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ABSTRACT

The rate of lipolysis as measured‘by glycerol re-
lease and as influenced by hormonal treatmentxwés compared
using subcutaneous adipose tissue from Cattie ofrvarying
‘frame size; Cattle were assigned to frame size ;ccording
to the USDA feeder grade standards. They were fat biopsied
at three different times on a finishing diet (166, 194 and
214 days). An isolated fat cell method was'utilized to -
determiné-rate of lipolysié as measured by glyceroi'tglease.
Epinephrine,rinsulin,and'a combinétion of both wére used as’
- the hormone treatments. .Incubétion périods Weré 60 and 120
minutes in length. Rate of lipolysis was Compared to the
carcass composition of the various frame éize-éattle.

The epinéphrine treatment caused thé largest (P<.OS)
release ofvglycérol_fegardless of frame éize}: Iﬁsulin'wés”
established'as,an éntilipolyﬁic agent be;ause_of_the
observed antagoﬁistic.action on epinephrine'and its influ-
ence on rate of lipolysis.

The rate of lipolysis was greatér-(P%.QS> in cattle
of the large frame.size (LF) as comparedvtp medium (MF) andv
‘small frame (SF)'éattle; ’Compérisoh by time;oﬁ feed’demonr
strated that théfe was minimal éffeét on lipolyéisbas :

time on feed increased.

viii:



ix -

The chemical carcass composition data revealed
that LF cattle had the lowest (P<.05) percent lipid with
the MF and SF following, reépectively. A'comparison of

days on feed within frame size demonstrated that SF animals

deposited lipid at a greater rate than the other two groups..



1. INTRODUCTION

The process of fattening (i.e. deposition of 1lipid
'in,adiposé tissue) is a normél occurrence in growth anc
vdévélopment of meat producing animals. The rate at which
thié?proéess'takes place is,determinéd by the net rate of
'twd key metabolic functions. They are: (1) the_removal
- of li@id and lipid precursors from the bloodstream during
times of sufficieht caloric intake, and (2) the subsequent

release of fatty acids and glycerol during periods of

—_——

caloric deficiency. This latter function is an extrémely
impbrtant metabolic phenomenon for the maintenance of life
~duringApefiods of energy deprivation and stress. During
perio&s of prolonged fasting or heavy muscular work, up to
50% of the total Co, produced by mammalian species is
derived by the oxidation of fatty acids (Havel et al.,
1963) . |

The rate of lipid mobilization wvaries in response
to physiologicalAand pathological changes. These changes
can be in the form of nutritional regimens Or‘endocrinolog;
ical stimulus which can affect the interaction between fat
and éarbohydrate metéboliSm. Endocrine regulation has

received much attention in the nonruminant, and the



"mechanisms ln#olved‘are.well'elucidated.,[This:isvnot'the
case withvruminant animals, |
.Thekruninantspossesses an ahundance offenergy ln .
. adipose tissue.,VDeposition,of'fat may or‘may not be
desirable.depending on'the quantity depOsited and its
'locatiOn._ Intramuscular fat contrlbutes to meat quallty
while a mlnlmum amount of subcutaneous fat on carcasses
V_reduces m01sture evaporatlon and shrlnkage during chllllno}v“
'However ‘exce551ve amounts of subcutaneous fat must be
trimmedldurlng proce351na. Perlrenal and v1sceral fat
lmust be removed at'slaughter or trimmed after chilling,
'1and srgnlflcant amounts of lntermuscular fat must be re-
moved at the retall market. It is estimated that four
billion. pounds of excess fat is produced annually as an
runneeded commodlty (Allen et al., l976).- An.understandlng_
of the ut;llzatlon of adlpose sltes may result in the
development of nethods”to allow.theranimal to utilize this
source of energy more efficiently Theoretically,-if the
anlmal could moblllze its vast adlpose dep051ts more effi-
c1ently, it would not have to rely as neav1ly on the diet
it receives to meet 1ts total enercy requlrement Thus
making it pOSSlble to reduce the amount of feed to brlng
‘the anlmal to the desrred slaughter condltlon by an lncrease

in eff1c1ency of gain.



The objectives of the study were: - (a) to measure

the effects of lipolytic and antilipolytic hormone on

animals of varying biological types; and (b) to determine

the effect of the time on a finishing diet on lipolytic

activity.



2. REVIEW OF THE LITERATURE

Adipose tissue is a veryvdynamic and active tissue
Awhich comprises a large portion of the ruminant's body.
From Qalues given in body composition analysis and caloric
' Valués, one can calcﬁlate that érfuminant at market weight
‘has up to 80% of its total body.calories_in the form of
fat (Reid et al., 1955; Bauman and Davis, 1974). This
iﬁdicates that there is a”tremeﬁdous amount of stored
enérgy availéble.fo the'animalg however, it is of little
value to the livestock retailer. There is very little
known about' the control of lipid metabolism and the regula-
tion of lipolysis in the ruminant.

| In lipolysis, the effect on the adipose cell is a

hydrolysis of triglycerides to;form free fatty acids (FFA)
~and glycerol. As.the concentratibniof these lipid precur-
Sors'incréases>inlthe adipose_céllé,jthey beginvto diffuse
"oﬁt into the bloodstream in sufficiently'high-concentrations
 that they are readily detectable.  The turnover rate of
- plasﬁa\FFA is very rapid, théir_ﬁalf-life being appfogi—
mately two minutes (Fredrickson‘and,Gordon, 1958). The
reason for this rapid movément inté the bloodstream is due
_ to the mechanism.by which they are able to péss through the

cell membrane. Rate of passage is directly related to the



concentration because‘theie_is-nd barrier at the membrane
level; consequently, the_uptake'of-FFA in most cells is
directly related to their concentration iﬁ the extracelluf
lar fluid and plasma (Armstrong'et al;, 1961). This .
pfinciple is a gieat detefmining factor on the ﬁse'of
‘fatty acids és a formrofienergy. Fbr example, skeletal B

muscle (Eaton and Steinbeig,vl96l) and liver (Fine and

Williams, 1960; Harken et al., 1969) are directly dependent VV‘

upon the concentration of fétty acid for the utilization
of these metabolites. Direct diffusion across the membrane
of the cell is a privilege 6f fatty acid and ketone bodies-
which is not shared by othér important metabolites such

as glucose (Hasseblatt, 1971);

2.1 Hofmoﬁe Sensitive Lipase

It was first observed that lipolytic activity ﬁaé
stimulated in homogenate of fat epididymal adipose tissue
by epinephrine (Hdllenbeﬁg et al., 1961). This_is'acti—
Vvated.by a variéty“of_biologically similar compounds
including: norepinephrine, ATCH, glﬁcagon, TSH, insulin
and prostaglandin. However, the stimulation does not occur
in equal amounté’befween differént species (Rodbeil, 1964,
Prizge and Grande, 1971) with the ruminant being 10 to -
60 foid less than fat adipose tissue.

The rapid hydrolysis of adipose tissue triglycer-

ides, which results in FFA mobilization, is triggered by



the activation of hormone.seﬁsitive lipase (HSL) (Vaughn
et al., 1964; Strand et'al.,rl964). This enzyme plays a
- key role in the lipolytic activity as shown in Figure 1.
The enzyme‘cleaVes the first ester bond from triglycef-
ides which is the rate limitiﬁg'step in the‘metabolic
process of lipolysis (Khoo et al., 1972).

HSL has been'invéstigated in homogenates and par-
tially purified preparations, but the activation by
hormonal stimulation is greatest in intact cells. Since
ractivation of lipolysis by eéinephrine is not inhibited by
puromysin (Fain, 1963) enzyme activation rather then énzyme
induction is believed to occur.

Hormone sensitive lipase, purified 100 fold from
rat adipose tissue, was activated 50 to 100% by inéubation

2 and a protein kinase -

in a medium containing; _AMP, ATP-Mg
pre?aratidn from rabbit musdle. Protein kinase played.a
key role in the activatidn'aiong with_cyCliC‘AMP'and ATP.
In addition, ih.thé'presénce pf ATP,<activa£ion'was accom-
panied by the-transferlofaradioactivity to theblipasé.

The time course for phosphdrylation closely paralleled that

for'lipase activation (Huttunen et al., 1970).

2.2 -Protein Kinase

It has been demonstrated that protein kinase plays
a physiological regulatory role in the activation of

hormone sensitive lipase (Soderling et al., 1973).
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Figure 1. Action of catecholamine and peptide
hormones on the adipocyte membrane
receptors and lipolytic function.



Incubatidnvof rat epididymal fat pads ﬁith epinephrine
showed that there was an increase of cyclic AMP dependent
protein kinase activity. Activation was associated with
Vthe'transformation of the inactive holo enzyme to the
catalytic form. The process was elucidated through the
assay by -the resolution of these two forms of protein

" kinase on sephadex G-100 coiumns. The role of conversion
Aof the eﬁzyme'from_inactive to active form was similar to
the increaéed concentratidﬁ of cyclic AMP caused by the
introduction of epinephrine. Other lipolytic hormones

have been shown to‘prdduce the same effect (acﬁiVatioﬁ of
protein kinase). This data would seem tb agree with the;_ 
~ theory that hormoneé with lipolytic activities modify'ﬁhe:
’CYClic AMPudependent protein kinase by'changiﬁg the coﬁéeﬁ-: 

tration of cyclic AMP.. '

2.3 Role of Cyclic AMP and Lipolysis

‘Work with the mechanism of action of sympathomi-
"metic.aminé and glucagon led to the discovefy of é cyeclic
~adenine ribonucleotide in mammalian tissue (Rall et ai.,'
- 1957; Réll et al., 1958; Sutherland et al., 1968.) This
'cycliC'ﬁucleotidé was later identified as adenosine 3', 5'-
mbndphOsphate (éyclic AMP), Cyclic AMP was first impli-
i'cated as'a'mediator'of'the lipolytic respbnse of the rat
e?ididymal fat pads by Butcher et al. (1965) working with

epinephrine. Work done by Robison et al. (1968),



'Sutherland et al. (1968), and Hardman et al  (1971) has
established cycliclAMP as an intracellular second messenger .
mediating many of the'physioldgical responses induced

- by numerous hormones.’

The iévels of cyclic AMP at any given space in time
have been linked to the activity of two enzymes. The |
fofmation of cyclic AMP has been shOwn to be catalyzed by
. the enzyme adenyl cyclase, the substrate being adenosine
triphosphate (ATP) (Sutherland et al., 1962). Magnesium
ion has been found to be a cofactor in the;catalysisvof'
;this reaction. Cyclic AMP and.inorganic pyrophosphaﬁe (PPi)“ .
,érevproducts in this'reaction (Rall et al.,71962). |
| The:second enzyme involved in the regulation of
 Acyclic AMP is a specific cyélic 3, 5'-nucleotide,monophbs—
;phate phdsphodiesterase (Butcher et al., 1962; Kupiecki,
.'1973). This enzfme'acts in the reduction of cyclic AMP by
‘hydrolysis to the inactive form 5'-AMP. Both adenyl
‘ cyclase and phdsphodiesferase appear té be membrane bound

and the cyclase is believed to be located on the plasma

' membrane.

| It is now well understood that adenyl cyclase and
the product it produces (cyclic AMP) play a key rolé in the
_effect of catabolic hormones on numerous metabolic pro-
.cesses (Suthérland et al., 1965). Butcher and-Suthe:land

’(1967)‘have found that catabolic hormones, such as glucagon
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and epinephrine, increase the cdngentration of intracel-
lular éyclic AMP in the -adipose cell and other cell typés
in the rat. -

The idea of a sécond meésenger:system, which was
proposed by Robison et al. (1967), came out ofrthe—above
evidence. The system is comprised of the hormone being
the firstvmessenger,'stimulating an intermediate,enzyme
b(adeﬁyllcyclase) on the membrane ofAthe'ceLl Qf:a speCific
farget tissues, which causes a change in the Cdnéentration
of a second messenger (cyclic AMP) within the cell. Adenyl
cyclasé can be'affected by different hormones thus:aéting;
as a diScriminatdr for metabolic function. By this mécha~ 
nism there is a cascade effect through the ehzyme—System
’causing1aﬁ amplification in the ultimate response of the
'Cell.’ Each cell type has its own enzymatic profile which
affects the levels of cyclic AMP, given any type of stimu-
lus. Also, the effect of cyclic AMP on metabolic activities-
is dependent on the sensitivity of that system to the
nucleotide. |

Hormonal control of enzymes in living systems muét
have ‘some type of mechanism in which these effects, by the_:
hormone, can be stopped: In the formation of cyclic AMP‘ |
' the méthod'by‘which the cell_reduces the concentratipn of
aétive cyclic AMP is by the enzyme cyciic 3", Sf-nucleOtidé*

monophosphate'phosphodiesterase (phosphodiésterasé).
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The,méchaniSm'df this inactivity is‘thréugh hydrolysis,of.
 cyélic'AMP to. an inactive form..jThis enZyme adds a second
point atrwhich lipolysis can be fegulated besides-thaf of
thé adenyl cyclaée-enzyme, 'Hormoneé.and'éther compaunds
have Been demonstfated to»cauée an increase or decrease in
ﬁhe'réte éﬁ which lipolysis occurs.  Vaughn and Steinberg

- (1963) feported that qaffeine-inhibited the reaction of
phosphodiesterase, thus increasingrlevels of cyclic AMP.-
Inéﬁlin, which has been known.ﬁo decrease lipolytic activ-
ity, hastbeenvimplicated in iﬁcreased levels of phospho-
diésterase (Sénft et al., 1968). Howevér, cherkresearchv
'-has:shown that»this might not be Ehé éaﬁse (Bledherief'al.,
1968) instead there is a decrease in the activity of adenyl

icyClaSe.

2.4 Receptor Sites on Cell Membrane

-For many years research has been conducted to .
Vdetermine‘thé mechanism by which catecholamines stimulate
responée in target tisSues, _Inveétigatiohsrby4Clark (1933)
led to the'postuiation_that the ihitial interaction takes
rplaée at a specific 'site on the céll membrane termed the
"ﬁreceptof”.' The response was fbundito be in direct propor--
tidn to.£hé number of receptors occupied by the catechol-
_aminé'(Williaﬁs and Lefkowitz,'l978):.

B Work by Ahlquist (1948) showed that there were pos-

sibly two types of cell membranes located on the cell
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_membrane; Theae he tetmed al?hadandfheta, based on their
-function upon the:targetttiSSde. |

Work with'radioactiVe ligand.hinding.studies was
performed to quantify the number of sites upon a cell mem;
brane (Williams et al., 1978). VBindingrsites were studied
in rat tissue membranes from adipose~(Jarett et al., 1974),
liver (Tomasi et al., 1970; Marinetti et al., 1978) and
heart tissue (Lefkowitz et al. 1971)' |

Studies have indicated that phySiological changes -
can’ be regulated by agents that change the adrenergic
’response (Williams et al., 1978). Qesearchers have shown
‘that different stimuli or inhibitoryvfactors have either
reduced ot increased the number of receptor sites on the
cell membrane (Mickey et‘al., 1975).. This was shown not tc
be a complete’loss of the receptor site, but a change in
confotmation, thus preventing it from binding with agents
that would otherwise bind (Mickey et:al}, 1975).

Chemical.agente are not the ohly'things that have
ptoveh to cause a change in response}* The influence of
growth cell size and age have an effect on the response
~that can be detected (Gludicelli and Pecquery, 1978).

2.5 Endocrine Activation and .
Modulation of Lipolysis

Several chemical substances have been shown to have

an effect on the rate at which lipolysis takes place in
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the body. Most of these chemical substanéés are hormones
that play an importaﬁt role in maintaining homeostasis.
These hormones are not secreted at uniform»rates. Some
'Of them, such as the adrenal hormones, are secreted in a
diurnalfrhythm° Others,.like‘the gonadotrophins and sex
steroids in the female, are secreted inrcylces which corre-
spond to physiological events sucﬁ as ovulation,.menstrua—"
tion, pregnancy or lactation. Still others are excreted
depending on the diet and intake (insulin and aldosterone).
Hormones have a definite influence on adipose tissue.
Epinephriné and norepinephrine additions stimulate the
release of glycerol and free fatty acids froﬁ rumiﬁant
adipose tissue slices or isolated fat cells (Sidhu and
Emery, 1972 and~l973); The response has beenAshown to be
about 10 to 60 f@ld»less than that of}rat adiﬁose tissue
GRodbell,'1964;‘Prigge.and Grande, 1971). ‘The mechanism
of this reaction has,beén shown to be these catecholamines
féacting with the beta-adrenergic receptors (Williams
et al., 1978). |

Insulin; wnich causes a marked:inhibition of lipol-
ysis in several.ﬁonruminant species; has_é7less dramatic
effect on fumingﬁt adipose tissue.‘-Iﬁvéétigétion by Yang
- and Baldwin’(l973) using adipocytes,isoiét?dffrom lac-
fating dairy coWs démonstrated that insulin'had no signi~-

ficant effect on basal lipolytic rates. They do, however,
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"~ show thatiinsﬁlin:has an aﬁtagdnistic effect When used in
conjunétidn with epinephrine. Glucagon has been shown
to increase lipolysis ét a rapid rate in rat tissue (Hagen,
1961). However, incteases-in‘raﬁes of lipolysis were not
evideht in market lambs éndwsteers (Etherton ét al., 1975).
Hormbnes such as ACTH (White and Engel;;l958),-TSH
(Freinkei; 1%61), LH (Butéher et al., 1968), serotonin
(Bieck et al., 1966), vasopressin (Vaughn, 1964) and growth
hormone (Raben and Hallenberg, 1959) have all been shown to
produce ‘an increase in the rate at which lipolysis takes
place in rat epididimyal ti_ssué° Whereas, prostaglandin
f(Steiﬁbergﬁeﬁ al., l964),-niéotiniC'acid (Cariébn; 1963)
and beta-adrenergic blockerS'(Mayer, 1961) have been shown
to reduce'lipolytic activity. There have been several
other chemical compounds thét have to be evaluated for
their'poséible effects on lipolysis. Theophylline has been
shown to increase the rate at which lipolysié occurs
(Ethertonveﬁ'él.; 19745.  In the same study, théophylline‘
was shown-tﬁ have a synergisﬁic'effect with épinephrine to
increase the rate 1% times ébove that of epinephrine stim-
ulated'treatment alone. vThé mechanism for‘this response 1s
that methyl xanthines, of which théophylliﬁé ié'the most
potent, have been shown fd be an inhibitor at the cyclic

3", 5'—nucléotide. The effécts of these hormones with
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regard to ruminant adipose tissue has not been investigated

thoroughly.

2.6 Ruminant Adipose Function in
Differing Physiological and Nutritional States

' Adipocyte lipolysis inrthevbeef animéi involves both
subcutaneous and internal fat'depots.v These depots are
mobilized during different physioiogical stresses on the

Aaniméls. The following is a review of lipid mobilization
in beef cattle and fagtors, other.than éndogrine influences,

which»affect iﬁ.

2.6.1 Nutrition . .

Nutritionalrchanges.thét occur during the gfowth df
beef cattle have évmarked_effect on the way in which the
AadiposeAtissue reépénds to these changes. During times of
nutritional‘inadeqﬁacy, lipolytié rates are increésed to
maintain an adequate supply of metabolizable energy.' These
responses are not as great as thésé found in nonruminants.
As previously déscribed, the endocrine responseé in lipid
s?nthesis and mobilizatidn in rumiﬁaﬁts are much-éﬁaller in
magnitude than found in nonruminants. It seems likely that
ﬁhis is related to the avéilability of nutrients and the'
physiology of rumiﬁant animals. The large food reservoir
in the rumen resuits in ruminant animals absorbing a rather
constant and contiﬁudﬁsvsﬁpply‘of'hutrients relative to non-

ruminant speciés»(Bauman, 1976). Certainly the tissues of
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ruminant animals do not experience the dramatic diurnal
variations in metabolite availability typically occurring
in nonruminants. As a consequence, ruminant animals
would generally have a much longer period to adapt at a
tissue leVel to many physiological.situations,

However, partial restriction of nutrients has had
some effect on lipolysis. Pothoven et al. (1975)7found
that beef cattle on a restricted diet had a reduced rate
of lipolytiC’activity compared to beef cattle fed ad 1libi-
tium. It was interesting to note that with this reduced
rate in lipolysis it compensated for the reduced;feed
intake. —This-would result in similar amounts of fat being
deposited in both treatments;

'Tne compositien of the diet has been shown to effect
the rate of lipolysis. Baldwin et al. (1973) and Benson
(1972) demonstrated that dalry cattle on a hlgh concentrate,
low rouchage diet had a reduced rate of llpoly81s compared
to anlmals on a control diet. There was also an increase
in the llpogenlc capacity, thus the propensrty for the
animal to accumulate a large amount of fat durlng the

finishing stage in the feedlot.

2.6. 2 Pregnancy
Pregnancy presents a great stress on the animal and
causes several events to take place so the anrmal can cope

with this additional stress. - Pregnancy and lactation have
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been of prime importanCe'to the dairy‘farmefgr-However,
information gaihed from‘étudies involving}theéé stress
conditions may also be of benefit tQ‘the cattle'produéer.-
Early pregnancy is characterized by inéreased
storage of lipid in adipose depots, while lipid mobiliza-
tion_preaominates during late pregnancy and iactation.
This increase results in order to meet caloric requirements
of the animal (Knopp et al., 1973; Biezenski; 1974y . - The
séme'results have been reported in the ewe'by:Noble et al.
(1971). Blood lipid patterﬁs and adipose»lipqgenic and
1ip61ytic-en2yme pattern changes have been recorded during
pregnancy in nonruminants and are useful inrcomparison to
beef cattle. Presumably during late gestation lipolysis
is caused by the hormonai changes'associated With parturi-
_tiqn (Otway‘et*al.,,l968; Knbpp et'alﬂ; 1970}'Knopp,et al.,
1973). A S

'2;6.3 Lactation -

Lactétion»creates‘another demand»onAthe‘energy
sﬁpplies available to the boviﬁe. Lipid mobilization in
early léctation is aqéoﬁpanied<by depletion of triglycer- .
idéé in adipose cells (Elias et al., 1973). ‘This rise in
":iipid mobilization'and'a'drop‘in blood lipidéjwith increasj
iﬁg ievélé of milk broduction, presumably refléct increased
removal of body liﬁids'by the mammary gland (Baldwin et al.,

1 1976).
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'The stress of early lactation in therdairy cow and
her ability to mobilize body fat to meet caloric require-‘
ments involves both endocrine and‘enzymatic éystems. These
metabolic and enzymatic_changes at -the onseﬁ of lactatioﬁ
haveibéen measﬁred in adipose'slices (Baldwin-eﬁ al., 1973).
Howévér, lipogenic énzymerpatterﬁs indicate bnly negligible
change in activities when measured during lactation

(Baldwin et al., 1973).

2.6.4 Age

; Thé'agihg process has been.shdwn to effect the rate
~of mobilization of lipid from adipose cellé. ‘Agingvis a
Qomplex,.yet obscure, phenomenon in which various métabolic
alterations are known tb occur. These alterations are hard
to define because the aging @rocess and inérease in fat
depésitibn occur simultaneoﬁslyf

o These changes-have>been studied in somé'detail‘in

rats. -Manganiello and Vaughan (1972) obsefved a-gradual
decline 'in the response of fat cells to glucagon'With.age.
Miller and‘Allen (1973) demonstrated this same decrease
with age whén catecholamines were used as the simulaﬁing
. agent. Aﬁother iﬁteresting observation made by Miller and
‘.Allen:(1973j was the effeét Qf insulin on catecholamine
Vmediated‘iipolysis. Insulin acts as an antagdniSt to
;_catecﬁolamine,/and it has a:gréater effect on youﬁger

animals., Many other researchers have demonstrated that
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there is e'dectease invlipolysis withvage,(Benjamin et
v-al., 1967; Hartman et al., 1971; Hubberd'eﬁd-Matthew,
1971; Nakano et al., 1971). |

The cause of this decrease has also received atten-
tion. Severel researchers (Zinder-and”Shapito, 1971;
Hartman et al., 1971) contend that the_deciinerin lipolysis
observed dUringrgrthh-end fat accumulation is a result of |
fat cell enlargement, with fewer cells in a given mass of
tissue, rather than e,decline-iﬁ lipolytic activity of the
individual cells. However, Miller and Allen (1973) suggest
in theit research that as cells get older, they reflect an
altered cellular activity. Their study was based on cell-
ular protein concentration which doesvchange with age.

Giudicelli and Pecquery (1978) demonstrated that the
altered celluleriactitity could be attributed to a change
in the number of beta—adrenergic receptors contained on the‘
cell membrane. Studies have also been performed_with
genetically obese mice which showed as they aged there was
‘an impaired respoﬁée ef'adenyl cyclase to stimulation by
epinephrine. The investigators have suggeeted that an
inhibition may decgr in the coupling betWeen;the hormone
receptot and thchatalYtic site of the cyelase in these

obese animals (Laﬁdat and Pairault,vl975).xti:
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The effect of aging.on lipolysis is not very well
defined because of the limited amount of research done on
the subject. Pothoven et al. (1975) suggest that there
is some éorrelation in thé loss of lipolytic activity in.
>Stimuiate&.adipdse céils} VThéy élso mentioﬁ,tﬂat basél
1ipolysis did not show this decfease.b The lack of informa-
ﬁion on the subject demonétrates the need for further re-
‘searqh-into this area. |

2.7 Biological Types - Its Effect on
Lipolysis and Carcass Composition

. Meat animal researchers have traditionally fed
cattle to a common chronological age, slaughter weight,
days-onlfeéd, or expected quality grade before sending them
to slaughter. Brungardt'(1972) has shown that When-animals
are'féd to an éXpectedvquélity grade, there are large
differences in the carcass composition. Sinée:these great
différences are presentfthére ﬁeeds td be a ﬁethod-by which
?roper élaughﬁer timé,can be selected. .Gﬁenther (1974)
stated if indices of potential growth rate and-maturity
Could_be developed and used during a beef cattle's life a
conéiderable savings in feed and management costs could be
realiééd; 'Bléxter (1968) demonstrated thaﬁfthebbest direct
_relatiéhship,qf carcass éompositicn amohg’difféfing animals
ié‘ph&siologiCal maturity. - With' the intfoduction of the

exotic breeds, the producer has been given a new genetic
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resource. With these new'reéburces thére have been signi-
ficant changes‘in growth rate, carcass composition, and
biological size of ‘the animél~(Colé et al., 1964; Hedrick
et al., 1970; Adams et al., 1973; Roch et al., 1976; Smith
et al., 1976). . |
Animals of the traditional British breeds, such

as,”Hereford'andengus, have Been noted for their small
" and medium frame size. Whereés the exotic Breeds, such as
Charolais, Limousin and some dairy breeds have been not-
ed to be laﬁger in méture size than the British breeds.
(Cole et al., 1964, Adams et al., 1973; Peacock et al.,
1979). |

| The effiéiency of these animals also has been_"
shoﬁn to vary com?afed to the tréditionalfbfeeds;..The;
-exotic breeds were found to be slightly moré efficient than
the traditiohal breeds during post-weaning growth (Smith
et al;, 1976).' There was also a significant difference in
thevCOmpbsition Qf'different.bidlogiéél type animais whén
slaﬁghtered at the same weight. The smaller type cattle
had a higher fat percéntagé than the larger type cattle.
This was the‘exagt~opposite'hheh,compaing the protein and
moistﬁre (Colé eﬁ al., 1964;.Ko¢h et ai.,:l976;.Koch et al.,
1979). It was also demonstrated that thé smaller animals

had a thicker than average backfat thickness than did its
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larger frame coﬁnterpart»inrthe same situation (Cole et
al., 1964; Koch et al., 1976).

| The relationship of frame size to the rate of iipid
mobilization has not been elucidated at this point, but
somé of the points mentioned might have some bearing on how~
a specific frame size animal will mobilize iths lipid .
stores. Such things as efficiency and utilizatibn of
available energy could haveYSCme effect on lipolysis. The
difference in maturity would also be a factor in the fate

of lipolysis in animals varying in biological types.



3. MATERIALS AND METHODS

3.1 Experimental Animals

- One hundred and fbrty four steers.of mixed bfeeding
'avéraging 227 kg were scored for frame size, based on the
proposed U.S. Feeder Grade Standards. These cattle were
involved in the W-145 RegionalvBeef Marketing Project.
Approximately 48 steers were assigned to eéch of the frame
size categories-of small (SF), medium (MF) and large (LF) .
Each frame size was divided into two groups énd»fed as
replicates. They were groﬁp fed a rétion of: 49% concen-
trate, 40% roughage,.S% molasses blend and 47 supplement
for 7 days. They were then fed: 647 concentrate, 257
roughage, 7% molasses blend and 47 supplement'for 14 days,
They were fiﬁished on a 79% concentrate, 10% roughage, 6%
molasses blend and 5% supplement diet. The supplement gon-'
tained non-protein nitrogen (NPN), célCium, potassiuﬁ,
phosphorus, magnesium, sodium chloride, vitamin A and
rumensin.

Six cattle were randomly selected froﬁ the groﬁp
of 144 cattle, to be used in the lipolytic study. These
cattle were selected to have. two in eachiframe'éize claséi¥'

fication. The six steers were fat biopsied after 166 and

23
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194 days on feed. The third fat sample was collected after
'214 days on feed dlrectly from the anlﬂals -during the
'slaughter procedure.

3.2 Beef CattlelAdipose Tissue Biopsy
and Cell Isolation

The tail-head area was selected as the site for
the fat biopsies. This area was selected for the followlng
reesons. First, it is an area'inrwhich an ample amount of |
adipose tissue could be removed and_éedond, the adipose
tiseue‘there is representative’of lipolytic-acthity of
_all the subcutaneous fat of the animal. The areavwas pre—
.pared for biopsy bylcllpping and washing the area of the
 incision with betadine, followed by an injectlonvof 5 ml
of 27 lidocaine hydrochloride solution which served as a
local anesthetic.

A skin'incision approximately 8 cm long was made
'end approximately four grams of adipose tissue was removed
and" placed directly in a 25 ml Erlenmeyer flask with 10 ml
- of albumin buffer, pH 7. 4 The albumln buffer was preparedn
.fresh for each sample and contained 128 mM NaCl, 1.4 mM
CaCl

1.4 mf MgSO,, 5.2 mf KC1, 10 mf Na,PHO, and 3%

2: 4’
‘bov1ne serum albumln (Fraction.VfPOWder: Sigma Chemical
. Co., St. Louis, Missouri). " Fresh buffer was utilized to

-minimiZe the possibility of bacterial contamination due to

the high concentration of albumin.
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.The buffer and tissue was maintained at a constant
temperature of 37C, thié was to prevent any loss,bf‘activ—
ity of the adipose.tissue_due to temperature changes.:
_Cfude collagenase, 2.5 ﬁg/ml (Clostridium‘Hiétolyticuum;
Worthington Chémical Co., Freehold,‘N.J.), was added torthé
buffer and tissue samples to free the individual fat cells.
This methbd‘of isolatiﬁg‘adipose cells‘was similar to. )
methods of Rodbell (1964) and Yang and Baldwin (1973). |
The'suspenéion of-albumin~buffer,‘containing adipose tissue
was incubated in a shaker water bath, 60 cycles per miﬁuté,,_:
at 37C for 50 minutes. The digestion was-terminated.byv
filtering the cells through one layer of cheesecloth
followed by centrifugation in an IL.E.C. clinical.centrifuge
at approximately 1000 rpms forAZO to 30 seconds. _Cells
were washed three times with warm buffer, then they Wére
resuspended in albumin buffer (37C). The washings removed
the collagenase enzyme and the other extra material such
as blood and residual amounts of lidocaine that may have
been present which may’interfere‘with subsequent‘reéctions.

| Washed cells were_then transferred to separate -
incubation tubes (12 x 75 mm glass tubes) using a‘l-CC
- syringe fitted with a short piece of surgical tubing
(lZ cm), this made transfer and allocation into the incu-
bation tubes easier. The volume of isolated cells (approxf

.imatelyISO,OOO cells/ml) and_albumin buffer in each'tﬁbe
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was 950 ul. The fat cells were counted'from aiiquots

taken from the cell suspension which had been diluted with

warm Buffer (37C). A 5 ul aliguot of dilute-suspension

containing approximately lO to 30 fat cells was placed,on.

a hemocytometer (AO_Instrument Co., Buffalo, New York) and

counted several times using‘a,light mieroscope. |
The lipolytic studies began by dispensing 50 pl of

L—epinephrine bitartrate and 50 ul of insulin in the

respectiVe tubes. In the treatment in whieh both hormones

were used; 50 ul of L-epinephrine and 50 ul of insulinrwere.

combined in their respective tubes. The finaltconcentra--

tions of these hormones in the 1Lcubatlon tube was 10 pu/ml,

- for epinephrine and-lO_3 wIU for - 1nsul;n. _
- The tubes with the adipsse cells, buffer and hor-
mone were incubated in a metsbolic shaker water bath'at
37C for 30 cycles per minute. The.incubetions were carried
on a timed basis of 60 and 120 minute treatﬁents The
lncubatlon was termlnated at the end of each time period
by dispensing 50 ul of 20% trichloroacetic ac1d (TCA) in
the reaction tubes. The use of TCA also removed the. pro-
tein in the incubation media to p*event lt from tnterferlng
-w1th the analytlcal procedures used in the glycerol analy—'
sis. To account for~glycerol.that mlght_havesbeen_released'
- during tissue'nandling afbaseline'value-was%estebiished.

To accomplish this an incubation tube, containing media
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with cells, waé tréated with TCA before all other incuba-
_tions were started. This baseline wvalue wasrdetefmined
for each incubation period which was subtracted from each
value obtained from the treatment tubés. All glycerol
samples were then frozen and stored at -20C until assay

procedures were performed.

3.3 Glycerol Analysis

The incubation tubes were removed from the freezer
and allowed to thaw. Approximately 20 ul of &4 N NaOH was
used to mneutralize the incubation media. The pH of the
,media was ﬁeaéured with the use of a Perkin-Elmef Metrion
IV pH Meter (Coleman Instrumenﬁ Division). The tubes
‘ wéfe.neutralized-tojapproximately a pH of 7.4. |

v With thé use of a Glycerol‘Réageﬁt Kit (Calbiochem
_Corp., La Jolla,'Californiaj, the amOunt>of glycerol was
- quénﬁitated. The method of quantitation was by the fol-

lowing oxidation reduction reactions.

1. Glycerdl-+ ATP glzggzglﬁalpha-Glycerol Phosphate + ATP

Kinase
: ’ : Pyruvate
2. ADP + Phosphoenol Pyruvate ¥Tnaso Pyruvate + ATP
3. Pyruvate + HADH ~D8CtaE€ ;. ciote + NAD
R4 , Dehydrogenase ,

The decrease in concentration of NADH was measured speétro—
photometrically (Gilford Instrument Lab Inc., Qberlin,

Ohio) at 340 nm.
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Glycerol measufements are'conéidered the bestuindi-
cator of lipolytic activity.in adipose tissue. Their lack
of the enzyﬁe, glycerolikinase, prevents the ré-incorpqra—A
tion of glycerol into.thebcells,.so it simply diffuses out
into the surrounding medium. | |

Glycerol enzymatic incubations were conducted in f
250 ul microtiter plates (Dynatech Laboratories, Inc.,
Alexandria, Virginia)'at‘SOC; 'Standard'glycerol curves
were preparedVusing'incubation»media treated in the séme
manner as the medium plus fat qéll»glycefol. The data are
‘expressed in uM/lO6 cells/time of incubation. The incuba-
tion treatments were run in duplicate and the spectrophoto-

metric determination was read in triplicate.

3.4 Chemical Composition of Carcasses

Thé animals were slaughtered in one of 3 groups.
Each group contained 3 subgroups'of 16 cattle repreéenting'
each of the 3 different frame sizes. The slaughter sched4 
: ule.corresponded to'the'B biopsy dates, on each.biopéy.daté'
a group of 48 cattle was slaughtered. N

The animals used in the lipolytic studies were not
sacrificed until the last élaﬁghter date...Average com@osi—
tion of their pen mates, who had been slaughteiéd.on>the
first 2 biopsy dates, was used to determine éhemi¢31 éom-

position.
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"~ Hot carcass Weighté were obtained‘aﬁ the'time of
slaughter. Carcasses were allbWéd.tb-chillvfof 24 hdurs
then the left sides were ribbed between the 12th and 13th -
ribs. Quality'and yiéld grade factors were-détermined.
following standard procedures. Rib wholeéale'cuts fr§m7¢'
the left side were removed from the carcasses and shipped
to The Universityvof Arizona Meats Laboratory. The ribs
were chilled for 12 hours after receipt.
| Each rib was separated into bone and-éoftvtissue.
Thé'weight of the bones and soft tissue for each rib Whole?
sale cut was recorded. The soft tissue was ground thrdugh
al.3 cm chopper and mixed thqroughly. A random .5 kg
sample of ground soft tissue from each'rib waé hdmogéﬁizedf
in a Hobart food cutter (model 10814) until a homogenous
mixture was obtained. All samples were placed in evacu-
ated cryovac bags thén placed in a large polyethylene bag

and stored at -25C until chemical analyses were conducted.

3.5 Chemical Analysis

Chemical analyses were conducted to determine pere'
cent lipid, protein and moisture of the wholesale rib cuts
on a boneless basis. All analyses were performed using
duplicaté determination‘and reruns were made when the
values did not agree Within 1% of the duplicate determinaf”

tion.



30

‘Crude protein was determihéd~éccording to AOQAC
(1965). Samples were also analyzed_for_total extractable
lipid and total moisture content by-chlordform—methanol
extraction following the modified ﬁrocedure'of Ostrander
and Dugan (1961) as outlined by Wootén et al. (1979). The
procedure provided a means bvahich_the»total lipid and |
moisture content could be determined as separate éteps of
thersame procedure. B |

3.6 Prediction of Whole -
_Carcass Composition

Using chemical composition datékof the rib and car-
cass cooler traits, total carcass goﬁposition:on 2 boneless .
basis was determined by using prédiction éQuétions'which‘
were‘developed at The University of Arizona as a part of
- the W-145 Regional‘Beef Marketing Project. The eqﬁaﬁiohs
were developed from stepwise regression using data col- .
lected from 263 carcasses (unpublishéd data from Regionallj
Beef Marketing Project, University of Arizona). The.
equations are as follows: |

Percent Lipid =

19.5225 + (0.2793 x Rib Percent Lipid) + (1.3467 x Yield
Grade) + (1.0362 x kg of Kidney Fat) - (0.4770 x Rib
Percent Pfoteiﬁ).— (0.0172 x kg of Hot Carcass Weight) +

(0.2313 x Marbling).
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" Percent Protein =

26. 3963 + (0.165 x Rib Percent Proteln) (0.2299 x Yield =

Grade) - (0.158 X_Rlb Percent Lipid) - (0.1426 x Rib
Percent Moisture) - (0.0014 x Quality Grade) - (0.4263 x
 Fat Thickness in cm) + (0.0094 x Ribeye Area). .

Percent Moisture =

58.4128 - (0.2677 x Rib Percent'Lipid)v-'(1,1715fx kg ofrh
Kidney Fat) + (9050332 b:4 Riheye area in cmz) +f(O.34557X
Rib Percent Protein) + (0. 0104 b4 kg of Hbt Carcaes Weight) .
The quality grade was placed on a numerlcal score so that
it could be incorporated into the equations. The values
for quality grades are: .

Stendard - 525 - Good +. 675

' Standard 550 - - Choice - ~ 725
Standard + 575 ~ Choice 750
Good - 625 . Choice + 775

Good . 650 - . Prime - = 800

3.7 Fafty Acid,Prefile AhaLZsien
At the time of fat biopsy, e second»Sjgm .sramplei'w'asi
" obtained ferAfatty acid anal&sis. Thishsample was placede
in a test tube;:cepped and frozen.  The lipid was extracted :
'usingTthe:chlofoform-methanol extracfion proeedure as pfeer"“
viously diecussed The extractea llpldS were esterlflea_
using the transesterlflcatlon method descrlbed by Craﬂer

'and tarchello (1964) and modlfled by Wooten et al. (1979)
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Purification was also perforﬁéd by the.msthod outlined by
Wooten et al. (1979). | |
- The-following'proceduxe was used in identificatioﬁ
'-and quantitation of the methylated fatty acids. A Hamilton_
_’l.O microliter syringe was used for the intfoduction of the -
.sample_iﬁto.thelgas—liquid chromatograph.. Each sample
‘:injécted ranged from 0.1 to 0.3 microliters. The estérsr
were chromatographically separated using a Beckman‘GC 72-5
finstrument'equipped Withsa flame ionization detectorg A
‘1.83 m (3.2 mm 0.D.) coiled stainless steel columh packed
E with 100-120 mesh chromosorb w (HP) and coated with 15%
of diethylene glycol succinate was used for the fatty
acid separations. Instrument operating cooditions were:
 column teﬁperature about 170C; inlet temperature,-ZOSC;
>detector line temperafure; 240C; detector temperature,
.26OC; and carrier gas flow (nitrogen), 28 ml/minute.
Identification of the fatty acid méthyl esters was
aocomplished by comparison of the relative reteotion times
With those of standard solutions of known composition. Thé
weight percent of each ester was determined by computing
its proportionate amount, as measured.by a diso»integrator,'

‘to  the total area of the chromatogram.

3.8 'Statistical Treatment of Data

All data were analyzed by analysis of variance

_accofding to Nie et al. (1975). Duncan's multiple rsnge
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testvénd main treatment interactions were performed to

compare treatment means. Significance was détermined at
the 5% ievel-of probability. Interactioné between main
effects were analyzed by nesting frameréize within time
on feed and time on feed within frame»size, The differ-

ences between the hormone treatments were evaluated for

significance using the students T test.



4. RESULTS

4,1 Endocrine Responses to Lipolysis

Glycerol release is‘a good indicator of lipolysis
due to the éctioh,of hormone'sensitivé lipase on trigly-
cerides liberating free .fatty acids_(FFAs) and glycerol.
‘The lack of an enzjmé{ giycerol-kinase;_in"adipose cells
prevents glfcerol réincorporation iﬁto_thé Celiﬁ Compari-
son of the hormone treafments to the control (no hormonev
addition) with regard to’lipolysis is made in Figure 2.
Values are expresséd as glycerol released per 106 cells by
time of incubatidn. To account for glyceroi_release which
deuld have'OCCﬁrred;dufing tiséué héndling; a baseline
“value WAS established és stated previoﬁslyh This was then
subtracted from eéch'vaiue. |

Epinephriﬁe waé the most active'stimulator,(P<.05)'
of lipolysis (Figﬁre 2). This is in agreement with observa-
tions by Yang and Baldwin (1973), Etherton.et al. (1974),
Pothoven et al. (1975), and Jaster et al. (1979) in that
the use of é@inephrine resulted in a one to.four fold in-
crease in the lével of lipolysis over thé control. The
average'release.of g1?§ero1»for‘a 6O minute incubation was
1.69 uM/10° cells and the glycerol release for the 120

‘minute incubation was 3.78 uM/lO6 cells. Glycerol release
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Figure 2. Means of hormone treatments for all cattle.



36

at basal levels were .66 uM/lO6vcells~and 1;68 uM/lO6 cells
for 60rand'120‘minute'inCubations; respectively. The

. epinephrine stimulation‘also_showed a linear relationship
between zlycerol release:and time.

'Insulin/induced glycerol release-wasAnothdifferent '
(P>.05) from the control'level. Therelwas howeverl a
tendency for glycerol release to be slightly lower than
for the_control levels, particularly in the 120 minute
incubation. ' Insulin stimulation averaged 1.58 uM/lO6
cells, Whereas the control'level mas 1.68 uM/lO6 cells.
This'islin agreement with the findings of Yang et al.
(1973)'and Mears et al. (1974).

When epinephrine and insulin were comhined, the
release of glyceroi hy the adipose tissue was 1.21 uM/lO6
for 60 minutes. and 2.79 uI/lO cells for 120 minutes
Thus thz epineohrine + insulin treatment accounted for a -
kBO% decrease in the amount of glycerol released when com-
pared with only epinephrinerstimulated treatment. This -
demonstrates that there is an antagonistic action elicited
on epinephrine by insulin. The amount of antagonism was
more than reported by Yang and Baldwin (1973), who observed

a 10 to 25% decrease in lipolySis over that of the epine-

phrine stimulated tissue.
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4.2 Influence of Frame Size on Ligoleis

Glycerol release in relation to dlffereht_frame
sizes of cattle was investigated to determine»an&ipossiole
'significance'between the three (Table 1). The basal
level rates (control treatment) of lipolysis showed signi;'
ficant difference when comparing the SF (.61 uH/lO6 cells)
and MF cattle (.63 uM/lO6 cells) to the LF cattle (.73 ull/
.106 cells) at the 60 minute incubation. This.significaoce
between each frame size was also found in the lZO minute
incubation. The LF cattle (1.79 uﬂ/lO cells) had the
greatest'release of glycerol followed by the MF cattle
(.68 u/10° cells) then SF cattle (1.57 wt/10° cells).

The amount of Qlycerol released in the lnsulln
'treatment was,slightly less or no different than.the con-
trol values. However, there was a differencev(P<.OS) noted
between frame sizes for both incubation time periods;rLF
_cattle had the highest clycerol release (.73 ud/lO cells

~ for 60,m1nutesrand,l.66 uM/lO6

cells for 120 mlnutes)
followed by:the MF and SF cattle in that order. |

LF oattle were the most respounsive (P<.05) to the
epinephrine treatment followed by the MF and SF cattle,
’respectively. ,The LF cattle demonstrated-a slonificantly

, 0reater 1ncrease 1n ep1neohr1ne induced llpolys1s in both

"1ncubatlon tlme peflods when compared to MF cattle



Table 1. Hormonal stimulus by frame size.?

b

N\ Frame Size
A Small Medium | ' Larce""
Hormone Treatment® pmoles glycerol released/(lO cells x hr) o |

c-60 .61 * .02 63t od 73t 03¢
1-60 55 Food 63t o1& 71 T o2t
E+I-60 1.19 ¥ 02 119 02 127 % Los
E-60 - 158t g2d 165 ¥ 019 © 1.85 T 05
C-120 | 1.57 % 02¢ 1.68 T .02° 1.79 ¥ o3t
1-120 150 % 02 157t o1® 1.66 T .01f
41120 - 2.65 T L02¢ 2.68 % 038 3.047F L06®

| 34t 069 3.66 & .05° 4.3 1 1t

E-120 3.34 -~ .06

4Values are means of all cattle for each frame size (— S. E M.) .

Frame size determined by USDA Feeder Grade Standards.

€C=control, I=insulin and E= eplnephrlne The 1ncubatlon is glven in

ninutes, 60 60 minutes .-and 120=120 minutes.
d,e,f

51gn1f1cantly (P<. 05).

Values on a given line followed by a different superscrlpt differ
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:Significant differences between MF and SF cattle, however,
were only observed in 120 ﬁinute incubation time period.
When Both insulin and-épinephrine were added to

the incubation media thére was an antagonistic effect
‘demonstrated for all three frame sizes when compared with
the epinephrine treatment.-'Thé magnitude of this antago-
nistic effect of insulinlon'epinephrine‘increased with LF
cattle. | |

| When comparing hormone rééponseé by cattlé frame
size,.éll hormones‘except_insﬁlin showed that differences
in glycerol release became gréater as time of incubation
increased (Table 1). 1In the epinéphrine tréatmenthroup,
the difference in glycerol release between the MF and LF
cattle showed a 4 fold increase from the 60 to 120 minute
incubation period. Wheh comparing results from the epine-
,phrihé + insulin group, the antagonistic response of
insulin on epinephrine was-markedly'greater'in.the lohger

incubation time (Figure 3).

4.3 Influence of Time on Feed on‘Lipolysis

~-

Knowledge of mechanisms by Which fat is removed
from fat depots and utilized in the body may be of}benefit
in decreasing the amount of feed used and improving the
efficiency of weightAgain in cattle. Table 2 shows the
rélation of time on feed and its effect on the release of

glycerol. Although there -was not statistical significance



Table 2. Hormonal stimulus by time on feed.?

v ‘ Time on Feedb -
166 days 194 days 214 days

Hormone Treatment® pmoles glycerol released/(lObvcellé x hr)

C-60 64 T o2 677 02 66 T 04
1-60 62 T o4 | .65 T .03 62t o3
E+I-60 119t oa 126t o3 1.21 % 02
E-60 | 1.64 T .06 1.73 T o7 1.69 ¥ .07
c-120 | 1.66 ¥ .05 1.68 T 03 1.71 ¥ 05
1-120 1.59 ¥ 02 1.58 T .04 1.58 T 04
E+1-120 2.83 T .10 2.84 1 08 2.70 ¥ 07
£-120 3.85 T .23  3.86 F 16 3.62 % 22

4Values are means of all cattle for each biopsy time (+S E.M.).

bflme on feed is the length of time thL cattle were in the feedlot until
the biopsy date. ,

C~control, I—lnsulin and E=epinephrine. Thevincubation is given in minutes,
60==60 minutes and 120=120 minutes. ’ ‘ ' ' :

O
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Figure 3. Means of hormone treatments of cattle

within each frame size.
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in the data there werevtrénds e&idenﬁ which could perhaps
. lead to some épecﬁlationr%ith fegard to the rates-of 1ipo¥-
lysis and time on féed, ,.
| Whiie contfolitreatmeﬁts'did not'demonstfate

significant differences in the rates of lipolysis. fhere'":
was, however, a slight inéfease'in the rate of removal bf
triglyceride, with»the,first time period (166.days).having
the lowest rate of Iipblysis (.64 uM/lO6 cells for 60
minutes and 1.66 uM/lO6 cells for 120 minutes) and the
third time period (214 days) having the highest rate of
Lipolysis (.66 w/10° cells for 60 minutes and 1.71 u4/10°
cells for lZO-minuteS).,'

The insulin treatment demonstrated littlé chahge
in giycefbl release Wiﬁhrdiffering times on feea in either
inéubation period‘(Téble 2); Howe&er; when comparingvthe
_60 minute incubation péfiod ﬁith 120 miﬁﬁte incubation
périod there was a 2%ff61djincfease in the longer time
period. . | |

The lafgeét differéﬁcesiamdng.the valuesvrécorded o
based on time on feed were with the epinephriﬁe treatments.
This was particularly evidEnt for’the 120 minute incubation
timé (Table 2). There waé‘nd differencé‘between tﬁe'l66
day period and the 194 day @eriod. However, a drop in
glycerol release at the third time period was noted

(Figure 4). For the SF cattle, the difference between
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Figure 4. Means of hormone treatments for all cattle

at each time on feed.
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‘vthe first-twe ﬁime,éefidds (3,35 uM/lO6 cells) and the third
.:(3;10 uM/lO6 cells) were significantly different at the

120 minute incubation;;eThis, however, was the only frame—r
size that demenstrated a significant difference.

In the epinephrine + insulin treatment no differ-
ence (P>.05) Was fouﬁd between the means. .Hewever, for ther
120 minute incubation there was a slightly lower value
recorded for the third period (214 days) than the other
two time periods (Table 2). This could possibly suggest
that there is an increased antagonistic effect of insﬁlin
on epinephrine'with a longer feeding peridd.

" 4.4 - Influence of Frame Size
- -on_Chemical Composition

‘Table 3 gives the chemical composition of the
cattle,‘by:frameveize,-which is based on a boneless tissue
basis. The pfotein content of the cattle increased with
the size of tﬁe,cattle,'the SF cattle being the lowest |
(13.8%), followed by the MF (14.5%) and LF cattle (14.5%).
A sigﬁificent'diffefence existed between the SF cettle and
the other two frame sizes.

The SF cattle had the higher percent lipid (36.5%)
with the LF cattle (34.7%) and the MF cattle (33.3%)
having lower»?alﬁes, fespectively. Statistical differences

were notedfbetween,SF and MF cattle, but the LF cattle were



PR . . a
Table 3. Carcass composition on a boneless basis by frame size.

Frame Sizeb

Small ‘ Medium ' B Large
Protein 13.66 ¥ .30 1449 T 119 14.50 T 09¢
Lipid -~ 36.50 T1,24¢ 33.78 ¥ .30 34.65 T 48°d
+ | + d + cd

‘Moisture C47.97 % 072 0 48.87 T .40 49.70 T .34

Values are the mean percents for each frame size (TS.E.M.).

bFrame size was determined by USDA Feeder Grade Standards.

C’dValues on a given line followed by a different superscript differ

significantly. (P<.05).

GY
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not different (P>.05) from either of-ﬁhe other two
. frame sizes. |

The percent moisture was lowest in the MF cattle
(48.9%) which was significantly different from the SF
Cattie (47.9%), but was not different (PQ.OS) from the
LF cattle (49{7%). The data Was similar to that‘collected
by Koch et al. (1976), when the cattle"wéfe at the same

'chrdnological age and fed on similar diets.

4.5 Influence of Days on Féed

The cércass'composition in felation to the number
of days in the feedlot is compared in Table 4. Percent
proteinvdecreased SuccessiVely from the first time period '
through the third period. Significaﬁce wés’noted between
the first (14.5%) and the last (13.9%) dates.

The process of fattening was notiged in the percent .
lipid of carcass composition. As expected the. percent
lipid increased. This was significéntly'differeﬁt when
comﬁaring'the first biopsy date.(33.2%) and the third
(36.5%) . VThe‘percent méisture followed afsimilar pattern
to that of protein, in that it decreésed (P<}OS) from the
first date (49.8%) to the third date (47.2%).

A neéted analysis was'performed'to detéfmine if -
ﬁhere was an_interaction between:time oﬁ'feed and frame

size (Table 5). The results demonstrated that each frame



" Table 4. Carcass composition on a boneless basis by time on feed.?

Time on Feedb , ,
166 days 194 days 214 days

Protein 14.60 T .37¢ 14.18 ¥ .08%d 13.88 T .09¢
Lipid. 33.28 ¥ 07¢ 34,84 T 4204 36.81 T1.109
oisture  49.82 ¥ 06C 48.81 T 26%9 47.91 F 819

b

Values are the mean percents in each time perlod

Time on feed is the length of time the cattle were in the feedlot untll the
blopsy date. : .

¢ dyalues on a given llne followed by a different superscrlpL differ
significantly. (P<.05). :

LYy



Table

Carcass composition on a boneless basis.?

b

‘Ffame Size
Small Medium Large
Time on Feed : :

(days) 166 194 214 166 194 214 166 194 214
prorein  14.325 13.94% 12.74%  14.78% 14.320 14380 14.70% 14.28° 14.519€
Lipid 33,500 35.84° s0.185 33,109 33.57% 34.67%  33.25¢ 35.10° 35.59%€

49.75% 48.25% 45.91%  50.00% 4 49.50% 49.70% 48.599 48.32¢

Moisture

- 49.60

4Values are mean percents of all cattle at each biopsy date within frame size

(FS.E.i1.).
b

Frame size was determined by USDA Feeder Grade Standards

CTime on feed is the lenﬂth of time the cattle were in the feedlot until the biopsy

" date.
d,e, f

significantly (P<.05)

Values w1th1n a frame size on the same line with different superscrlpts dlffer

8%
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size was different. There was an increase in the deposi-
tion of lipid; much faster in the SF cattle than was noted
-in the other two frame sizes. This increase was about 2%
from 166 days t0}214-days'on féed, and aboutré'Si increase
from 194 to 214 days. The oqu other sizeéble increase inv
‘percent lipid was noted for the LF cattle. Lipid increased

about 2% from the first time period to the third.

4.6 -Fatty Acid Profile Results

The fattytacid'compositidn of the céttie;used in
the study showed the major fatty écid to be oleic acid
- (C18:1) at 47. 7%‘ This was followed by palmitic ac1d
(CL6:0) at 28.9% and stearic acid (C18 0) 10.0%. These
;three fatty ac1ds comprlsed aoout 85% of the total fatty
‘ac1d proflle, Myrlstlc (Cl4), myr;stolelc (Cl4: 1), palm;
itoleic (Cl6:1), margaric (C17), and linoleic (C18:2)
‘comprising the majority of the remaining 15%. Pentadecylic
(C15:0) and isqpélmitic (IsoCl6)'Wete also_found in trace
 amounts.- These data are in agreémént with Clemens (1973)
in which he reported about 80% ofvthévfatty acid profile
consisted of oléic,.palmitic and stearic acids, with the
"reméining 20% consisting of the five fatty acids mentioned
above The only Dolyunsaturated fatty ac1d found 1n signi-
~flcant .amounts was llnolelc whlch was 1.6% of the total

comp051tlon.
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Fatty acid composition in relétion to frame size
was examiﬁed (Table 6)."It Was determined there was no
significant differénce among fréme,siZes. The differences
between the frame sizes were small and there was no
- established pattern which would indicate a differénce did
exist. |

The fatty acid'composition in relation to-timé on
feed indicated no significant difference when analyzed for
majof components (Table 7); However, it was noted that two
;of’thé major fatty acids,(oleic énd stearic, éhangedfwith4
time_oﬁffeed. OleiCIQCid increasedrfrom,46.l% in the first.
period (166 days)'to 48.6% for the 214'day periodﬂr78tearic'
acid showed a tendency to decrease with time on feed
increaéing. At 166 days on feed 11.2% was‘obsérved, where-
as 9.5% was recorded for 214 days on feed.

This decrease in stearic and increase in oleic hﬁs
been reportéd by several researchers. Link et al. (1970)
found_ﬁhat as the caﬁtle‘grew and accumulated fat in their
adi?osé stores the percent of saturated fatty acid
(stearic) decreaséd aé“the percent of monoenoic-fatty acid

(oleic) increased.



Tabie 6. Percentﬂfatty acid of adipose tissue by frame size.?

Frame Sizeb .
Small , Medium : Large
Cl4 . 3.7 T .16 3.66 T .16 3.92 T .08
cie:1 st as o g3t | 1.27 % .08
C15 a2t o7 .56 1 .04 52 % o4
IsoCl6 06T 02 07 % 04 ot
Cl6 29.71 ¥ 56 28.44 7t 41 28.65 ¥ .73
Cl6:1 446 T 55 3.78 % 32 5.43 ¥ g5
a7 C 133t 9 163% 25 122t a4
c18 | 10.70 fLoo1 - 1.3tz 9.3 T 93
c18:1 w757t 47.71 *1.30 47.78 T 60
c18:2 . 3.40%24 200t 12 178t 33

4yalues are means ( S. h M.).

bbrame size was determined by USDA Feeder Grade Standards

¢



Table 7. Percent fatty acid of adipose tiesue by time on feed.?

: Time on Feedb_

166 days 194 days 214 days -
Cla - 3.99 T 13 366 T 07 367t 16
ct4:1 .95t os o a1t 106 T 19
c1s 58t oad 49 T o4d 43T 07°
IsoCl6 a2t o 06 T 02¢ 0ot od
6 29.81 ¥ .68 2811 T 40 28.87 * .53
c16:1 40t en - a2t 24 5.05 93
¢z C1s2t e 1sit s 123t g
c18 122 fras. 10072 F1lo00 9.46 T1.09
C18:1 46.14 T 81 48.38 T .82 48.54 11.13
C18:2 1.37 % .22 3.96 £ 2.14 1.85 £ .27

Values are means ( S E.M.).

leme on feed is the length of time the cattle were in the- feedlot until the _
‘biopsy date. , '

C’dValues on a glven line followed by a different superscrlpt differ 81gn1f1~
cantly. (P<.05). ,

[49



5. DISCUSSION

:_The method of cell iselation (Yang and Baldwin,
pl973)1ﬁtilized in'the'preeeht lipolytic study gave a lineaf.
glycerol release with time. One advantage’qf'this method
is it allowed for the data to be expressed on a per cell
basis instead of a wet tissue weight basis. Vafying cell
size does not matter with regard to the number of cells
preseht»iﬁ each incubatioﬁ tubé which isra factor when
using_the.tissue.slice proeeduie.

Attempts at relating fat cell incubation results to
the live animal adipose tissue activity must Be‘madevwith
caution. The metabolic activity in an isolated fat cell
incubation does not necessarily mean that the reaction under
study‘occals in vivo in- the same manmer as the 1n vitro
state. ths is due to other factors which are much more
diffieult-to control in the in vivo state.f'Factors such
as nutrition,vage, genotype and physiological stresses
have been implicated in changing the rate of lipolysis.
“he'objective of this-stﬁdy waé to determine if there was
a change ln llpolytlc actlon due to several endocrlnolog-
blcal phy31ologlcal and- crenetj_c changes.

In the nonrumlnant eplnephrlne aDpears to be the

most important physiological signal for an instantaneous

53
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.supply,oflenergy by releasing freerfatty,ecids and
glyeerol (Tepéerman, 1968).: Epinephrlne addition to ret'
edipose tissue‘incubations resulted in a 10 to 60 fold
lincreese in lipolysis (Rddbell l964 Prigge et al., 1971).
These values are large in comparison to the epinephrine
stimulated cattle lipolysis reported in this study (Figure
2) . Addition of epinephrine to cattle adipose cells
.resulted in about a two fold increase_in lipolysis over
basal levels This data is consistent_wlth'results re-
ported'by: Yang and Baldwin (1973), Etherton et al. (1974),
Pothoven:et alf (1975) and Jaster (1979)‘;»23_2239 studies
do not show this increase with the injection of epinephrine
into the live animal. Sidhu and Emery'(l97l)~reported

even when large deses of epinephrine:have'beenvinjected
into cattle only small increases.ih plasma_free fatty acid
levels have been observed. |

The action of epinephrine, in causiﬁg a rise in the

rate of lipolysis, is the result of its ability to bind -

to the beta-adrenergic receptor sites:on the.cell membrane
(Clark, 1933; Ahlquist,'l943). This‘eauses an increase in
the seCOnd messenger cyclic AMPVﬁhiehaactivates hormone
.  sensitlve lipase through a series 6f reaction steps as
illﬁstrated in Figure 1. vThe apparent difference between
the llpoljtlc response of the rumlnant versus the nonrumi-

nant mlght well reflect a alflerence in number and/or
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specificity of beta-adrenergic receptors on the cell mem-
brane. It is known that rats, and presumably other species,
have individual hormone specificlreceptor Sites,(Birnbaumer
and Rodbell, 1969). Alteration of the rate”ofrlipolysis
could»be determined by the number of receptorrsites.
Indeed, the possibility exists that the ruminant could '
have considerably fewer receptor sites per cell than the
nonruminant. This in itself could be a possible explana-
tion for the lower epinéphrine stimulated response since
the potential to increase-lipolysis would;likely be re-
.lated to the number of receptor sites. If this is true,
the logical question is why are the number of receptors

Aper cell less for:the ruminant than found for the non-
ruminant Bauman (1976) reported that this difference
_miéht be related to the availability of nutrients and
phySiology of the ruminant animal. lhe‘rumen~acts as a
largeistorage container,‘which results in'ruminant animals

‘ absorbingia rather constant and cOntinuous.supply of
nutrients relative,to nonruminant species; Conversely,

the nonruminant tissue experiences dramatic diurnal varia-
tions in metabolite availability, whereas, the'rumingnt
-tissue experiences this to a much lesser degree | With the‘
conSistency in eneréy supplies a ruminant animal would

»generally have a much longer period to adapt at tissue
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level to many physiological sitnations; The nonruminant
would require more rapid changes ln'metabollc activity
to.maintain homeostasis. |

Insulin has been noted to be an antilipolytic agent
in nonruminant tissue. It-appears that this inhibition,
created by insulin, is less dramatic in ruminant adipose
tissue then in nonruminant tissue (Baldwinpet al., 1976).
Baldwin et'al. (l973)-reported that insulin,had no signi-
ficant effeot'on the basal lipolytic rate. The present
study concurs with the findings.of Baldwin et al. (1973)
(Figure 2). However, there was a slightly lower mean
value recorded for the insulin compared,to,the basal levels
this, however, was not significant. ;

When insulin'and epinephrine were compined in a
'treatment there was an antagonistic effect ellc1ted be-
'tween tne two hormones. This was demonstrated by a 30%
decrease in the release of glycerol compared to the epine-
"pnrlne stlmulated treatment Similar work by Baldw1n et
al. (1973) supports these llndlngs in that they observed
a 10 to 25% decrease in response. |

The mechanlsm»of the antagonism'of'insulin on
. eplnephrlne seems. to. be related to the - levels of the second
messenger cycllc AMP,~lButcher et al. (l968) reported a
lowering‘of cyclic AMP levels by insulin in rat fat cells

exposed to epinephrine. Jungas and Ball (l963)'who.also
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- noted that the rate of epinephring'étimulatéd fesponse
decreased.with the addition dfiinsuliﬁ, suggested that the
two hormones may‘be acting on separéte counter—balaﬁcing
processes which regulate HSL activity. Epinephrine as

' mentioned‘earlier, stimulates lipdlysis via interaction
with the Beta—adrenergic-receptors thus increasing levels
of cyclic AMP{' Insulin's ability in reducing ievels §f
cyclic AMP probably is caused by its function in activating
3", 5'-cyclic AMP phosphodiésﬁérase within the cell (Senft
et al., 1968). 'Phosphodiesteraée‘reduces the levels of
active cyclic AMP by converting‘it to the inactive 5' AMP
form. Lower levels of cyclic AMP would have the effect of
lowering levéls df?active'HSL and:thus reaﬁce the rates of
lipolysis. |

| Time on feed (finishing diet) and varying frame
size were uséd in this study to determine if they had any
influence on lipolytic activity.. Time on.feed revealed no -
sigﬁificancefon lipolysis between each time periéd‘(166
days, 194 days and 214 dayé). However, there waé-é drop

in epinephrine stimulated rates at 120 minute iﬁcubations
between the 194 day and 214 day periods. The dfop'in the
stimulated rate of lipolyéis could be of biological signi-
' ficance. Pothoven et“al.,(l975) néticed that as cattle
grew, the rates Qf hormqne.stimulaﬁed lipoiysis decreased.

Whereas the basal level slightly'ingreased. Ihis indicates
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that maturing of cattle might have an influence on the way
the adipose tissﬁe reacts to hormonal stimulus. The signi-
ficaﬁce noted between the animals in Pothoven's stgdies
might elso have been realized in the present'stﬁdy if the
period of days between tissue biopsies had been increased.
Frame size had a significant effect on the lipoly-

tic rate. - These'differences possibly ceuld be dﬁe to:
efficiency (feed per unit gain), average daily,gain, feed
consumption or physiological agerand genotype ef the animal.
.These factors have also been noted to differ in relation
to frame size (Cole et al.; 1964 ; Hedrick et‘ale, 1970;
Adams et al.,-l973;'Smith etval,, 1976; Koch'et:el., 1976).
At the cellular level the ultimate,cause for differences
are the variation in metabolic activities witﬁih the eells.
~The differences noted (P<.05) in the lipolytic rate between
cattle of verying frame sizes are probebly due tobthese
| Vafiations_(Teble 1). | »I |

| There_are a few poseibilities thaﬁ mightxe%plain~
this diffefence in lipolysis. . These are: (1) the concen-
tration of lipolytic enzymes, primarily HSL (rate limiting
~enzyme), (2) a variation in the number and/or,specificity .
of the bete~adrenefgic receptorseon the cell'meﬁbrane, this
- would alter the respense tobsﬁimulus, andA(Bj p?olonged.‘

exposure to levels of a hormone such as insulin, could
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_.cause a lack‘in responsiveness to a‘speéificAhormone
.treatment; The possibilities above might also accounﬁ'

- for larger différences among animals (SF and LF cattle) as
the incubation time increased. For example, increase&>
numbers of receptors or increased‘concéntration of HSL ih
a fat cell would show a greater-difference in lipolytic
activity over an extended period of time than a cell that
‘did not have these high levels.

| If the.animalé Werg managéd in similar ways the
genetic background would likely be the cause for the
'_differences noted in lipolytic.rates and carcass compoéi—
tion. The_LFbcattle in comparison WithVSF cattle would have
a greaﬁer genetic potential for utiliZihg energy predomi¥
nantly for protein deposition relative to faﬁ deposition.
The cafcasé COmposition déta (Tables 3,and'5) seem to
sﬁpport-this,idea. The requirement for more;energy_by-the
LF céttle could be satisfied'by two soufces, they are: |
7(1) increased feed cohsumﬁtion which is evident, and/or
(2) the utilization of energy stores in adipoée,tissuef
Data in Table 1 indicates‘that this iS_also the case.
Data in Table 5 indicéte these differences,iﬁ:.

cattle; in that the SF cattle were depositing fat at a much
,'faster'rate than their LF and MF‘countérparts. This»
E difference c6uld be aécbunted for by either an increasé-in

‘the rate of lipogenesis or a decrease in the rate of-
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lipolysis. The results in Table 2 indicated that SF
cattle had a lower rate of lipolysis than the other two
grbuﬁs} H

One of the underlying.factors that may be influen—
cing the rate of lipolysis in the different frame size
cattle is the physiological maturity of the animals. The
age factor has an important role in lipolytic action.
Miller and Allen. (1973) determined in ratsbthat with in-
creasing chronological age there was a decrease in lipo-.
lytic activity; This decrease they sayiis.caused by
altered cellular activity. Pothoven et al.'(l975) in
study, mentioned earlier, notlced a decrease in stimulated
llpolytlc act1v1ty in cattle as they matured This change
could also be attrlbuted to altered cellular activity.

- Studies deallng with maturing characterlstlcs of
cattle show that larger frame size animals matured at a
much later chronological agefthanlsmaller'size cattle“
(Cole et al., 1964; Adams et al., 1573; Peacock et al.,
1979). Since larger frame size animals might mature later
chronologicallyrthey would’probably require a greater .
length of time- 1n the feedlot to accumulate sufficient
amounts of intramuscular fat to meet USDA grading stan-
dards for choice carcasses.

There is.some'evidence,‘obtained in this study, that

would indicate that there wasea difference'in physioleglcal
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‘agé between the frame size groups of cattléf ‘Data in Table
1 demonstrate that the SF cattle héd a ibwér stimulated
lipolytic rate than the LF cattle. This could be an
indication that'thé>SF cattle may have alréadyvreached‘é
period in their life where the stimuléted lipolysis begins
to decline with age.. Other results may indicate that

the SF battie are older pﬁysiologically than their LF
counterparts is the carcass composition daté.

Hedrick (1968) reported that an increase in percent
lipid and subsequeﬁt‘decreasé iﬁ'proteiﬁ and moisture has
been obsérved in the process of maturing. Table 5 revealed
that the SF cattle were increasing in lipidvin each conéec-
utive time (P<.05) period, whereas, the LF cattle did not
demonstrate this pétﬁern. The probable causé_for this
patterh could be to lower the'lipolytic rates-of the SF
cattle‘which, in turn, could be caused by an older physio-
logical age.

"'Cértainly research should‘continue ih_the area of
lipolysis to more aécurately.extablish factofS'affecting it.
Added knowledge of the metabolic processes of the adipose
tissﬁe_may help in-understandingbthe regulétory mechanism

of lipolysis.



6. Summary

. The présent study was-undertaken'tdvinvestigate
lipolysis, -as influenced by hormonél treatment, in beef
cattle of varying frame size. The release of>glycerol'
was used as a measure of lipolyéis. Six_cattle were
assigﬁed to different frame sizes according to the USDA
feéder grade standards. Subcutaneous fat biopsies were
performed: at threefdifferent times (166, -194 and 214'days)‘
on céttie beingrfed a fiﬁishing diet.

The cells'Were isolated and treated with a horﬁone
treatment and‘incubated for 60 and 120 mihutes. Epine-
phriné, insulin and~a combihatibﬁ of bothAweré'used as the
hormdne treatments. Lipolytic actiyity was compared to -
carcass composition of the various frame size cattle.

The epinephrine treatment produced.abouf a two
foid increase in lipolysis over control ieVels;-régardiess
of frame size. Therinsulin treatment when compared to the
control treatment, showed no significant difference.
However,'thefe was aﬁ antagonistic effectbelicited by ,'
insuiin upon,épiﬁephrine whenfthe two horménes were»cbm~
bined. - This was demonstratedAwhen epinephrine stimulation

was compared to epinephrine + insulin stimulation; there
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 nas a 30% decrease in’giycetollrelease in the treatment
with both‘hormones:' It is postulated that the cause for
,the antagonlstlc action of insulin on eplnepnrlne is due
to insulin's ability to increase the concentratlon of-
active 3', b'-cycllc AP phosphodlesterase. |

Comparison of lipolytic activity by tiﬁe on feed
demonstrated there was minimal effect on lipolysis as-time
on feed increased. However, there was a decrease of gly-
cerol release in the»epinephfine stimulated treatment; at
120 minutes between the 1947and 214 day time periods. This
was not significant, but could be of some biological’
.importance because it might give'some indication that the
ﬁaturing pfocess.is taking‘place.

_Lipolytic activity was greater (P<.05) in the large
frame (LF) cattle as compared to medium (MF) and small
frame (SF) cattle. These observed differences could
pOSSibly be'due_to variations at the cellular level.
'Changes in the'concentraticniof rate-limiting enzymes,
~such as hormone.sensitive lipase (HSL) or a difference in
the specificity and/or number of receptor sites on the
cell membrane CQuld accOunt for these cellular differences.

The cnemlcal carcass ccmparlson data revealed that
the SF cattle were depositing fat at a much faster (P<.05)
race than the_otner twoiframe sizes (Lable 3). The under-

'nlying factor that'might cauSe these differences between
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framé sizé is the physiological maturity of the animal.
The carcass composition and lipolytic activity seem tb
indicate that the SF cattle are physiologically mofé_'
mature'than'their LF counterparts. Continued investiga-
tions into lipolysis wquld increase the knowledge of |

lipolytic regulation in cattle.
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