine
alteration.

. Glucose metabolism in mature eryfhrocytes occurs
primarily by way of the Embden-Meyerhof pathway with-5-10%
hetébolized by the pentose phosphate pathwéy (Rapoport 1968;
Kaneko 1974). The metaboliém of glucose by these pathways
results in. the formatioajof products (ATP, NADH, NADPH,
_etc.) which aré intimately involved in maintaining the

integrity of the erythrocyte membrane (Kaneko 1974). Thus

‘ changes in glucose metabolism may either result in or

1)



97
b .
reflect alterations in the fungtional state of the
erythrocyte membréne. Therefore, the objective of the
present study was to compare the rates of erythrocyte
mg;aboli§i in extreme-muscled DM cattle, carriers of the
"déuSle-musclingf trait and‘normal—muscled non-carrier

‘caﬁtle,by determining the rate of glucose consumption and

“lactic acid production in their erythrocytes.

C. Materials and Methoég

“Twenty,cattle of a Beef Synthetic (SY) breed group and
25 cattle of a DM breed group maintained at The University
of Alberta Beef Research Ranch, Kinsella, Alberta, were used
in the present study. There were-tﬁo sexes and three~age
groups (17 to 18~, 29 to 30- and 471 to 42fmo of age) within
each breed group. Animals within the DM breed group were
scored on a subjective scale of 1 (normal-muscling) to 5
(extreme-muscling) based on the degree of phenotypic
| expression of the "double—mus;ling" trait. Animals within
the DM breed group receiving a score of 1T to & and 5 were
categorized as phenotypicaily normal-to méderate- and
éxtreme-muscled, respectively. All animals in the present
study categorized as normal- to moderafe—muscled were
assumed to be carriers of the "double- muscl1ng trait since
they had e1ther produced double muscled calves or were 51red
by an extreme- muscled bull (Chapter I). The‘SY breed group
was .included as a normal muscled, non-carrier groub,}which

sh wed greatest similarity in breed composition and
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muscling- and fattening-type to the DM breed group (Chapter
I; Basarab et al. 1980).

Preparation and incubation of whole blood.

| Each animal was restrained in a cattle squeeze and 60
mL of jugular blood were withdréwn by venipuncture into
heparinized Vacutainers. To a 50 mL aliquot of the whole
blood was added 450 uL of an isotonic Tris buffer (0.172, pH
7.4), isotbnic'glucose solution (5.51%). A preliminary study
had shdwn that duriné a 4 h incubation of erythrocytes,
glucose may become limiting. The whole blood Solution,
éontaining 2.73 mM additional glucose was mfxed thoroughly.
Five mL aliquots were transferred to nine sterile 10 mL,
screw-capped, glass tubes and incubated at 37°C in a shaking
water bath for 4 h,. gll sambles were prepared for incubation
within 10 to 15 min of blood collection. Aseptic technique
.was observed throughout the preparation of whole blood for
the fn vitro incubation. At zero time and at subsequent 30
min intervals 51ngle tubes were removed from. the 1ncubat10n
bath and inverted several times prior to duplicate )
hematocrit determinations. A 2 mL aliquot.of whole blood was
immediately withdrawn and slowly run into 4 mL cold 8%
perchloric acid to stop glycolysis. This mixturé;was
vortexed for 30 sec and left in an;ice water bath for 5 min
prior‘to centrifugation at 3000 x g for 10 min at 20°C. The
proteﬁnffreg supernatant was refrigerated at 4;C until used
for i;ctic acid analysis. The remaihing blood was

centéifuged fbp 10 min at 3000 x g, the plasma collected,
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quick frozen in dry ice and.stored at -20°C until analyzed
for glucose. |

Hematocrits were determined by a standard
microhematocrit method. Lactic acid was determined by a
commercial lactic acid kit (Sigma Chemical Co., No.8§26-UV)
using the principle of -enzymatic conversion of lactate to
pyruvate and the reduction of NAD to NADH which was measured
on a Gilford 240 spectrophotometer at 340nm. Plasma.glucose
was analyzed by the neocuproine glucose method (Bittnervénd .
Manning 1967) adapted for the autoanalyzér (Technicon method
No.SE4-0002FF4). A
Calculations and statistipal analyses.

Glucose'coﬁcentrétions (mmoles/L\plaéma) at eachl30 min
interval per animal throughout the 4 h incubation were
converted to mmoles/L pécked'cells as follows (Love et al.

1977):

Glucose-(mmolés/L péckgd:cells) = Glucose (mmoles/L plasma)

x total plasma volume(100-PCV)/total cell volume (PCV).

4

Lactic acid.concenttations (mmoles/L blood) for each time
interval per animal over the 4 h idcubatiop?divided by
Pév/100‘gives mmoles lactic acid/L packed cells. Each
glucose-an‘\lactic acid calculation was done using the
individual EQV value from the appropriate incubation time
interval. Thé differenée be£ween the glucosé‘or lactic acid

concentrations (mmoles/L packed cells) per animal at the
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beginning and end of each incﬁbation time interval
reptesents the amount of glucose consumed or lactic acid
produced per incubation time interval. Glucose consumption
and lactic acid production rates (mmoles/L packed cells/h)
for each animal were then determined by the linear
regression of mmoles lactic acid or glﬁcose/L packed cells
against incubation time intervals.

' The glucose consumption and lactic acid production
rates, the initial plasma glucose and blood lactic acid
concenFrations, the,initial PCV value and the lactic acid
‘production to glucose.cdnsumption (mmoles/L packed cells/h)
molar ratios per animal were statistically analyzed by liasf
squares analysis of variance (Harvey 1960). Sources of
variance for the testing of breed groups were sex (n=2), age
(n=3), sex x age, breed group (n=2), sex x breed groups and
age x breed groups. Sourcés of variance for the testing of
phenotypes were sex, phenotype (n=3), sex x phenotype, age,
sex x age and phenotype x .age. Those sources of variance
with siénificant F-values were tested for significance.by

the Student-Newman-Keuls multiple comparison of means (Steel

and Torrie 1980).

D. Results and Discussion

The leagt sduares_mean initial plasma glucoée
concentration of 9.25:0.17mM observed for cattle of the SY
breed group was significantly (P<0.01) higher than'the'ﬁean

of 7.6816.14mM observed for cattle of the DM breed group.



o
e

101
A . !
’Analysis of the data by phenotype showed thaf injtial
glucose concentrations bétween extreme-muscled DM cattle and
phenotypically normal-to moderate-muscled cattle of the DM
breed group were not significantly;(P>0.05) different (Table
VI.1). Both DM phenotypes gave mean initjal glucose
concentrations sigﬁificantly (P<0.01) lower than that"
observed ih normal-muscled non-carrier SY cattle (Table

o _
VI.1), Taking into consideration that an average of 4.38

mmole glpcose[L piasma was added‘to each s;mplé prior to
incubation,.the actual plasma glucose concentration observed
for cattle in the present stuay are within the range of
those reported by ofh;ré (Hglmes and Robinson 1970; Holmes
et al. 1973; Strath et él. 1980). |

.The least squares mean initial blood lactic acid
concentration of 2.66+0.49 mM observed for SY cattle was not
,significanlly (p>0.05) different from the méan.of 1.9410.42
mM observed for gatt1e~of the DM breed group. Analysis of
the data by phenotype demonstrated no significant (P>0.05)
difference in the initial lactic acid concentrations between
‘the DM phenotypes nor bétwéeh the DM phenotypes and thé
normal-muscled non-carrier SY breed group.bThe initial
llactic-acid.concentfations observed in the present study
were sliggtly lower than those reported by Holmes et al.
(1972a, 1973) for normal Hereford catt}e and cattle with
Inherited Muscular Hypertrophy. (MH) sampled by jugular

venipuncture. Strath et al. (1980) observed lower values

when sampleqﬁ!é;e obtained by jugular catheter from 18-month
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old half-sibling MH and normal-muscled bulls.

The phenotype differences observed in this study for
initial plasma glucose and blood lactic acid concentrations
are not in agreement with results reported bf Holmes et al.
(1972a, 1973). These workers reported significantly higher
mean plasma glucosg and blood lactic acid concentrations in
MH Angus as comphred to normal-muscled Héreford cattle,
sampled by jugular venipuncture. Despite the possible
confounding effect of breed in their study, Holmes and
co-workers suggested that these differences may reflect the
greater degree of excitability of MH cattle as compared to
normal cattle and that the greater excitability of MH cattle-
may be a consequence of their higher blood lactic acid.
However, Strath et al.(1980) observed no significant
influence of mild temperature or nutritional stressors nor
of animal type on plasma glucose and bloodblacticbacid
concentrati;nS‘for extreme-muscled DM cattle and carriers of
the "double—muscling" trait, sampled by jugular catheter. ;h
another study in which blood samples were obtained by
jugular catheter, plasma glucose concentrations before and-
after a mild nutritional stress in homozygous and
heterozygous MH Angus bulls were'reported to be lower than
in normal-muscled Anqus bulls (Holmes anthobinson 1970).
Holmes and Robinson (1970) therefore suggested that since MH
cattle have decreased energy‘reserves stored és fat and a

reduced ability to mobilize them, these animal types during

times of increased energy demand must utilize gluconeogenic
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amino acids and volatile fatty acids to satisfy their energy
demand. This may lead to a reduction in glucose precursors
(Holmes and Robinson 1970) and a lowering of blood glucose.
Blood lactic acid concentrations during the action of mild
stressors have been variable (Holmes et al. 1973; Strath et
al. 1980). However, during the action of more severe
stressors such as prolonged exercise and epinephrine
injection, blood lactic acid concentration has been observed
to increase at a more rapid rate in MH as compared to normal
cattle (Holmes and Robinson 1970; Holmes et al. 1972c,
1573). Holmes and co-workers (Holmes and Ashmore 1972;
Holmes et al. 1973) suggest that this rapid increase in
blood lactic acid in MH cattle exposed to exercise,
metabolic or possibly blood sampling stressors is due to
their increased muscle glycolytic capacity and reduced size
of heart, liver, kidn#y (Oliver and Cartwright 1968) and
oxidative muscle fibers which utilize lactic acid. Thuﬁ, the
type, severity and length of stressors imposed on*MH cattle
can influence the proportion of glycolytic versus oxidative
metabolism of their muscle. Since blood sampling by .
venipuncture imposes varying degrées and types of stress on
the animal, variafion in blood parameters affected by
hst:essofs may be expegted. Further, concenirations of blood
metabolites are of limited value unless one knows their
flux.

~The least squares mean initial hematocrit value of

38.9t0.6% observed for SY cattle was significantly (P<0.05)

%
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higher than the value of 36.8:0.06% observed for cattle of
the DM breed group. Analysis of the data by phenotype showed
that initial hematocrit values between phenotypicallj
extreme-muscled and phenotypically normal- to
modeérate-muscled cattle of the DM breed group were not
significantly (P>0.05) different (Table VI.1). Other studies
(for example, Appendix 9) carried out by the present author
in which blood samples were collected by jugular
venipuncture have shown that differences in hematocrit
values between DM phenotypes and between DM phenotypes and
normal-muscled SY cattle were variable. This seems to
indicate that the breed group difference in hematocrit
values observed in the present study was more re€lated to the

stressors imposed during sampling. This suggestion seems
more credible since cattle of the DM breed group have“g'een
exposed to much more handling and confinement stressors than
cattle of the SY breed group. Thus the higher plasma glucose
and bloqdllacfic acid co?tentrations observed for SY cattle
in the present study may also be due to the greater‘effect
of stressors on unfamilar animals. The correlation
coefficients for hematocrit with plasma glucose
concentration and blood lagtié.acié concentration with
plasma gluco§é concentration seem to be in agreement (Table
‘VI.2). In a study in which hematocrit values were not
confounded by stress, lower values for both extreme-muscled

DM cattle and carriers as compared to normal cattle have

been reported (Monin and Boccard 1974). Ansay and Hanset
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(1979) observed a similar result and stated that the lower
hematocrit found in cattle ekhibiting the "double-muscling”
conformation qu be related to the generalized hypotrophy of
their non-muscular tissues (Oliver and Cartwright 1968;
Monin and Bo;card 1974), especially those affecting blood
~cell formation (bone and spleen). - |

As may be expected, the /n vitro determinations of
glucose consumption, lactic acid production and heat
production by erythrocytes vary significantly depending on
such experimental conditions as pH, temperature and glucose
concentration (Murphy 1960; Garby and de Verdier 1964;
Minakami and Yoshikawa 1966; Rapoport 1968; Travis et al.
1971} Levin 1873; Monti and Wadso 1976b). Within |
physiological limits, pH is positiveiy correlated with
erythrocyte heat production, glucose consumption and lactate
production (Murphy 1960; Garby and de Verdier 1964; Minakami
and Yoshikawa 1968; Rapoport 1968; Monti and Wadso 1976b).
In samples monitored for pH during the present 4 h,‘in
vitro, incubation study, pH dropped by 0.05 to 0.1 units.:
Rapoport (i968) states that in order to keep pH constant
during the in vitro incubation of erythrocytes, buffer§ of
higﬁ capacity such as 0.% M-tris~HC1l may be used. In the
present study the concentrationkof tris buffer in the
incubated whole blood was 1.53 mM. Thus, the Qlucose
consumption and lactate production values defermined in this

4

- study may lack quantitative significance, though, they do

serve for compatisons. Further, the differences in
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eryth%ocyte glucose consumption and lactate production
vglues‘observed befween cattle of the DM breed group and
normal cattle (Table VI.1) are probably under estimated
because,of this pH effect on erythrocyte glycolysis.
Throughouﬁ the present inqubation study, the
temperature of the medium was maintained at 37°C. Plasma
glucose concentrations at the beginning of the incubation
beriod were variable (6-12 mM). Significant negative
correlations were observed for initial plasma glucose
concentration with glucose consumption and with lactic acid
production by erythrocytes (Table VI.2), However,
investigators.have demonstrated no significant dependency‘of
glucose consumption or Jactic acid production by human
erythrocytes when glucose concentration of the medium varied
within the range of 4;50 mM (Garby and de Verdier 1964;
TraQis et al. 1971). Glucose concentrations less than
0.4-0.6 mM have been reported to influence glucose
consumption by erythrocytes (Garby and de Vefdier.1964:
Rapoport 1968). Monti an§ Wadso (1976b) showed that heat
préduction by erythroctyes was not significanfly influenced
when glucose concentratjons were varied between 3 and 32 mM.
A significaét correlation (r=0.57, P<0.001) between glucose
consumption and heat production. by erythrocytes has been
reported (Monti and Wadso 1976a). In the present incubatian
study, heparin was used as the anticoagulant. This compo
hag not been shown to éignificantiy influence ‘the metabolism.

of glucose by erythrocytes (Guest et al. 1953; Levin 1973).
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Other factors such as hemoglobin concentration (Honti 1977),
external concentrations of Mg and Ca and extracellular Na
and K within physiological limits were demonstrated té have
no significant influence on glucose consumption'by human
erythrocytes (Garby and de Verdier 1964). Further, no
significant correlations were observed in the present study
between hematocrit and‘glucose consumption or lactic acid
production rates by blood cells or between initial blood
lactic acid concentration and lactic acid production:rates
by blood cellg (Table VI.2).

The ]Jeast squares mean glucose consumption by blood
cells of 0.5610.03 mmole/L packed cells/ﬁ obsetved f&r all
cattle of the SY breed group was siénificantly (P<0.01) |
lowe? than the mean of 0.73$+0.03 mmole/L packed cells/h
observed for all cattle of the DM breed group (Fig. VI.1).
When the data were analyzedaby phenotype, the erythrocyte
glucose consumption in phenotypically extreme-muscled DM‘
cattle and phenotypically normal- to mbderate*muscled cattle
of the DM breed group were not significantly (P>0.05)
different (Table VI.1). The mean values observed for glucose
consumption rates by blood cells in the ﬁresent study are in
agreement with the rates of 0;58, 0.75+0.04 and 0.65i0.09\
mmole glucose/L erythrocytes/h reported by Laris (1258);
Love et al. (1974) and Love et al. (1977) for cattle of ‘
various ages and sexes and with the rates of 0.6919.19 and
0.63:0.004 mmole glucose/L erythrocytes/h reported Sy Leng

and Annison (1962) and Sutton (1976) for sheep of various



ages and sexes.

.

The .least squares mean lactic¢ acid production by'blood

cells of 0.970.06 mmole/L packed cells/h for all SY cattle

¥

was significantly (P<0.01) lower than the mean of 1.38+0.0%

mmole/L packed cells/h.observed for all cattle of the DM
breed group. The lactic acid production curve, over the 4 h
incubation §eriod, clearly illustrates this breed group
difference (Fig. VI.2). No significant (P>0.05) difference
was observed in lactic acid production by blood cells
between phenotyp1cally extreme muscled and phenotyplcally
normal- to moderate-muscled cattle of the DM breed group
(Table VI.1), The mean values for lactic\acid production
rates by blood cells observed in the present study are «
similar to the rates of 1.6210. 29 and 1.1840.01 mmole lactic
acid/L erythrocytes/h reported by Leng and Annison (1962) ¥
and Sutton (1976) for sheep. .

Both glucose consumption and lactic acid production by

blood cells were linear o§er the ¢ h incubation period (Fig.

VI.1 and VI.2), with an average of the r? values for all
animals in the present study of 0.96+0.005 and 0.96+0.007,
respectively. This linear relationship for glucose
consumption and lactic &cid production by erythrocytes from
various mammalian species over a 4 h, fn vitro, incubation
(37°C);period has been observed by other workers (Laris
1958; Garby and de Verdier 1964; Agar and O'Shea 1975;

L4

Sutton 1976).
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The least squares mean lactic acid production to
glucose consumbtion,molar ragéb for blood cells of 1.7610.10
for all SY cattle was not siénificantly (P>0.05) different
from the mean of 1.92:0.08 observed for all cattle of the DM
breed group. No significant (P>0.05) difference was observed
in this ratio between DM phenotypes or between the DM breed
group and the normal-muscled non-carrier SY cattle (Table
VI.1). The mean lactic acid to glucose molar ratios observed -
for blood‘cells in the presédf study are in agreement with
those of 1.93 and 1.86 observed for sheep erythrocytes*b§
Agar and O'Shea (1975) and Sutton (1976). Approximately 94%
of the glucose carbons which were consumed by the blood "
cells, in the present study, appeared as lactic acid. This
‘was calculated on the basis phat, anaerobically, two moles
of lactic acid are produced from one mole of glucose. This
is in agreement with other workers who reported that 90-95%:
of glucdge metaboiized by erythrocytes in varibus mammaiian
species including cattle and sheep flows through the EMP,
with 5-10% of the glucose éarbohs being iost to other
pathways such-as the pentose pho§phaté pathway (Yunis .and
Yashmineh 1969; Kaneko 1974; Love et al. 1974; Agar and
O'éhea 1975; Harvey and Kéneko 1976). Thus, the lactic acid
to glucose molar ratios and the lacéic acid production rates
observed for cattle blood cellg in the present stuéy are’ in
agréement with values reported in the'litératufg for'ca;tle;

The only significant effect of sex observed in thev

present study was on lactic acid prdductionvby blood céllé.

’ . ~
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Values for male and female animail® were 1.39%0.06 and
1.142£0.04 mmole lactic acid/L packed cells/h (P<0.01),
respectfvely. Animal age was not observed to significantly
(P>0.05) inf}ﬁence any of the measﬁred pafameters when data
were agflyzed by breed group or phenotype. No biologicaily
significanfrinteractions effects were observed.

In the present study leukocytes were not removed from
the blood samples prior to incubation. This raises the
possibility that the differences observed in glucése
consumption and laétic acid production by phenotype were due
~to differences in leukocyte counts. The rate of glycolysis
in-leukocytes is 200 to 900 times greater than that in
erythrocytes and contribute significantly to the total By
glycolysis in blood (Guest et al. 1953) even though
eryéhrocytes out number leukocytes by 700-900 to 1 in cattle
(Appéndix‘Q). In the data presented in Appendix 9, no
significant differences were oggervgd by phenotYpe‘in
erythrocyte, leukocyte or differehtiai‘léqkocyte ééunts nor
in any of the other hematological pafamet;rs presented.
Thus; the results of the present study deménsfrated that the
‘Hates of glycolysis in blood cells from‘extreme-muscled DM
cattle and carriers of the "double-muscling” trait were
significantly increased as compared to normal-muscled
non-carrier cattle of the éY breed group. Kolataj and
associates (Kdlataj et al. 1979a, b; Kénecka et al. 1979)

‘ have measured the activity of certain plasma enzymes in

9

normal, hetekézygous and double muscled cattle andvsuggested

4



that double muséledvéattle have an increased rate of
glycolysis. Kolataj et al. (1979a) also speculagad that
double muscled cattle have an increased metabolic rate. This
speculation has since been confirmed by Strath et al.
(1981).

In a previous study (Chapter II), it was reported that
extreme-musbled Dﬁ4cattie demonstrate a significantly
increased susceptibility of their erythrocytes to osmotic -
lysis as compared to carriers of the "double-muscling™ trait
and to normal-muscled non-carrier cattle of the SY breed
group (Basarab et al. 1980). The results of the present -
study suggest that the erythrothés from phenotypically
extreme-muscled DM cattle have increased their rate of
glycdlysis, thus‘increasing ATP, NADH and NADPH production,
in order to maintain the infegritx,of an abnormal, possibly
more fragile or "leéﬁy“ membrane. Othér evidence has been
 reported‘to sﬁpport an increased glucdse§metaboli§m in
erythrocytes from éxtreme-muscléd DM cattle. For example,

. Strath et al. (1980) reported increased serum
triiodothyronine (T,) concentrations in phehotypically’i
extreme-muscled DM cattle as coméared to carriers of the
"double-muscling™ trait. The present author §58~previously
observed (Chapﬁer‘fII) an increased serum T, concentratio;
and a trend towabd@increaSed serum thyroxine concentrations
in phenotypically extreme-huscled DM cattle as compared to
carriers of the "double-muscling” trait and to

normal-muscled non-carrier cattle of thé‘SY:bfeed group. It
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may be suggested that the increased serum T, concentrations
associated with the extreme-muscled cattle in the DM breed
group may be inQolved in the mediation of their increased
erythrocyte glucose'metabolism, sinée other workers
(Necheles and Beutler 1959; Snyder et al. 1971;‘Monti and
Wwadso 1976a) have demonstrated that thyroid hormones
significantly increase glucose consumption and heat
production by erythrocytes. However, Monti and Wadso (1§76a)
haye also discussed the possibility of th&roid hormones
altering glucose metabolism of erythrocytes by increasing
the actiQity of the pentdse phosphate pathway. In the
present study no significant'difference was observed in the
.lactic acid to glucose.molar ratios by pﬁenotype (Table
Vi.1), thus indicatipg no significant difference in the way
~in which erythrocytes from each phenotype metabeliied
glucose. ‘ d -

An 1nterest1ng aspect of the present study and of
others carried out by the present author was the
"51gn1f1cantly 1ncreased rate of erythrocyte glycolys1s
‘observed for carriers of ‘"double- musc11ng w1thout-a
correspond1ng 51gn;f1cant'1ncrease in erythropyte osmotic
'fragiiity.(Chapter I1) and serum T, concentration (Chapter
III), as compared to normal-muscled ﬁonecarrier cattle of
the SY breed-group This apparent inconsistency in the
relatlonshlp carriers have, in many parameters stgé1ed to

extreme muscled DM cattle and to normal cattle has been

7fobse;ved by others (011ver and Cartwright 1968; Holmes and

0o
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Robinson 1970;‘West 1974). Depending on the parameter under
study, carriers can be either more like the egtreme-muscled
DM animals, normal cattle or be intermediate. Thus, as |
‘'suggested by other workers (Oliver and Cartwright 1968;
Kieffer et al. 1972a, b; Rollins et al. 1972; Kieffer and
Cartwright 1980; Chapter I) the expressioh of the
fdonIe-muscling" trait and its manifestations in the
heterozygote has incomplete penetrance. The phenotypio
expression ofAthe "dohbleemuScling" trait' and the number and
degree of traits associated with ita expression will
therefore depend on the proportioh of a bufferihg genotype
present (Chapter I). It may therefore be suggested that the
increased rate of'erythrocyte glycolysis observed in the
present study for earriers may'have"been sufficient to
maintaih'their»erythrocyte osmotic fragilitj vithin_the
normal range. Ih the oaSe of‘thefextreme-muscied-DM cattle,
the increaSed.glucose-metabolism by their erythrocytes hay
be prevent1ng severe phy51olog1cal damage, however may not
hbe suff1c1ent to ma1nta1n thelr erythrocyte osmotic -
,frag1l1ty within the normal range.

| In conclusion, the reaults'of‘the.preseht‘study have
-demonatrated thathali.carriera of the "double-ﬁUScling”

tra1t, regardless of phenotyplc expre351on of the tra1t,

have an increased rate of erythrocyte glycoly51s ‘as’ compared .

to normal- muscled non- carr1er cattle, Th1s 1ncreased rate of
.erythrocyte glycoly51s may be 1n response to the malntenance

of_the 1ntegr1ty»of an abnormal, poss1b1y more fragrle or.
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‘"leaky" erythrocyte membrane. What mediates this increased
erythrocyte glucose metabolism{is unknown, though thyroid
hormones hévé been implicated. Further, the extrapolétion of
an:;bnormal efythrocyte membrane to a mofe generalized
membrane‘defe¢t as suggested by King et al. (1976a) and
Basarab et al. (1980), has important implications to tﬁe
-overall energy metabblism andvphysiology‘of cattle which are

carriers of the "double-muscling" trait.
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GENERAL SUMMARY AND CONCLUSIONS

v .
The objectives of this work were to examine the mode of

inheritance of the "double-muscling™ trait in cattle, to
verify the occurrence of a membrane defect in these animals
and to examine its nature and manifestations.
Mode of inheritance

The investigation reﬁorted herein on the mode of
inharitance of the "double-muscling™ trait in cattle
supports the eyidence ﬁhich suggests that this trait is
under the control of a single recessive gene pair with
" variable expression'in the heterozygote mediated by
modifying gene~produtts. The possibility ‘that the trait is
quantitative and under the influence of many'genes is still
present.
Memqiahe defect, nature and man1festat1ons

Phenotypically extreme dduble-muscled (DM) cattle were
demonstrated to have an intreased susceptibility of their
erythrocytes to osmotit lysis as compared to carriers of the-
"double-muscling" trait and to normal cattle. This finding
was thought to be indicative of a generalized membrane
defect in dbuble-musclbd cattle. Examination of the lipid
composition of erythrocyte membranes from extreme-muscled DM
cattle revealed alterations in the fatty acid composition of

their erythrocyte membrane phospholipids as compared to
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normal-muscled carriers. These «lterations in fatty acid
composition may, to some degree, contribute to the increased
erythrocyte osmotic fragility observed in extreme-muscled DM
cattle. The altered fatty acid composition observed in the
erythrocyte membranes from these animal types would
undoubtedly alter the fluidity and permeability and thus the
functional statevof this membrang system,

From an evolutionary‘point of vieﬁ, membrane systems
have evolved to a complexity where sudden changes in‘;heir
functional integrity, brought about either as a direct or.
indirect ‘result of a genetic disorder, have a high
probability of being deleterious. In order to Aain;ain
homeostasis, and thus survival of the orgahism, the cell
must bring‘into play certain counter-balancing mechanisms.
The increased production of ATP, NADH and NADPH, which play
a major role in maintaining membrane function, would
therefore be of conseguence. Thﬁs, the observed increased
rate of glucose consumption and lactate production by
erythrocytes from éxtrqme—muscled DM cattle and carriers as
compared to normal cattle is suggestive of an ‘increased
erythrocyte gl}colytic rate in order to maintain an altered,
possibly"leaky", membrane, |

The above obsgfvations, theiY extrapolation to other
membrane.systems, the observed increased tfiiodothyronine
concentration in extreme-muscled as compared to normal
cattle and the decreased concgntration of triacylglycerides

in plasﬁa and piasma iipOpro;eins from extreme-muscled DM
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4
cattle as compared to normal-muscled carriers all point to
an increased demand for energy in phenotypically o

n

extreme-muscled DM cattle.

Biochemical abno:nality responsible

The studies repogtéd herein as well as observationk
reported\Ey others seem to point ta two alternative N
explanatidns as to the primary biochemical lesion
responsible for the Double Muscled Syndrome in cattle. The
first suggests that the gene(s) responsible produces a gene
product(s) vhich‘mediates its expression‘by altering the
. structural integrity of cell membrane&. This ;ésulgs in a
proposed disruption of neuromuscular contaét'which in turn
results in hypertrophy and hyperplasia of myofibers; alters
cellular metabolism and hence muscle fiber type. All other
physical, physiological, histological and biochemical
‘icharacterlstxcs assoc1ated with this syndrome are therefore
| proposed to be thq result of the 1n1t1al alteratzons in cell
membranes. The second hypothesis ‘Suggests that the gene(s)b
Vresponsjbie for "double-muscling” produces a éiqe_product(s) ‘
vhich alters some aspect of endocrine or neuﬁoendocrine
functionality. This in turn alters cellular differentiation,
growth and metabolism.: Bofh explanations appear t§ be
equally plauSIble. Thus at the molecular level we run 1nto
an old puzzle about the chicken or the eggq. Whlch came
flrs;, alterations in cell membrane funct1ona11ty ot

alterations in endocrine or neuroendocrine status? The,

%
of



answer to this guestion and that of others lies in the

further experimental investigation of the Double Musgcled

Syndrome in cattle.

Ld
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APPENDICES

Appendix 1. Determlnatlon of correction factors for plasma
lipids and phospholipid classes on the Iatroscan
TH-10 Mark-II Analyzer TLC/FID system.

Appendix 2. Percent and average percent- lipid class
composition * SEM of lipid .standa:d solution for the
determination of correction factors (CF) for rod and
run variation and response of cholesterol esters,
triacylglycerides, free fatty acids, cholesterol and
phospholipids on the Iatroscan TH- 10 Mark-1Fp
Analyzer.

Appendix 3. Percent and average percent phospholipid class
composition + SEM of lipid standard solution for the
-determination of correction factors (CF) for rod and
run variation and response of phosphatidylcholine
and sph1ngomye11n on the Iatroscan TH-10 Mark-II
Analyzer. .

Appendix 4. An example of a chromatogram for erythrocyte
membrane lipids in cattle,

Appendix 5. A typical chromatogram of lipid standards used
for the determination of lipid correction factors
and identification of plasma lipids.

vAppendlx 6. A typical chromatogram of phosphol1p1d standards
used for the determination of correction factors for
plasma phospholipids. '

Append1x 7. An example of a chromatogram for- plasma }ipid
classes in cattle. ,

-

o - B
-Append1x 8. An example of a chromatogram for plasma
phospholzpld classes 1n cattle.
, %
Append1x 9. Least squares means of some . hematology
. parameters in normal-muscled cattle of a Beef .. . .|
Synthetic breed group and normal- to : oA

moderate-muscled and extreme-mUScled cattle of a
"Double-Muscled" breed group. -
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Appendix 1. Determination of correction factors for plasma
' lipids and phospholipid classes on the Iatroscan
TH-10 Mark-11 Analyzer TLC/FID system.

+Lipid Standard:

1. A neutral lipid standard (No. 178-4, 100 mg) containing
25% cholesterol, 24.9% cholesteryl oleate, 25.1% oleic
acid and 25% triolein obtained from Sigma Chemical Co.,
St. Louis, Mo. 63178, U.S.A., was dissolved in pentane.

- 2, An aliquot of 'this neutral lipid standard was
transferred to a pre-weighed scintillation vial. This
lipid solution was evaporated to dryness under nitrogen
and weighed. There was a total of 16.1 mg of neutral
lipid in the vial. . ‘ "

3. To the vial containing the neutral lipid standards was
added 500 uL of a solution of chloroform:methanol (2:1,
v/v) containing 4 mg/mL phosphatidylcholine and 1 mg/mL
sphingomyelin. Chloroform:methanol (1.5 mL, 2:1, v/v) .
was added to the vial making the final working lipid
standard concentration equal to 9.3 mg/mL. The final
composition of the working 1lipid standard solution was
21.64% cholesterol, 21.55% cholesteryl oleate, 21.73%
oleic acid, 21.64% triolein and 13.44% phospholipid (80%
phosphatidylcholine and 20% sphingomyelin). ,

All solvents were reagent gradé and were glass distilled
before use. _ : '

Procedure:

1. A 5 uL microsyringe was used to spot approximately 1 uL
of the lipid standard solution per chromarod S-I1I.of a
set of 10 rods contained in a metal frame rod holder.

2. The frame containing the spotted rods was then placed *~
into'a filter paper lined glass tank and developed for
45 min in a solvent mixture of methylene
chloride:chloroform:acetic acid:methanol
(98:8:0.4:0.15).

3. The frame was removed from the tank and dried in a
- forced air oven at 60°C for 3 min.

4. ‘This frame was then transferred to the scanning stage of
- the latroscan TH-10 Mark-II Analyzer (latron
Laboratories Inc., Tokyo, Japan, world-wide factory

representatives and marketing consultants:

Newman-Howells Associates Ltd., Winchester, United_
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Kingdom) and each rod was scanned completely.by passing
through the FID head.

The FID was operated with a hydrogen gas flow of 160

- mL/min from a pressure of 0.75 kg/cm? and compressed air
~at a flow of 2000 mL/min. A 30-tooth gear was used for

the automatic scanning of the ten rods. The recorder
chart speed was 20 cm/min and sensitivity was set at 0.1
volts.

- A Houston Model B5217 2-pen flat~bed chart recorder

connected to the Iatroscan TH-10 analyzer was used to
record the lipid peaks and their integrations (Appendix
3 and 4). )

A total of eight runs of the lipid standard solution per
sét of ten rods was carried out for the determination of
the correction factors for lipid classes (Appendix 2).

The integratibn number for each lipid/rod/run were
detgrmined. Calculation of the percent composition of
e lipid in the 1lipid standard solution/rod/run were

~determined by the following formula: .

Integration no. .of lipid(a) on rod(b) for run(c) x 100,
Total integration no. of all lipids on rqp(b) for run(c)

where

a = cholesterol esters (CE), triacylglycerides (TG),
free fatty acids (FAA), cholesterol (C) or

phospholipid (PL), v

rod numbers 1 to 10 and

run numbers 1 to 8.

b
c
v

The percent composition of each lipid/rod[runv(Appéﬂdix o
2) vere then analyzed using the one-way analyses of S
variance (Steel and Torrie 1980). ' :

Correction factors (Appenaix'z)'far the response of each
lipid on each rod was determined as follows:

Actual ¥ of iipid(a) in standard lipid solution, -
Observed % of lipid(a) on rod(b) for run(c)

where

= CE, TG, FFA,C or PL,
rod numbers 1 to 10 and
run numbers 1 to 8.

t

a
b
c

Calculation of’percehﬁ compoéition of lipid classes in
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samples were determined as follows:

Sample integration no. of lipid(a) on rod(b) for run(c)
Total sample integrations of lipids on rod(b) for runlc)

% 100 x average -CF for lipid(a) on rod(b), where

12,

13.

14,

15,

CE, TG, FFA, C or PL,
rod numbers 1 to 10 and

a
b
c run numbers 1 to 8.

The working lipid standard solution used for the
determination of lipid class correction factors was also
used for phospholipid class correction factor \
determination, : L

Approximately 1 uL of the lipid standard solution was
spotted on each rod of a set of 10 rods contained in a

"metal frame rod holder.

The frame containing thg spotted rods was then placed
into a developing tank and developed for 45 min in a.

'solvent mixture of methylene chlorideichloroform:acetic

acid:methanol (98:8:0.4:0.15). The rods were dried,
scanned down to the phospholipid band, re-developed for
1 h in chloroform:methanol:water (80:30:3.5) and then
scanned completely to obtain standard phospholipid class
peaks and their integrations (Appendix 3). S

Correction factors for the phospholipid classes ;
(Appendix 3) were then determined the same as those for
lipid classes. Correction fagtors for the minor -

' phospholipid classes were assumed to equal 1.
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Append1x 5. A typical chromatogram of lipid standards used
- for the determ1nat1on of 11p1d correct1on
> factcrs and 1dent1f1catlon of plasma lipids.
’i-' Rods Spotted w;th 1 uL/rod of 11p1d standards
| were developed. in. methylene , _,f".~ )
chior1de:chloroform:acetlc acid:methénolx

v
(98:8:0.4:0.15) for 45 min,
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Appendu 6. A typical chromatogram of phospholipid
. stand?rds used for the determnation of *
cotreoﬁon factors for plasma phospholipids.
' -Rodmtted with 1 uL lipid standard/rod vei‘e
developed in methylene T '_
'chloride:chlorofqm:avc;t-i-‘c ac'id:mit'h‘ahol_v : T
.(98.3-&.0 4:0.15) for 45‘ _,iﬁ. The rods i.\ L~ B
*scanngd dovn to the phospholipid band, DR “' :
re-developed in: chloroform:methanol uater "' 1 4
(80 30;3 5) for 1 h and then scanned | LR
. A
completery. - S - e B |
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Appendix 7. An e‘xample.of a éhroihatogram for plasma ;ipi-d‘A i y »’_--":%
classes in caftle. Rbés spotted with. . | ) ‘
L ., :
approximately 1 uL of plasma lipid. eitract/rod L
vere developed in\methylene : | R Y - (
,_  loride:‘chlo:-oforlfx:acetic acid:methanol iy - J
(98:8:0.4:0.15) for 45 min. . - Lo b ’
. . , | d
ow . . . 7:-"'1’ . .
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o
&
. . ‘



154

‘10183881040

*piov Aey eei4 _

. 88pUeoKBiAoey)

e

816]80 |0J0}80j0YyD)

Al

U0 UBAOG — — - -

A

Cwo—_.

o

-




155,

o

Tr A e

, , #
Appendix 8. An example o chromatogram for plasma

phosphollp1d classes in cattle. Rods spotted }

‘w1th approx1mately 1 uL of plasma lipld ‘ /
Vextract/rod were developed in methylene |
'chlorlde chloroform acetlc acid: methanol ' . A
(98:8: 0 4 0.15) for 45 m1n. The rods were - el .
“scanned down to the phosphol1p1d band "
re-developed in chloroform'methanol:watet

: - (80 30 3 5) for 1 h and scanned completely.g
S - e
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