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ABSTRACT .

A sensitive radioimmunoassay for oniné'serum'insuliﬁ_wasAde—
veloped, Further, three experiments under normal feeding cqnditions
and one under starvation cond&tions'were conducted using jugulaf éathe—
terized steérs, Also propionate-and butyrate were infused‘iﬁto several
steers for the production of high insulin serum,

The data indicated that unfrozen, Merthiolate-preserved serum
lost insulin activity. Further, no meaningful correlations couldrbe
established between serum cortiéél, insulin, and total serum lipidé.
HoWever; after a'72—hrrsﬁarvation peribd, serum cortisol concentrations
rose drastically followed by a decrease in serum lipid levels, indicat-
.ing a possibie relationship between these two serum comppﬁents. In
- addition insulin concentrations were elevated with the infusion of-
.propionaﬁe or butyrate, indicating that serum,insglin and lipid ha&e an

important metabolic relationship.
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CHAPTER 1
INTRODUCTION

The influence of serum insulin and cortisol en totairserum
lipids has not been studied with reference to the bovine, 'He%ever, it
hae been indicated that insulin and corfisol play an impOrtantrrole in
lipid metabolism of other species. Therefore, the relationships of
both. serum insulin andvcortisol warranted investigation,

Not uﬁtii recently Have precedure85 specifiealiy radioimmuno-
assays, been developed tﬁat were-sensitive enough to quentitatively
measure hormones in'physiolegical conceﬁtrations. Although fhe bovine
serum cortisol assay hed been‘developed'and was Workihg, fhere were ex—'
tensiveﬁproblems with the insulin radioimﬁunoassay; |

For the most part, insulin radioimmunoassafe that have'Eeeq de-
veloped have.been designed specificaliy for humap insulinrand are in-
seneitive to bovine insulin because of slight but important differences
in the amino acid sequence of the two insulin chains. Therefore, in.
order to quantitatively measure bovine insulin the radioimmhndassay
must be specific for bovine insulin. Alﬁhough other researchers haveA
modified radioimmunoassays for bovine ineulin, there are always chemi—"
cal and mechanical problems encountered in the development of a rediof
immunoassay for a specific'laboratofy.

- The objectives of this reseafch were to develop a sensitive
radieimmunoassay for bovine insulin and to study the influence of bovine

1



serum insulin and cortisol on total serum lipid, Furthermoré,:it was
hoped that a more thorough understanding of-lipid metabolism in the
bovine would lead to possiblevmethods of iﬁfluencing'intramuscular lip~-

~

ids as well as increasing the knowledge of bovine subcutaneous fat

deposition mechanisms,



CHAPTER 'II
LITERATURE REVIEW

Human Insulin Studies

Due to the mediéal significance of diabetes in man, there"has
been a great'deai of research in thé area oftcérbohydtate ﬁétaboliaﬁ
and its relationship to iﬁsulin,.,Notvuntil fecently has thg arearof
lipids and lipid metabolism taken én a significant role in the insulin
‘diabetes interaction. |

Goodner, Conway, and Werrbéch (1969) obser&ed that-plasma in-
4sulin in nonobese human éubjects aVeraged 13,nﬁym1 of plésma, whereas
in obese human subjects plaéma insulin averaged 34 uU/ml. Goodner et
al. <1969) further showed that in nénobesé diabetics, plasma inéulin
was 39‘ﬁU/ml, a value more closely éligned with obese subjects thaﬁ
normal'oneé.ArThese data support the widely accepted thedry that the
levels of blood insulin in humans are more close}y related to body
weight thaﬁ fo the dggree‘of hyperglycemia._

The question as to whethef fat and not simply bbdyAweight is
the cause of high levels of insulin in some humans remains unanswered,
Schalch and Kipnis (1965) réported tﬁét»subjects ingesting a "fat meal
mixture'" showed a rise in nonessential fatty acids from 488 + 45 wmEq/L
to 767+ 11 uEq/L, but the blood'giucose‘and insulin levels remainéd
unchénged.. Kah1enbergvand Kalant (1?64)[concluded that iﬁ'humaﬁ iﬁcu—

bated adipose tissue from nondiabetics insulin stimulated both the

3



,transpdrtation'and phosphorylation of‘glﬁcose. In human aiabeiics on
the other hand, the glucqse»tgansport4pfécess in incubéted adipdse tis-
sue had a decreased responsivenesé to insuli.n° The éaﬁé conelusions
may possibly help explain the High insulin values that Goodnér et al,
(1969).found in obese subjects,

From,these*reports it seems reasonable to.assume'that3 i
humans, insulin levels and secretory responses of the pancreas are pri-
marily a function of glucose metabolism, Pruett (1970) observed tﬁat,
when healthy males were stressed in Qork exéeriments to 70% of their
maximum oxyéen uptake, insulin &ecreased.significanﬁly (P < .,01) at the
50 and 70% level of the subject’s maximum oxygen upﬁake; Furthermore,
the tolerance to glucose was markedly increased after the'ekhaqsting
work gnd insulin-~levels closély foliowed the glucose disappearance
curves, |

Randle et al, (1963) proposed that the interac:ioﬂ betwéeﬁ glp-‘
cose andrfétty acid metabolism in muscle and adipoée'tissue took the
form of a cyéle which is fundamehtgl to the control of blood“gIUCose,
fatty acid concentration, -and insulin seﬁsitivity. This is'still'fur-
ther support for the theory that in humans insulin levels are primarily

a function of glucose and its metabolites, but that there is a definite

and important relationship with lipids,

Rat Adipose Tissue Studies

The glucose-fatty acid cycle that Randle et al. (1963) proposed
‘becomes more evident when taken into account with rat adipose tissue

studies., Leonards and Landon (1960) found that incubated rat
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epididymal fat was stimulated by the additioh of insulin to thé ﬁediuﬁ.
Glycogen, as well as-o#idation of the #1 carbon atom of glycose,torcozi'
and fatty acids, was stimulated. AConversely, increasing the amoﬁqt of"_
glycose in the medium'stimulated'the oxidation of the #1 carbon'atoﬁ of

glucose'to CO, and the synthesis of glycerol, Leonards aﬁd Landon

2
(1960) suggested that the action of insulin on glucose alone does not _
adequately explain the observed phenomena.

Goodman (1§67), workiﬁg with incubated epididymal adipqse seg—
ments from rafs, éonéluded that both insﬁlin and growth ﬁormone in- |
creased the incorporation of 14C in the tissue from glucose, ﬁannose,
and fructose, Furthermore, inéulin increased the incorporation'éf l?C
from glucose into glycogenf Goodman tl967) suggested thaf both insﬁlin'
and growth hormone accelefated the_entrancé of‘hexoses into adipoée
fissue, Denton, Yorke, and Randle (1966) were able to increase the in-
corporation of glucose-6—phosphate into ‘incubated adipose-tissue and
muscle wifh the addition of insulin to the incubation media,

In suppbft of Goodman (1967), Sweeney and Ashmore (1965) sﬁowed
thét insulin deficient rats had a reduétidn in thé incofporation of 14C
from 1abeled pyruvéte or acetate into fatty acids in incubated liver
.slices; These workets furtherzshowed that the fatty acid synthesis was
'réducéd in 1ivers of hypophyseétémized rats and that anti-insulin serum
resulted in a further decrease in lipogenesis. Sweeney and Ashmore
(1965) coﬁciuded that the fatty acid synthesis from pyruvate and ace-

tate is dependent to some degree on insulin and, fUrther; that the re-

duction in fatty acid synthesis from labeled pyruvate occurs



'6-4
independently of any chaﬁge.in pyruvate utiiizétion or incorporation of
pyruvate carbons into glucose, .The findiﬁgs.of Leénérds:and'Landén‘ |
(1960), Goodman (1967), and Sweeney andrAshmore (1965) support the hy-
vpothesis that'insulin.andllipid metabolism are ¢lose1fvrelated. - |
fain,:KOvaceu, and Scow (1966)'re§orted that insulin feduced_-
both fatty acid and'glycerpl release froﬁ incubated gdipoée tissue of -
gfarved réts. When glucose was added to the medium, the insulin again
. héd an inﬁibitory effect, Fain et al. (l966)_suggestéd that in adipose
tissue éélls,,insulin haé an'anti—liﬁoiytic.effect whether or not giu—-
, cose is present, ” |
Gilmour and McKerns (1566) calcufatéd a positiVe linear rela-
"tionship between synfhesis of 3H labeled lipid and the log of the in;v
sulinvconcentfation added ts the incubatién medium of rat epididymal
Vfaf padé. - Gilmour and McKerns (l96é) concluded that the pentose shunt
plays a 1érge‘rolé in gluéose catabolism and the inéorporaiion_of 3H
labeled lipids frbm glucose and that the rate of giucose hydrogens in-
corporated into lipids might possibly be controlled by the aﬁount of
NADP presentm' However,.lipid synthesig was not stimulated with the
addition of NAbe or ATP to the medium; |
| In general support of the‘theory that insulin influences the.
éynthesis of fatty acids inradipo;e tissue, Vassalli and Jeanrénaud
(1970) showed that insulin decreasedAan inducéd—1ipolysi§ in incubated
rat adipose tissue. Furthermore, Toomey et al, (1970) showed that pro-
insulin, a precursor of insulin, blocked induéed 1ipolysis. Insulin

Vwas also shoWn to block lipolysis, Both insulin and'proinsulin had a.



7
stiﬁdlatory effect‘on glucose oxidetionnﬁith iﬁsﬁiin being.tﬁecmore,po-
tentf The findings of Toomey et al. (1970) supported the work-of those
who suggest'that glucose oxidation is enhanced byrinsulin, and the,te—
sulting metabolites are shunted -into 1ipid‘synthesis. Supporting
Tcomey et al, (1970), Chlcrwerakis’(l967) revealed that rat adipose
. tissue in a medium with insulin but no glucose resulted in a partial
inhibition of the rate of lipolysis, . However, Chlorwerakis (1967) fur-
ther stated that at high 11polyt1c rates the hormone (insulin) not only
- failed to exhibit an inhibitory effect but had a mild stlmulatory ac—
tion., This work sgpports the theory that the action of insulin on
lipid.is-independent of its action on glucose,

Insulin: Fatty Acid Synthesis
and Release in Rats

Benjamin and Gallhqrn (1964) found that ldpid biosynthesis was
depressed in the diabetic rat and was only partially repadred by in-
sulin added in vitro compared to insulin administration in the.live
animal, Furthermore, in the diabetic rat a deficiency in oleic acid
synthesis was corrected in time after insulin therapy, These research-
"ers concluded that in the diabetic, an oxygenase is defective'in lipid
synthesis and is corrected onlyiwith time and insulin therapy. Further,
insulin added in vitro increased the‘rate of total fetty,acid eynthesis
by diabetic rat adipose tissue. This increase was reflected solely in

saturated fatty acid synthesis as there was no.concomitant increase in

oleic or palmitoleic acid, .



Malaisse and Lague (1968) reported that insulin secretion in
incubated rat pancreatic tissue was stimulated by B-0OH butyrate,rpalﬁi—
tate, but not octanoate, This study suégested that the lipid and pos-—
 sibly some protein meﬁabolites stimuléte inéulin secretionriﬁ.a process
comparable to that of glucose. The fiﬁdings further suggeStea'that the
oxidation of substrate compounds through the Krebs cycle could bossibly
provide both the stimulus and the energy required to provokerﬁhe process
of insulin sgcretion, Fﬁrthermore, the keto-acids, fatty aﬁids,vaﬁd
amino acids might be involved in the feédback control mechanism of in-
sulin secretiqn in vivo comparable to thét-existing for glucoSe; Con~-
trary to the fihdiﬁgs of Malaisse and Lague (1968), Sanbar aﬁd Martin
(1967) reported-that iqsulin secretion was éignificantly iﬁcrgased
(r % .001) in incubatea rat pancreatic tissue by the addition of 3,0 mM
o;tanoate° Insulin levels increased over control levels byA4;9 + 0,89
uﬁ/mg pancreatic. tissue. However Withithe.further addition»éf glﬁcose
and no octanoate, Sanbar and Martin (1967) reported an incréaééd insu-
1lin secretion of 2,96 * b.96,nU/mg tissue over control levels. Accord-
ing‘to these workers, octanoate is capabie'of directly stimulating
additional felease'of insuliﬁ from thé p;ncreas above that release
vcaused.by glucose,

Although the rat adipose tissﬁe studies are not conclusive, it
is reasonable to assume that lipids and insulin are closély related and
quite possibly the action of insuiin on lipid metabolism is iﬁdepéndent

of its action on glucose,



SHeep Infusion and Transplant Studiés
The effect of short chain fatty acids on insulihlin sheep is
well documented, Manns and Boda (1967)_reported'that'infusing,proﬁio—

nate and butyrate increased plasma insuliﬁ; while infusion of glucose

did not increase plasma insql}n concentrations aboveAthé sa1iﬁe con-
trols, Supporting Manns and.Boaa (1967), Hertelendy ef:él. (1968)
demonstratéa, whether glucose was present or not, that significantly
more (P < ,001) insulin was secreted in the presence of propionate or
butyrate, The theory is now proposed that the pancreaé of ruminants

can be directly étimulated By vélatilé fatty acids independent of giu-i
cose utilization, He?teléndy et él,_(l968) found‘that.g;ucose and
volatile fatty acids together had a stimulétory effect_étronger than
either oﬁe administered singly, suggesting that the volatile fatt& acids
and glucose togethef are additiﬁe,- Boda (1964) established that glu-
cose is a powerful pancreatic stimulator.in ruminants,.- By infusing
exogenous glucose in;o fasted wethers with an average serum insulin
concentration of 126.uU/m1; this'wquer.was‘able to produce a tenfold
increase in 10 min in serum insuliﬁ levels; Conélusively, a positive
felationship between amount of insplin ‘secreted ;nd utilizatidn’rate of
glucose was established. Trenkle (1970a) established tﬁe same type of
relétionship as Boda (1964) ﬁitﬁ_the‘éxception that butyrate and propio-
nate were used in pléce of glucose, Trenkle (1970a) noted a marked in-
crease in serum ipsulin of sheep'infused~with'butyrate,vpropionate; and
glucose with but&rate giving_the gfeatest inéreasé and glucose the

smallest.,
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By tranéplanting a portion of a sheep's exteriofized carotid
'artefy,into the jugular vein 1oop,“B¢11‘et al, (1970)‘Was asle to di-
rectly sﬁimulate the pancfeas.bjninfusing‘glucoge-and-bthrafe'into ihe -
transplénted tissue. Infﬁsing bufyrate at a réte of'O;ZrmMyhin'for 66 |
min, serum insulin rose 5-15 pU7h1 above controls,- | |

Manns, Boda, and Willes (1967) developed a surgical tecﬁnique
which allowed the enrichment of the pancreatic arterial blood of sheep.
By - infusing butyrate, insulin secretion was stimulated by a direct ef-
fect on the pancreas which was not due to or:associated Qith hypefgly-
cemié; Insﬁlin incréased from -52 aU/ml to 120 uU/ml in 3 min in the
portal vein plasma by infusing 0,2 mM of butyrate per minute, while
blood gluéose remained constant, It is thought that‘ﬁhe livef may in-
directly control pancreatic islet function inAsheep because>extraction
of butyrate and propionate from the portal blood by tﬁe li&er governs
the concentration of substrates in the blood reaéhing the bancreés._
This postuiation is suppOrted'by the féct that the insﬁlin concentra-
tions,repdrted by Manns et al. (1967) were low in jugulér plasma but
high in portal plasma due to the degradation in the.liVer.and possible

dilution in circulation,

Insulin Studies with ngs
Madison et al, (1968), by injecting a triglyceride emulsion
plus heparin into dogs, foundran acute elevation in plasma free fatty -
acids'comparable to that observed during prolonged starvation, Associ-
ated with the elevated free fatty acid level was a 40% decrease in

plasma glucagon and a 35% decrease in'plasha insulin. Madison et al,
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(1968) concluded that the.inhibitory feedback of free fatfy'acids on
- glucagon sécretion,and'stimulatory feedback-on.insulin secrétion may
contribute'to the smooth transition from*carbohydraté to fat metabolism
Charatteristic of prolonged starvation without the progréssive danger
ofﬂproioqged,acidosis, B

. Crespin, Greenough, and Berg (1969) caused acute elevation of
plasma free.fatty acids by infusion of sodium oleate into conscious
dogs. The infusion was acéompanied by a rapid_onset of a 2 to 12-
fold increase in plasma insulin and a‘subseqUent falling of plasma glu-.
cose, A significant (P <M,Ol)risé'in insulin levels accoﬁpanied by a-
decrease in glucose also'occurred'when glycerol was infused with oleate
in order to stimulate lipolysis, whereas tri-olein produced only small
changes in plasma insulin levels. The results indicated that under.
certain conditions, elevated free fatty écid levels may beia-potent
‘stimulus of insulin secretion and that oleate can stimulafe the release

“of insulin directly from the pancreas,

Insulin Studies with Cattle

Young et él. (1970) reported that the levels of piasma-insulin
in milk-fed‘célves cioselyrfollowed the same pattérn as plasma glucose
o&er a period of time. Plasma insulin coﬁcentrations were positiveiy
correiated with plasma glucose (r ; 0.78) aﬁd total reducing‘sugars
(r = 0,72), . There was no significant relationship betwéen age and
plasma insulin concentrations, Young’et al, (1970) stated that the
role plasma insulin plays in decreasing glucose entry into ruminants 1is

unknown,
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Nathanielsz (1970), studying the newborn calf, theorized that
amino acids play a similar role as glucose after the injestion of feed.
By infusing 0.25 g Aminosol/kg in the newborn calf, this worker was
able to increase the concentration of plasma insulin, On day 1 insulin
concentrations averaged 0,60 + 0,07 ng/ml after infusion. On days 2
through 6, 15 through 26, and 30 through 60, the increases were 0,83 =+
0.25, 1,10 £ 0,22, and 2,26 + 0,37 ng/ml, respectively. These data
indicated that, although basal levels of insulin remain nearly the same,
the pancreas of newborn calves become more sensitive to amino acids
with age.

Irvin and Trenkle (1971) found no significant differences in
plasma insulin concentrations in steers and heifers at 18 and 204 days
of age, indicating that insulin concentrations in the bovine do not in-
crease with age, Increased levels of plasma insulin were observed dur-
ing the finishing stages, but these researchers attributed this rise to
feed composition rather than age and concluded that there were no sig-
nificant differences due to growth,

Trenkle (1970b) noted differences in plasma insulin concentra-
tions in steers and heifers fed a stilbestrol finishing ration., Levels
of plasma insulin gradually increased while the animals were on feed.
The correlation coefficient between plasma insulin and weight gain was
0.29, while the relationship between growth hormone and weight gain was
0,13,

Although insulin concentrations are apparently not a function

of age in cattle, McAtee and Trenkle (1971) reported significantly
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higher (< ,01) insuliﬁ levels immedia£e1y.aftér feeding thangbefore,'
>aﬁd.significant1y (p < ,01) lowér conqentrafioﬁs 46 to 48 hours_éfter
féeding.thaﬁ,the 6-hr period post feeding° Further, infusing propi;—
‘nate, butyrate, and glucose significantlyrincreasedr(P < ,01) plasﬁav
insulin levels in fasting steers. Insulin levels rose from 0.5 to 4;9 ’
ng/ml after 30 min of propionété infusiéﬁ andvfrom 0.6 to Z.é ng/ml -
after 15 min of butyrate infusion. Suppoftiﬁg Trenkle (1970b), McAtee
and Trenkle (1971) reported thatvfastingrcaused'a decrease in plasma |
insulin, while feedingvincreased.insuiiﬁ';éncentrations. 'McAtee and
Trenkle (1971) suggested that changes in plésma‘insﬁlin were. caused by
more than changes in plasma glucose:becéuse of the low cbrrelationéfbe-
tween plasma insulin and glucose, qusibly the volatile fafty acids
have the ability to directly stimulate'the pancreas of cattle,

Trenkle and Irvin (1970) found low correlations between insulin,rr
growth hormone, and body weightrin 18- and 198-day-old steeré. How- 7
evér, the correlation coefficient between plasma insulin and yearling
weight was 0.41 (P < .01). Furthermore; there was no significant cor-
relation between plasma~insulin.and feediot gain, but plasma insulin in
young animals tended to be positively cofrelated with fat deposition in
finished steers, Trenkle (1970b) suggested that a plaﬁsible explanation
of why growth rate declines with age is that,with maturity;‘tiSSues be-
come less responsive to the ﬁhysiologicai 1eveis of these hormones in

biological fluids,
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Cortisol Studies in Rats

Cortisol, like insulin, has ﬁeceived litfle attention with ref;
erence to the bﬁvine species and especially,beef,cattle:. Howevér, the
influence of cortisol and.other giucocorticoids on lipid metabolism'hag
_been widely studied in the rat, Brady; Lukins, and Gurin (1951), stu&y—
ing the-incorporation of 140’ac§tate.into long chain‘fatty acids in in-
qubated rat liver slices, reported that.pancreatotomy inhibitéd the.
process, whereas hypothysectomy produced a stiﬁulatory effeét. ‘Fprther—
more, Brady et.al. (1951) reported that COrtisél injections_resuited in
a profound inhibition of fatty acid synfhesis by liver slices of norﬁai
rats,

Jeanrenaud and Renold (1960) reported that the metabolism of
pyruvate zflac and glucose (uni%ormly iabeled'lAC, 1-14C, or 6—14C) to:

CO, and fatty acids was stimulated in the tissues from adrenalectomized

2 B
and normal rats following glucocorticoid‘adminiStfation. Adrenalectomy
combined with alloxaﬁ diabefes did not modify the metabolié pattern
_characteristic of diabeteé. ‘Jeanrenaﬁd and Reﬁold‘(1960) further re—
ported that co;tiéol failed to influeﬁ;e the oiidation of, or.lipogeneF'
sis from, glucose or pyru&ate when added in vitro at a concentration of
30 png/ml. However, the presence pf'qortisol incfeased the net relgase
of free fatty écids from édipose tissue, >The effect of cortiéol was
greater at a concentration of 30 rathe? than. that of 3 ug/ml,

It is apparent that cortisol is invdlvgd either directly or in-
directly with lipid metabolism. Ashmore et al;'(l956) stated that if

was' evident that cortisol decreased and insulin increased fatty acid
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-synthesis in the livef ofArats, Ashmoré ét al, (1956) further repoftéd
_that the activity of gluépse-6—phosph;ﬁe ?ér gram 5frwet liver WAS‘inE
creased over normal in fasting re-fed rats and aliokan diabetic rats!
Diabetic adrenalectomized rats had a norﬁai glucose-6-~phosphate aétivity.
Injection of insﬁlin in vivo deéreaséd liyer-glucose-6-phosphate while
the adrenal corticoid horﬁones tended to:iﬁcreése liver glucose=6-
phosphate, Ashmore e£ al, (1956) coﬁcluded that the role of cortiéol
and its effects on lipid metabolism is probably best explained by its
effect on glucose-6-phosphétase, which of éoﬁfse wouid have a fremen—
dous effect on-glucose,and lipid metabolism,

Goodman and Knobil (1961),'studying fastihé rats, reported
gdrenalectomy did not abolish the increase in blasma free fatty acid:
concentration during fasting, but the magnitﬁde of the rise was greatly
“reduced, By treating the fasting rats with 1 mg of cortisol-acetate‘
for one week, Goodman and Knobil-(l961) ré—establishédﬁthe-normél re-
spbnse to feeding. These workers furthgr stated that; although the
pituitafy, thyroid, and adrenal glands did not initiate free fatty acid
metabolism in responée to fasting, they.did appear to play a modifyiﬁg
role in this response, | |

Contrary to Goodman and Knobil (1961), Kabal and Ramey (1960)
reported that adrenalectomy resulted in high plasma>free fatty acid
concentrations which could be depressed to normél levels by cortisol-
administration,  There is no apparent reason for thé aforementioned -

discrepancy.
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Leboeuf, Renold, and Cahill (1962) observed no effect on the
oxidation of glucose or lipogenesis from pyruvate with the addition of
cortisol to the incubated rat adipose tissue at a concentration of 30
ung/ml, However, a significant (P < ,0l1) increase in the rate of free
fatty acid release into the incubation medium was observed with the
addition of cortisol or corticosterone.

Slavin and Elias (1970) reported that explants of white and
brown fat from young mice fasted for 48 hr responded differently to in-
sulin and cortisol, In both brown and white adipose tissue, insulin
acted to increase the cell size and amount of intracellular lipid,.
Cortisol administration had no influence on cell size or intracellular
lipid. When cortisol and insulin were administered in combination,
there was no significant increase in either cell size or intracellular
lipid., The work of Slavin and Elias (1970) suggested that the role of
cortisol in lipid metabolism is stronger than that of insulin due to
the fact that when given together cortisol could cancel the increase in
intracellular lipid caused when insulin was administered alone,

McGraw (1969) reported values for plasma free fatty acids of
0.04 mEq/ml in normal rats, 1,30 uEq/ml in diabetic rats, and 0.30
xnEq/ml in adrenalectomized rats, Treatment with cortisol for 24 hr in-
creased plasma free fatty acids in adrenalectomized rats to 2,24 mEq/ml.
McGraw (1969) further reported that administration of cortisol to adre-
nalectomized diabetic rats returned the animals to a diabetic state
manifested by high plasma free fatty acid concentrations and increased

glycerol release,
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.Féin, Scow,tand.Chefnick (1963) réporfedlthat'the roié of thélfi

adrenal corte# in fat metaBolism'is generaliy éonsidefed'to be a per-
misgive one, and further that glucose gptake-and conversion of COZ’

total lipid, and fatty,acids'are decreased by glucocorticoids, -

Cortisol Studies in Sheep

Paisey and Nathanielsz (1971) rep6rted-thét plasma coriisol
leQels of ten newborn lambs were significantly'higher (P < .02) on day:
1‘$f pqstﬁatal life than on any other day postnatal, A value of 6,3 ug
of éértisol/lOO ml plasmé‘§n day ljwas reported and the cortisol levels
remained between i.O and ZQO,ng/lOO'mi from 6 to 30 days of ége with no
further increase in plasmé cortisol With'ége. |

Panaretto.and Vickery (1970) observéa tﬁat plasma cortisol lev-
els increased greatly when shorn sheep were exposed to cold, wet condi-
tions for up to 70 hours. The increasé_;dntinﬁed until concenfrations
of 10 to 20- 1ug/100 ml were reachea;x These high-levels opriasma.cor—
4tisol are approximately ten times highef than thése reported by Paisey
and Nathanielsz (1971), indicating that under normal coﬁditions plasma.-
‘cortisol levels dé not increase with aée in sheep.

Bassett (1963) rgpérted that_eWes.administered 25 mg of
cortisol/day for.a Zi—day period~had.an increased feed iﬁtake. When
1eveis of 50 to 75>mg/day were administered there was no additional re—
sponse over the 25 mg/ day level, Furthermore, 150 mg of c&rﬁiéol/day
resulfed in a marked decréaSe in voluﬁtéry fegdrintake. Only very |
small and nonsignificant changes in blood kétones*and plasma free fatty

acids during the cortisol administration were noted,
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Spurléck gnd Clegg (1962) reported that 8Q-Weaned ewes and |
wethersrinjected three timés.weékly~witﬁ 25, lOO,:or 300 méAof‘cortisél
~ had sigﬁificaﬁtly‘higher (p < ;01) gain, feed'conVefsioﬁ, percent fat
in the carcass, énd:fét depthvover_thévLongissimus muscle at the lth.
‘rib, Furthermore, cafcass‘grade-scorés were ‘increased with treatment;  "
Spurlock and Clegg (1962) concluded by étating that cortisone shows
promisé for uéé'in finishing lambs, providing they»are old énough to
have‘coméleted 75% of their muscular aevelbpment before treatment,

Althoqgh the exact roles of bofh insulin and cortisél_éré not
known Wifhkreferenée to lipids, it is ciear»that:they are involved withr
lipid metébolism? Eisenstein (1967) reported thaﬁ most of the effects
of the corticoids are opposed-by insulin, = Homeostatis is therefore
maintained by a qounterbaiance of the two hormones, It is therefore
reasonable to assume that both insulin and cortisoi play an impbrtant[v
role in 1lipid metabolism, but és evi&enced'by thé'litefatﬁre this role

- has yet to be established.



CHAPTER III

MATERTIALS AND METHODS

Canulated’Steefsrr

Two steers of comparabie~weights (2507kg)'were chosén for. four
experiments, Polythylene catheters (16.7 mm I.D.) were plaﬁed in the
juéular veinskof-eachiéteer usiﬁg‘the method of C. B. Theufer (Dept,.
of Animal Science, ThevUnivefsity of Arizoma, péfsonal’communication,
1971). When not being used, the catheters were filled with 2.5% sodium
citrate and closed with a tight fitting stainless stéel brad. The ani-
mgls were bled twice daily even when not on test, This aided in keep-
ing the catheters clear for a longer period §f time. Blood was taken
with a 20-ml disposable syringe fitted with a sharp 18;gaﬁge néedle.
If the blood was to be saved, if was immediately poured from the syr-
inge into ; 50-ml nalgene centrifuge tube, stored at & C for 24 hr to
allow cotting, and then centrifuged at_l0,000 rpm for 10 min. The |
serum was pipetted off and placed in nalgene bottles,  0he milliliter
of of a 1% merthiolate solution was added perAlOO mlef serum as a

preservative and the samples were stored at 4 C until analysis,

Experiments I and II

During the first and second experiments, the aﬁimalswwere main-
tained on a 60% concentrate ration, each receiving 3,6 kg twice daily,
While on féed, the animals were bled every & hr for a 48-hr period.
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The first bléeding.was at 7 am on day 1 and the last-was at .7 am oﬁ.day‘

3, At each bleeding, 'approximately 50 ml of blood was taken.

Experiment III

During the third experiment, the animals were bled évery 4'hf
for a 72-hr pefiod° Howevef, 24" hr before- the experiment began,'the
animals were taken off feed and were not fed again until the 48th hour -

of the experiment, when normal feeding resumed,

Experiment IV

Five déys after the completion of the third experiment, one of
the steers died. Consequently, the catheter was removed from the re= .
maining steer. Four weeks later, a new steer ofvcompafablé weight was -
obtained, and-a catheter was again pléced in both animals. - At this
point the steérs were maintained on a 75% concentrate ration; béth re—
ceived feed twice daily. During this expériment, the animéls were bled -

at 3 pm daily for a period of four weeks.

Production of High Insulin Serum

In general, the préceaure of McAtee and Trenkle (1971) was fol-
lowed for the production of high insulin serum. Four crossbred.steers
of comparable Qeights (200 kg) were chésen. All of the sﬁeers had the
jugular previously catheteri%ed.

| To obtéin the high insulin serum, two steers were infused with
- propionate (1 mﬁ/ml) and two with butyrate (1 mM/ml). Before the in-
fusion began, approximately 50 ml of bloéd were taken from each animal

- with a 20-ml syringe. Following this, 40 ml of substrate were infused
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over a 5-min pefiod°  Five.minu§es'pbst iﬁfusion, bloodlﬁéé removed:t.r
from tﬁe catheter With‘a_syringé until ciot£;ng within the catheterrd;—'
curred, Each syringe full of Biood was poﬁréd into a separate 50-ml
nalgene.centrifuge tube, A totaliéf approximateiy,SOO ﬁl'of blood waé k
taken from each steer, . | “

The blood was allowed to clot for 24 hr at 4 C and then centrf—
fuged at i0,000 rpm for 10 min; _Ihe‘serum.wés extracted, pooled, and
frozen. Table 1 shows the scheme fér the collection ofibioo& and how

the serum was pooled for each steer,

Production of Tnsulin Frée Serum

An alloxan diabetic sheep was prodﬁcedrbf injecﬁing intrave-
nously 40 mg of alloxan/kg body weight in g-yearling ewé-laﬁb (Reid'and
Hinks 19635; The-alloxan was dissolﬁed in'Zp ml of étefilé watef and
injecéed into the jugular over a period of é to 3 min,

‘The injected sheep was observed daily for any abnormal condi-
tions, On the 7th day post injectiqn,.laboréd,respiration and é general
lack of alertness was noticed, CoﬁSequently,'7OO ml of blood were
taken by jugular puncture., On.the 8th day post injectidﬁ, the animal
was down and nearly dead, Again, 700 ml of blood was taken. The sheép :
died less than 5 hr after the second bleeding,

| ~ ‘The blood from both aays.Was stored,at 4'C for 24 hr to allow:
ciotting. It was then centrifuged.at I0,00Q.rpmvfor'ldvmin and the’

serum was extracted and frozen,



22

Tabié 1, Protocol for the-collectibn of high_insulin.éérum;

Propionate infusion

Butyrate infusion

Animal 1

Tube no,
*1. preinfusion
2 preinfusion
5 min infusion period
*3A'9,5 min post infusion
4 12 min post infusion
*5 13 min post infusién
§ 14 min post infusion
7 15 min posf infusion
8 15,5 min post infusion
%9 16 min post infusion

- 10 19 min post infusion

AnimalVZ
*1 preinfusion
2 preinfusion
5 min infusion period
*3 8.5 min post infusion
4 14 min post infusion
#5" 15 min post infusion

6 17 min post infusion

 Animal 3
Tube no.
¥1 -preinfusion .
2_3§reinfdsion '
5 min infusioﬁ period
*¥3 9.5 min post -infusion
4 'lzfmin post infuéion
*5 l3_min post infusion
6 -14 min post infﬁsion

7 15 min post infusion

Animél’4~
*1 préinfuéion
2 preinfusion
5 min infusion period
*#3 8 min post infusion
4 10 ﬁin post infusion

*5 12 min post infusion

: .6 13 min post infusion

* The serum in the tube with the asterisk (*) was pooled with the serum
from the tube(s) 1mmed1ately below without an asterisk,
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Chemical Anaiyées

Preparation of Reagents for Radio-
immunoassay. of Bovine Insulin

Unless otherwise étated, all reagents were stored at 4 C in
capped ﬁalgene bottles, fhe chgrcoal solution was made frésﬁ every
' three days or when needed.r The other_reagents'weré.made only when
needed,

pH 2,5 Distilled Water., Five hundred ml of water were broughf

to a pH of 2,5 by adding 10 N HCl, The solution was stored at room
temperature,

pH 8.6 Buffer. [Barbitol buffers and charcoal soiution accord-

ing to the proce&ure of A, Trenklg (Dept., of Animal Science, Iowa State
University, persoﬁal communicafion, 19723 1]
1. Add 2.76 g‘of diethyl barbituric acid, 15,40 g of sodium
diethyl barbiturate, and 650 ml of distilled water to a 1000-ml beaker
2,. Add 75 mg of Merthiolate and'13.96,g of disodium EDTA
3, Stir on magnetic stirrer and aéjuét the pH to 8.6 with .
-45% NaOH (a higher'pH may be required to get the EDTA inté solution.
if so, bring ﬁhe.pH back tb 8.6 with 10 N HC1) |
‘4, Bring the solution to a final volume of 750 ml with ais—
tilled water énd storé

Protein Buffer. Ten ml of normal guinea pig serum was added

to 990 ml of the pH 8.6 buffer and mixed well.

Stock A Insulin Solution,

‘1, Add exactly 10 mg of bovine crystalliné_insulin (Sigma

Chemical Company, St. Louis, Mo.) into a 10-ml volumetric flask
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ZoeriSSoivéVWithiZ to 3 ml of ﬁH'Z.S Wétép
3. Bring to a final Volﬁme of 10 ml with protein‘Buffer
4, Final concentration is 1 mg/ml |
5. . Divide between two polyétyréne tubes;.cap and sfbre

Stock B Insulin Solution.

1. Ten ul of stock A insulin solution diluted to 10 ml with
protein buffer
2, Divide between two polystyrene tubes; cap and store

pH 7.4 Buffer,

1, Add 1.47 g of sodium bargitol,.0.97'g‘of sodium acetate,
and 7.65 g of sodium chloride to a lOOO;ml beékef Qith 900 ml of dis-.
‘tilled water |

2,'VStir on magnetic stirrer and.adjust pH‘to 7.4 Wiﬁh_lO N HCL

3. Bring toﬁé final volume of 1000 mi Witﬁ diétilled ﬁater and
store at room temperature |

Charcoal Solution,

1. Add 7.5 g of Norite-A charcoal (Amend Drug and Chemical Co.,
Inc,, New York, N.Y.), 0.75 g of dextran T-80 (Pharmacia Fine Chemicals,
Piséataway, N.J,), énd 3 g bovine serum alBﬁmin V fraction to a 100~-ml -
beaker A |

2. Add 100 ml of pH 7.4 buffer

3. Stir on magnetic stirrer until the charcoal is suspended in
the solution

4, Store in a parafilm-covered beaker'atﬂﬁ C

7/
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" 0,5 M Sodium Phosphate Buffer’(MOnoBasic);v [Phosphate buffers

aécording to the method of Niswender et al. (1969)]

1, Weigh 69,005 g of sodium phosphate monobasic (NaH2P04°H 0)

2
2. Transfer to a1 L volumetric flask and add approximately
- 500 ml of distilled waterA

3. Place on magnetic stirrer until completely dissolved

4, -Bring to a final‘volﬁme4of 1000 ml with'distilled water
and store | |

0.5 M Sodium Phosphate Buffer (Diabasic).

1. Weigh exactly 70,98‘g of sodium phosphate diabasic_(NaZHPOé)
.2, Transfer to a 1 L volumetric flask and add app¥oximately
500 ml of lukewarm'waterb
3. Place on magnetic stirrer until completely dissolved:
(A solid cakg will form which takes time to dissolve,)

4, When the soluﬁion is at room temperature, bring to a final

volume of 1000 ml with distilled water ‘and store

0.5 M Buffer. Add the monobasic solution to the desired volume .
of diabasic solution until the pH reaches 7.5 (therquantities in ques-
tion_dépend entirely on the volume of desired 0,5 M buffer); add 0.1 g

of Merthiolate per 100 ml of buffer and store

- 0.05 M Buffer., Dilute the 0.5 M buffer 1:10 with distillédﬁ

water

. Column Preparation

The column was constructed from a 10-ml disposable polystyrene

pipette, which was shortened by removing the portion .above the zero ml
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mark. A small, glass-wool plug was inserted into the delivery end, and
a suitable stopcock was made by fitting the delivery end with a 5-cm
piece of rubber tubing and closing with a clamp,

Ten to 15 g of Sephadex #G-10-120 (Sigma Chemical Company, St.
Louis, Mo,) was mixed with 40 to 45 ml of 0.05 M buffer. The mixture
was slurried gently but thoroughly and allowed to set overnight at 4 C,
After 15 hr at 4 C, the mixture was reslurried and evacuated with 75
additional ml of 0.05 M buffer and 5 ml of 1% egg white, The three
solutions were evacuated for a minimum of one hour,

Followiné evacuation, approximately two-thirds of the buffer
above the Sephadex was aspirated off and discarded. Before pouring the
Sephadex, the column was prepared by placing 4 to 5 ml of 0,05 M buffer
in the closed column, opening the clamp and allowing 2 to 3 ml to drain
out, The column was closed, the Sephadex gently reslurried, and enough
was poured to give a final packed length of 10 to 12 em, When the
Sephadex had begun to settle, the clamp was opened and 20 to 30 ml of
evacuated 0,05 M buffer was passed through the settling bed, When the
last of the buffer was about to flow into the Sephadex, 1 ml of the 1%
egg white was added to the column, After the egg white had nearly
passed into the bed, an additional 10 to 15 ml of 0.05 M buffer was
added. The column was closed and considered ready for use when 0,5 ml

of the buffer remained above the Sephadex bed,

Iodination of Insulin

The conical 0.5-ml iodine shipment vial containing 1 mCi 1311

(Industrial Nuclear, St, Louis, Mo.) served as the reaction vial,
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Fifty nul of 0,5 M buffer, followed by 2 ul of stock A insulin were
transferred to the vial., Immediately following, 25 ul of chloramine T
(6 mg/10 m1 0,05 M buffer) were delivered to the vial and allowed to
react for one minute, During the reaction time, the vial was tilted
from side to side to mix the reactants, The reaction was stopped by
adding 50 ul of sodium metabisulfite (18 mg/10 ml 0,05 M buffer). The
contents of the vial were then transferred to the previously prepared
column with a transfer pipette that had been coated with 1% egg white
solution., When the contents from the reaction vial had passed into the
Sephadex, the column was filled with the evacuated 0,05 M buffer, and
0.5-ml aliquots of eluate were collected in disposable polystyrene tubes
containing 0.5 ml of protein buffer,

As each 0.5 ml aliquot was eluted from the column, it was
counted for 0.5 min, and the first tube on the descending side of the
first peak was selected for the assay (Figure 1). This tube was usually
number 5, 6, or 7, depending on the column length, The contents of the
selected tube were diluted with sufficient protein buffer to give a
final dilution containing 20,000 to 30,000 cpm/100 ul, The diluted

1311 was stored in nalgene bottles at 4 C until needed,

First Antibody Titration

One ml of antibody to bovine insulin produced in guinea pigs
was purchased from Miles Laboratories, Inc,, Kankakee, Illinois,
The entire one ml was diluted to 100 ml with pH 8.6 buffer, divided

into 5-ml aliquots, and frozen.
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The dilutions of the first antibody for the'titratibn curve’
were made with protein buffer in 12 mm. x 75 mm polystyrene tubes, ,The-;

following illustration shows schematicaliy how the dilutions were made:.

a. stock antibody 1:100 . e e e e e ;', e b e e ; . 102A

b, 100 ul of 102 plus 900 ul protein buffer . . . .‘.>103

c. 100 nl of 103 plus 900 pl protein buffer . . . ,,.‘104

d. 100 ul of‘loa plus 900 ul protein buffer . . .., . 10°

e. 100 nl of_‘lo5 plus 900 pl protein buffer . . . . . 10°

£, 100 ul of 10° plus 900 ul protein buffer . . . . . 10

The titration:curvé consisted of six points run in tripiicaté, ,The‘
tubes were first numbered, and- the corréét améunts 6f protein buffér;i
first antibody, and 1311 insulin to give a final Volumé of 1 ml were
added (TableAé). The tubgs were mixed and incubéted at 37 C for 2 hf :
after which 1,5 ml of constantly stirred charcoal was added, Aéain'
the tubes were mixed and allowed to incubate at rﬁom’temperature for

i hr,. The tubes were then centrifuged at 4500 rpm for 40 min, and the
‘supernatant was aspirated and diécarded. The tubes were counted for
0.5 min and the titration QUrve.cOnstructed on.semi-log paper, plotting -
‘antibody diiutibn 16garitﬁmi§éily.éﬁdifﬂ;wéé¥ééﬁf binding linearly
V(Figure 2). The dilution-th;£—b§und apprdxim;tely 50% of the;;3lI in-
sulinh. was chosen for fhe aésay. A titraﬁion curve was run after every
. iodination to check the antibody dilution., Table 2 shows the protocol

used for the first antibody titration assay, and the formula needed. for

calculations is as follows:



Table 2. Protocol for first antibody titration.

30

First antibody

131

I Insuiin

- ul Protein

Tube mo. dilution 200 al sl buffer
1 102 V200 600
2 102 200 600
3 10% 200 © 500 .
4 103 200 600
5 10 200 600
6 10% 200 600
e 1% 200 600
8 10* 200 600
9 10% 200 600
10 10° 200 600
11 10° 200 600
12 10° 200 600
13 10° 200 600
14 10° 200 - 600
15 10° 1200 600
16 107 200 600
17 10 200 600
18 10’ 200 600
Total éount 0 200 800

tubes (5)
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Figure 2, First antibody titration curve for antibovine insulin.
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(total counts - charcoal BOund'cQunts)
. total counts

% Binding . =

Insulin Dilutions for Standard Curve

Ihe insulin standards for fhe.standérd curve were made from the
A.stock B insulin solution. The standérds Wefe maée in ld-@l Volumetriét
flasks cdntaining 5 ml of protein buffer, 'The ne;essary volume of
stock B insulin solution was added, and the flask broﬁghtfto volume
with protein buffer following the protécol‘of Table 3. The étandards_

were then transferfed into polystyrene tubes, capped, and stored at 4 C,

Protocol for the Insulin Radioimmuncassay

The procedure for the radioimmunoassayrgenerallyvfbllows that
of Yallow and Bersonv(1964). A sample protocol-sheet is shown in Table
4, All tubes (IO mm x 75 mm disposable polystyrene) had a final volume
of 1 ml making the dilutions of first antibody épd'lBll insulin the
same throughout the assay,

The tubes were first numbered and the correct amouﬁtiof protein
" buffer Waé added, After the addition 5f‘the standards or unknowns and
first antibody, the fubes were mixed gently to.avoid foaming and incu-

1311 insulin was added foliowing the

.baﬁed aﬁ 4 C for 5 days., The
first incubation, and again the tﬁbeérwere mixed and incubated at 4 C
for 48 hr. Following the second incubation, 1.5 ml of éonstaﬁtly
stirred charcoal. solution were added, and the tubes were mixed and in-

cubated at 4 C for 2 hr, The tubes were centrifuged at 4500 rpm for 40

min, and the supernatant was aspirated off and discarded,
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Table 3, Standard insulin dilufions°

Desired ng of insulin/ Volume of stock B insﬁlin

100 ul
0,05% : - 5.0 ul
0.10% S 10.0 nl
0.20% | , ‘ 20,0 ul
0.30 , ' . 30,0 m1
0.40% o - 40,0 01
0.60¢ | | 600 ul
1.0% | . | | 100.0 ul
2.0%  200.0 ul

2.5 ' ‘ . | ©250,0 ul
4. 0% . 400,0 ul
9.0 - 1 900.0 xnl

10, 0% . E . 1.0ml
25.0 | o . 25m
30.0¢ | o 30 nl |

40,0 | o 4.0 ml

50. 0% | ' - , 5.0 ml

Indicates those solutions actually used in the standard curve,
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Table 4., Protocol for radioimmunoassay of bovine insulin,

1l of unk, : 131
Tube no or al First ul Il Protein
T conc, of std, antibody insulin buffer
’ (ng/100 1) ' : : : '
Tubes with 250 ul 200 200 350
unknown o , - v i
Control ’ e o
tubes (8) 0 200.._, 200 , 600
Total count : ’ :
tubes (5). 0 o o .. 200 800
Standard
curve
tubes
1, 0.05 200 _ 200 500
2, 0.05 200 200 : - 500
3. 0.1 200 200 500
4, 0.1 200 200 , 500
5. 0.2. 200 200 - _ 500
6. 0.2 200 200 500
7. 0.4 200 200 500
8. 0.4 200 o 200 500
9. 0.6 200 200 500
10, 0.6 200 A 200 . ~ 500
11, 1,0 200 200 500
12, 1.0 200 200 - - 500
-13, 2,0 200 200 . . 500
14, 2,0 200 200 500,
15, 4,0 200 ' 200 - . 500
16, 4,0 200 200 . 500
17, 10.0 200 200 500
18, 10.0 200 200 ' 500
19, 30.0 200 200 500
20, 30,0 200 200. - 500
21, 50,0 200 200 500
50,0 200 200 500

22,
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Aftef the staﬁdérds hadvbeen counted, a standard cﬁrﬁe was éon;
structed on’fbur—cYclg sémilog paper (Figure 3). ‘Ihe standérd concen—},
tration§ were plotted logarithmically aﬁd the percent binding linearljgv
From the resuiting cu?ﬁe, the concentrétions of the unknowns were de- f

termined. Formulae for the calculations were as follows:

% Binding in _ (total counts-control counts)
control N - total counts

x 100

% Binding in standards or unknowns =

(total counts-control counts)-(unknown or standard coﬁnts) -
total counts - control counts

‘Serum Lipid Extraction

Total serum lipid was extracted using the method of Folch, Lees,
and Sloane Stanley (1957);:‘Two ml éliqubts of serum were extracted in
duplicate WithAchloroform—methanol (2:1 v/v) and the weight of the lipid
was.obtained £ollowing evaporation of-thersolvent and drying of the
1lipid under vacuum at 50 C for 12 to 14 h£,

Competitive Protein Binding Method
for Bovine Serum Cortisol

‘The following cortisol assay generally folibws the procedure of
Murphy (1967) with modifications by G, Stott (Dept, of Dairy Science,

The University of Arizona, personal commﬁnication, 1972).
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Figure 3. Standard curve for the radioimmunoassay of bovine insulin,
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Corﬁicostéroid BindingaGlobuliﬁ (CBG), ,

1. ,Pla;e 0;25fmCi'of Corticosterone (NeW}Ehgland Nuc1ear Cor—
poration, Boston, Massi) into -a 25-ml volﬁmetfic flaék,'fiil‘to volume
With-abéolute ethanol, and store in individual glgss vials (0.5 ml/Viai)
: at.-ZOiC— |

2., Place 5 uCi Corticosterone—l,Z-H3 (l-vial) in a 100-ml
volumetric flask | |

3. Add 75 ml PQ oFO, oHPO,

4 buffer (0.1 M KH_PO, and K, HPO, in distilled

4, Add 2.5 ml dog serum (frozen and stored in 2,5-ml aliquots)
5., Fill to volume with Pd4 buffer and store at & C in a dark
glass bottle

Cortisol Assay,

1. Pipette 50 nl of serum into a 12-ml conical éentrifuge tube

2, Aad 500 ul of ethanol and mix for 307sec

39‘ Céntrifuge at 2000 RPM for 15 .min

4, With a disposable pipette extract the éthanélvand.transfer
to a 15 x 85 mm cultﬁre tube |

5. Répéat the ethanql extractionv(tﬁbes may be covered and -
temporarily stored at 4 C at this time if necessary) |

6.  EvapQrate to»drynéss.undef N2 at 40 to SOIC

7. Add 1 ml cold CBG (in ice bath) to each culture tube; shake
each tﬁbe férklO sec and incubate at 45 C for 5 ﬁin

8. Cool in ice bath for'lO min -
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YQ,A Using'a‘premeaéured'pléétié spépn, add approkimately 40 ﬁg'_
of Florisil (60/100 me;h,vFloridin Company, Tallahassee, Flofida) to
the tube and shake for 15 sec; wait 15 sec and add Eiorisiljto fhe next
- sample, repeating this proéedure until all sémples afe'finisﬁed,

10, At the same time that Florisil ‘is beingiadded.to the fifth
sample, anoﬁher ﬁerson should fraﬁéfer 500 ul of the CBG mixture,
avoiding any Elorisil, to a vial containing 10 ml of scintillation
fluid,

11, Keeping 3 samplés aparf, the two people repeat thié procef>>
dure until all samples.have been exposed to Florisil for 2 min 30 sec, -
and 500 ul of CBG taken off,

12. Count each vial and compare to O, 0;5; 1, 2, 3, 4, 5, 6, 8,

" and 10 ng,

Scintillation Fluid

1, Place 0.3 g of POPOP (Mathéson,,Coleman,'and'Bell, Norwood;
© Ohio), and 5.0 of PPO (MC&B) in a l-liter flask.

2. Fill to volﬁme with toluene and mix well, .
| 3. Add 100 ml of BIO-SOLV (Beckman Iﬁstruments, Fullerton;

Calif,) and store in a dark bottle,

Statistical Procedure

Simple correlation coefficients were calculated using the method .

of Steel and Torrie (1960),



CHAPTER IV
RESULTS AND DISCUSSION

General

‘The serum cortisol and lipid data from Experiments I, II, III,
and IV as well as the sefum insuliﬁ and lipid data from the infusion of’
propionate and butyrate are presented and discuésed in this chapter,
In addition to the presentation of numerical data, the problemsrencoun—
tered with the development of the insulin assay and their solutions are
discussed in detail, In view of the fac£ thét radioiﬁmunoéssay of
bovine insulin is relatively new, it is‘hoped‘that.this work ﬁill be of
considerable aid to other researchers in adapting the insulin radio—

immunoassay to. their laboratories and specific needs,

Radioimmunoassay of Bovine Insulin

Iodination of Bovine Insulin. The propef iodination of the
hofmone was one of the most critical aépects_of the assay. Yallow and-
Berson (1964) stated that the labeled insulin should be prepared at the
highest possible specific activitj gonsisfent with the maintenance of
the molecule,

| After several less than'saﬁisfactbry iodinations of inéulin,
'following the procedure of Greenwdod, Hunfer, and Glover (1963), it be-
came ;pparent that the concentration of chloramine T ﬁsed in the reac-
fion_ﬁas not giving a suitable antigen. YallowAandrBerson (1964) used
* 10 to 20 ul of a 35 mg/100 él solution, while Greenwood et al, (1963)

39
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suggested the use of 24 ul of a 40 mg/10 ml solution. The two afore-~
mentioned concentrations, at their extremes, differ by as much as 50 ug
of chloramine T actually delivered, However, the quantity of 1311 used
by these researchers was similar,

By varying the amount of chloramine T in the iodination re-
action, the responses obtained with the standard curve varied, After
using the published concentrations and obtaining standard curves with
various slopes and sensitivities, which could not be repeated, the con-
centration of chloramine T was varied from as much as 20 mg/10 ml to as
little as 2 mg/10 ml, Again, unusable standard curves resulted from
the extreme concentrations because of the production of unsuitable la-
beled antigen. At the higher concentration, the integrity of the mole-
cule was most likely altered due to over-oxidation, while at the low
concentrations there was little oxidation of the tyrosine residues re-
sulting in a low specific activity. It was therefore determined,
through trial and error, that 25 ul of a 6 mg/10 ml solution of chlo-
ramine T was the most desirable concentration to use, Using this con-
centration of chloramine T resulted in the production of a labeled
antigen which could be used in developing a standard curve with a steep
slope, a less than one ng insulin sensitivity (Figure 3), and a spe-
cific activity of approximately 175 uCi/ng insulin,

Although the concentration of chloramine Twas found to be a
critical factor in the iodination procedure, the concentration of so-
dium metabisulfite was not nearly as critical, The concentration of
sodium metabisulfite used (18 mg/10 ml) was very similar to that used

by Greenwood et al, (1963) and Yallow and Berson (1964),
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The iodine was specifically purchased in 1-mCi quantities in
0.5-ml conical vials., Further the iodine was shipped in a minimum vol-
ume with an activity of between 500 and 600 mCi/ml. The conical vial
was used as the reaction vial, eliminating the need to transfer the io-
dine, thus preventing the evaporation of the iodine solvent that oc-
curred when attempts were made to transfer the iodine to a polystyrene
reaction vial, After preparation, the labeled antigen was diluted with
protein buffer to a volume giving approximately 30,000 cpm/100 ul,
However, it should be noted that a dilutign of the labeled antigen, giv-
ing 25 times fewer cpm/100 _ul, did not alter the sensitivity of the
standard curve or first antibody required to give approximately 607%
binding.

The described modifications of the iodination procedure worked
well in this laboratory but it must be emphasized that in another loca-
tion these changes may not be desirable. Moreover, before the assay
can be developed further the iodination procedure must yield an anti-
gen which will give repeatable data,

First Antibody, A working first antibody of 1:5000, which

bound approximately 60% of the labeled antigen, was selected for use in
the assay (Figure 2). A, Trenkle (Dept, of Animal Science, Iowa State
University, 1972), also using antibovine insulin produced in guinea
pigs (purchased from the same source), reported a working dilution of
1:7000 which bound 50% of the labeled antigen. The working dilution
used and that used by A, Trenkle were very similar, indicating that

the antibody was responding to a similar degree in both assays, Since
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the;first antibody dilutioﬁs were aliké:in both‘éééay;,Vthis indicated |
that the labeled antigens.éf both aSsays—must have been.COmﬁarable;

| The énfibod& was storeé atA+20.C in 5-ml éiiquots at é dilution
of'l,:100° These diiutions were thawed and refrozeﬁ only oncé° The
4w0fking dilution Was.stored at 4 C for as manyrés three Weeks'with no

apparent adverse effects on the assay,'

Insulin Standards and Standard.Curvé. .The pH of the standérdsV
was found to be an important factor in the sensitivity of the assay.
Ofiginally the.sfandards were made Witﬁ pH 2.5 water which resulted in
nbnsenéitive standard cufves, If é minimai amount of pH 2.5 water was
used to'solubilize'the insulin and;brqtein bﬁffgr was used to make the -
dilutions, sensitive and fepeatable standard‘curves were obféined.

The inéulin standards stored at 4 C Weré‘held as long as’ five
monfhs with no detectable Ioés or changé in the insulin molecule, Pre-
liminary work indicated’thaﬁ if glassitubes were used in ;hé assay the
standard cur&e was less sensifive., This was apparently caused by é
loss of insuiin due to its adsorption to the giass. Yallow énd'Berson
(1964) prepared insulin-stanaards with serum albumin to prevent loss
due to adsorption., Furthermore, Schwarz Mann Co. (1971) recommended the
use of polystyrene tubes when working with insulin because of the 1owr
affinity of insulin for tﬁié material! The lonéevityvof the insulinA
standards Waé apparently due to the protein buffér with which they were
made -and thé polystyrene tubes in which-they were stored°

Originally it was thdught that, in order for the standards to

be comparable with the unknown serum samples, noninsulin serum should



43
fbe addedg Greenwood‘et al, (1963) havé reported alloxanized serum in
the standard curves for insulin, whilé'Yailow and Beréonv(1964)rmake no.
meﬁtion of the use of noninsulin.serﬁﬁ. Consequently, alloxanized
sheep_serumvwas adde& to the standafds; controi tubeé, ;nd total count .
tubes, thus eliminating possible competing factors from the serum and
making thé standards éomparable té the unknowns. However, there was
little or no change in the slope or seﬁéitivity bf the sﬁandard curve‘
when differing amounts éf alléxan serum.were added to the standards so-
lutions, Furthermore, the alloxan serum had no effect on‘tﬁe control
tubes or total count tubes and thus was not used in the assay.

Finally, tﬁe insulin standards required accurate volumetric
handling in’or&er to obtain é true sigmoid;shaped-standard curve, The
insulin standards were made with lambda pipettes to obtain the dééired
'accﬁraCy, The standérds used were convenient to prepare, had a broad
range (0,05 ng to 50.0 ng),'%ére'easily stored for long periods of
time, and mest imporFant could be pfepared to Eave_a concentration that

was very repeatable,

Sample Collection

Heparin was not used to prevent élotting in the polyethylene
catheters‘in the experimental animals. This was déne to a&oid the in-
introduction of ‘excessive quantities of heparin into the blood and mak-
ing it available to react with lipoprotein lipase as ngl,gsxother
enzyﬁes and other metabolic pathways Whiéh are influenced by heparin;
This elimiﬁated any possible alteratibﬁ in the levels of serum insulin

which may have been caused by heparin. Consequently, a 2,5% solution
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‘of sodium.citrate was used as an anticoagulant in thebcatheter's° Fur—
thermofe, the<serum-was-éktracted-énd asséyéﬁ rather than plésma.'
Henderson (1970) réportedfthat serum should-be used when using:the
radioimmunoaéséy to aetermine insulin, This ﬁorker found hepafin to
cross-réact with soﬁe unidéntifiéd féctor in the assay, resulfiﬁg'in

low insulin values,

Loss of Serum Insulin

As mentioned previously, the serum samples were held at &4 C
énd preservea with Merthiolate (1/104, w/v). Furthermore, the sam-
ples were stored for peafly a yéér while the assay was being déveloped°
Once thé assay was working it beqame appafent that the insulin molecule
had been degraded or had undergoné*a structural change because éssen-' |
tiaily no serumrinsulin could be detected in the samples from Experi-
ments I, II, or III and SOZ‘of the samples from Experiment IV, However
the preinfusion serum samples from the sfeers infused with propionate
énd butyraté were stored frozen and did have detectable serum insulin,
indicating that the iosé of insulin was a function of storage tempera-—
ture and not of\the assay.

Henderson (1970) reported that serum should be frozen if analy;
sis for iﬁsulin was not immediate, Furthermore, Haleé and Randle'
(1963) reported that freezing resulted in no 1o$s of insulip'activity,

It was pdssible that the serum insulin levels of the experimen-
tal énimals were less than the éensitivify of the radioimmunoassay.
However, fhe literaturé reviewed (Irenkle'1970b, McAtee and Trenkle

1971) did not indicate that such a problem existed, Furthermore, A,
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Trenkle (Dept. of Animal Science, Iowa State University, personal commun-
ication, 1972) reported that 100 ul of serum was used in the radioim-
munoassay of beef insulin., For this assay, unknowns of 250 ul were
used and no serum insulin was detected, indicating that the serum insu-
lin had been lost, It was therefore reasonable to assume that the
animals from Experiment I, II, III, and IV did have higher serum insu-
lin levels than the results indicated.

It has been established that the animals in Experiment I, II,
III, and IV most likely had higher serum insulin levels than the assay
indicated, Furthermore, it is recognized that serum should be frozen
when stored for long periods of time. However, the question as to why
the serum insulin was lost in the unfrozen samples remains unanswered,.
It was possible that the Merthiolate, used as a preservative, cross-
reacted with some component of the unfrozen serum (possibly the insulin
itself) resulting in nondetectable insulin concentrations, On the
other hand, a proteolytic enzyme system may have remained functional in
the unfrozen serum and over a period of time destroyed the integrity of
the insulin molecule, The long period of time that the samples were
stored could have also been an important factor in the loss of the serum
insulin,

It seems reasonable to assume that the Merthiolate is not a
contributing factor in the insulin loss because Merthiolate was used in
the insulin standards with no apparent adverse effect on the insulin
molecule, Also the length of time in storage is not a plausible ex-

planation for the loss because the insulin standards were stored
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' :ﬁnfrbzen.forvas long as S‘months with no'défectable cﬁénge in the’insﬁ—
' lin mblecule° Thereforé,‘at this time'it:ié reasdnéb;é to assume.that
:some enzyme_system.reﬁained functional in the unfrozen sérum'and dg;
bstroyed the insulin molequle. However béfore this questioﬁ can be.to—.

- tally resolved, more study in this area is needed.

Insulin and Lipid Data

- The high éerum insulin was produéed'to obtainla sampie Which:
cpuld be used routinely in the assay as é qﬁantitative'évaluation‘éf
-the insulin assay., The améunt of insulin in this serum, as judged from
two separate radioimmunoaSsayé and 1ipid'data, is preéented in Tab'leA.S°
Although the absolute values betﬁeen the'twp aséayé.wére.not exéctly
the éame, the detected changes in serum:insulinkcénqentrétion were
definitely similar and of the same magnitude for both assays.- |

The greatést response was seen in the serum from tubes three and

‘four (approximately 10 min poét infusion) for both probionate and bu-
tyrate. Averéging tubes three and»fouf,(Table 5) from.both ass;ys,
Animal I.increased 3.5 ng/mi over the preinfusion insuiin'levels. It
was obsgrved that butyrate‘caused a gréafér'response in serum ihéuliﬁf
thaﬁ did propionate, McAtee and Trenkle (1971) reported that propiéQ
nate increased serum insulin levels to a greater degree than butyrate
(approximatély 3.5 ng/ml), while Horino.ét.al, (1968) and Trenkle .
(1970#), both working with sheep, reported that butyrate-caused'the
greatest responge in serum‘insuliﬁ; Nevertheless, thg insulin vélues
reported by McAtee and Trenkle (1971) throughéﬁt the iﬁfusioﬁ of,bofh

propionate and butyrate and those repo:ted here were very similér.
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Table 5., Effect of propionate and.butyfate infusidnjqn serum insulin,

Propionate infusion

Tube no.a : - . Total

* Butyrate infusion

»tha1 

5,6 2.7 1.5 275

N 402

Aésay I Assay 11 serum ~ Assay ir-;Assay IT serum
lipid - - | lipid
. Animal T | Animal ITI -
1,2 TR LA YEL 2.1 1.5 285
3,4 46 4.6 . 217.5 6.4 7.2 267.5
5,6,7,8 3.4 2.9 230 4.8 3.4 315
9,10 2.1 0.9 265 - - -
" Animal II Animal IV 7
1,2 2.5 1.8 320 1.8 0.6 275,
3,4 3.2 3,9 320 5.8 5.2 300
4.7 310

aPooled serum, Table 1 gives original bleed scheme.

b__ . . g
ng insulin/ml serum.

cmg/lOO ml serum, .
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Differencés in infusion.ratesrand amounts were mosf likely the cause for
~ the apparent discrépancies with éome of ‘the iitefature, V

There were no observed relationships between serumrinsulin and
"total serum lipids when butyraté or propionafe was infused in the cathe-~
terized steers, ,Furthermbre, corfelatibn qoefficients 6etwéen serﬁm
inéulin and total serum 1ip1d were not meaningful (Assay i"rr = -,20,

" Assay II r ='—,10),‘ However thé infusion of propionate and butyrate
in the two crossbred steers and the subsedﬁent rise in serum insulin 
support the premise that lipids and insulin afe in facf related.,
Whether érbpidﬁate and butyrate cénvdirectly étimuléte the B cells»éf,
the pancreas is not known, but the results‘df'fhis infusion-trialrin—:
dicated that this might be possible,

The serum insulin and lipid data Collécted from the alloxan
diabetic sheep lends further sﬁpport to ﬁhe,theory that iﬁsulin.and
lipids are related. Serum collectgd before alioxanAinjection contained
502.5 mé lipid/100 ml.. On the seventh day boét injection, total serum
lipid was 1632.5 mg/100 ml, wﬁile.oﬁ the.éighﬁh day post injection
serum lipid rose to 2445 mg/lOO'm1¢ The serum from the seventh and‘
eighth days post injection contained less than 0,05 ng.ihsulin/hl,
"Although ﬁhe exact relationship betwéen lipid insulin cannot be deter-
mined from this limited study, the evidence suggests that a metaboli; |

relationship. does exist.

Cortisol and Lipid Data

It should be noted that, although the term serum cortisol was

used, the reported cortisol concentrations are actually total
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‘corticoids, Garvernick ef.ai,_(197l),-using the édrtiéoid assay of
Murphy (1967), reported that cortisol was'approximételyr7O%Aof fhe total -
_gorticoid concentration in the serum from,pregﬁant cows, Thg corticoia
assay is nét sensitive enough to detect only cortisol due to small
structural différences in‘ﬁhe corticoid hormqnes. Because cortisol ac-
~counts for the majority of the corticoids in Bovine-éerum;'the term
cortisol was used. This poriion of ﬁhe study Was designed as a prelim-
inary investigation to determiﬁe.whetﬁer totél éerum lipid ieVels may
in part be a function of the level of cifculatiné.éefum-cortisol; Fur--
thermore, it Wasthoughtnecéssary to determine if serum cdftisol or
total serum lipid concentrations Varied,consiétently under conditions
6f normal feed intake., A stérvétion period of 72 hr foilowed by re-
. feeding was used as an exPérimental_means of influencing the. total
serum lipids and serum cortisol., If the 72-hr fast did inflﬁencé serum
lipid or cortisol 1e§els, further éupport might be given to any tfends'
estaBlished under normal feeding conditions. The literature gontaiﬁs
no informétion in these particuiar areas with feferenée to the bovine,
Ekperiments I and II were for 48-hr periods, beginning at 7 am
with normal feeding conditions, The data from Experiment I (Table 6)
and Experiment IT (Table 7) revealed.essentially no trgnds between the
: circulatiﬁg serum‘cortisol and total serum lipid cbﬁcentrations° The
serum from the animals in each experiment varied tremendously in corti-
sol and totél lipid concentration, Furﬁhermore, the levels of these
two serum components often demonstrated changes that were éomplétely

‘opposite, For example, in Experiment I, bleed period 11, Animal I had
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Table 6., Serum lipid and cortisol data by bleed period for Experi-
ment I, ' B :

Animal I - U Animal II

Bleed period? . : |
- Lipid®  Cortisol® ~  Lipid . Cortisol
1 393,5 10,0 453.5 2004
2 .. 3335 20,0 . 4635 22.6
3 5310 4.4 4300  25.1.
4  468,5 18,0 388.5 - 23.6
5 w35 13.4 368.5  18.3
6 431.0 11.8 383.5 28,7
7 490,0 22.2 | 295,@ 15.0
8 ' 467.0 4.7 260.0 9.7
9 © 385,0 6.5 | 293.0 8.4
10 385.0 o4 ases 18.9
11 | 375.0 8.6 4625 20.5
12 355.0 18;5 o 431.0 17.4
13 380.0 8.0 | 441,0 16.9
Mean 418.3 £ 58.4 12.1 % 6.2 - 379.7 £ 72.6 18.8 + 5.7

24 -hr periods (period 1 - 7 .am),
bmg 1ipid/100 ml serum,

c .
ng cortisol/ml serum.
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Table 7, Serum lipid and cortisol data by bleed period for Experi-
: ment II, o : '

Animal I Animal 1T .
Bleed period? = -
Lipid~ - Cortisol” ‘ E Lipid Cortisol

1 2700 7.0 omso 7.

2 | 291.5 8.9 " 328.5 3.3

3 287.5 4,3': 338,00 22,2
4 2875 7.9 3200 3.7

5 293.5 5.9 385.,0 - 10.5

6 280.0 6.2 | 288.5- 464

7 258,5 6,3 ' . 323,5 '16.6

8 282.5 6.7 277.5 26 4

9 273.5 7.6 3150 7.0

10 1310,0 5,9 ©310,0 '7 16,3
11 A 297.5 6.9 3330 - 27.2

12 310.0 6.5 . 305,0 15,0

13- 302.5 13.6 2910 11.6

Mean- 288.0 + 15.3 7.2 + 2.2 - 320.0 + 28.0 16,2 + 11.8

84 -hr periods (period 1 - 7 am),
bmg 1ipid/100 ml serum.

c .
ng cortisol/ml serum,
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375 mg.iipid/lOO*ml serum and 8.6 ng cortisol/mi serum, ﬁﬁile.Aniﬁa; if |
had 462 mg 1ipid/100 ml serum and 20.5 ng cortisol/ml serum, .The"cor—- |
relation coefficients,calculatéd'betweenicortisol and serum lipids were
0.17 (Animal I, Expérimentil), 0.60 (Animal II, Experimént 1), 0.19'
"(Animal I, Experiment II), and -,39 (Animaliil, Experimént II). No
concrete conclusions could be made from either Experiments.I or II be- -
~cause of the tremendous variation of.the.data which was indicated bj
the low correlation éoefficieqts that We;é calculated, |

The two animals in Experiment III were taken off-feed 24 hf be-
fore therexéeriment began and were not refed until the 48th hr (bleed
period 13) of the experiment (Table 8), Both animals had approximately
the same concentration of total serum lipid at the beginning of the ex-
periment (Animal I 342.5 mg/100 ml, Animal,II‘35O ﬁg/lOO ml), Through-
ouf the experiment the two animalsrvafied gfeatly in toﬁal-seruﬁ liﬁid
levels with Animal I reaching a maximum concentration (406.5 mg/100 ml)
during bleed period 6, while Animal II reached a maximum conﬁentration
(490 mg/100 ml) during bleed pefiod 16. Hdweﬁer, at the end of the
48-ﬁr experiment both animals werevagain at similar serumrlipid concen-
trations (Animal I 263.5 ﬁg/lOO,ml and Animal II 275 mg/100 m1). These
data\indicated that both animals, because of the 72-ﬁr starvation peri—
ods, were mobilizing body depot fat férvnecessary energy as e?idenced
by the high serum lipid concentrations, After thevanimals were fed =
(bleea period 13); it took betweeﬁ 12 and 16 hr for the serum'iipid
concentrations to drop, indicating that the depletion of the depot fat

had stopped and the animals were again mobilizing energy from the



Table 8, ‘Serum lipid and cortisol data by bleed period for Experl—

- ment IIT,

- Animal II

o Animal I
Bleed perioda 5 - 7
Lipid ™ Cortisol Lipid Cortisol
1 342.5 4,2 - 350,0 14,0
2 336, 5 11.4 410,0 23.8
3 333.5 8.3 393,5 - 27.6
4 308.5 - 25.1 351,5 15.1"
5 ' 393.5 15.2 371.5 27.6
6 406, 5 11,0 293,0 25.7
7 392.5 17,1 412.5 16.0
8 348,0 15,8 - 4180 39.3
9. 343,0 10.6 348.5 18.8
10 315.0 17.8 413,0 16,2
11 326.0 6.1 373.0 20,2
12 306.0 24,5 468,0 14,2
13 348.5 26.2 417,5 26,2
14 315.0 - 5.6. 410,0- 14,4
15 300.0 41,4 356.5 56,4
16 252.5 9.4 490,0 3.6
17 267.5 23.4 318.5 20,4
18 _ 261,0 5.6 286.5 7.3
19 ~ 263.5 . 16.8- . -275.0 4,8
376.8 + 58.5 20.7 + 12.3

Mean 324.2 £ 44,7 15,5+ 9.4

& -hr periods [(period 1 - 7 am) (off feed 24 hr before period 1, re-

feed period 13 ~ 7 am)].
bmg 1ipid/110 ml serum,

C .
ng cortisol/ml serum.
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ration,’ During_tﬁe 72-hr sgarﬁation period thé~h§meostatis:of;the ru-
men microorganisms most likely suffered‘aqd the‘popﬁiation probablyide—
ciined sha;ply, The long. time period‘(iZ to 16 hr) before the serum -
lipid concentrations felleas moéf likély a‘function of two'tﬁings,- |
First, a certain amount of time was-needed for the rumen microorganisms
td return to arbalanced'condition aﬁd,isecondly, part of the 12 to 16
hr was simply a function of the rate of passage of the feed.

The highest serum cortisol concentrations for both animals was
8 hr (bleed period 15) after the animals were iefed (Animal i 41 ng
cortisol/ml sérum and Animal II 56 ng cortisol/ml éerum)° Ashmore et
al, (1956) reported-high glucose—6—phospﬁate levels in fasted rats, ac-
coﬁpanigd'by an increased serum cortisol concentration. Possibly 8‘h¥
after the animals were réfed, the glucose-6-phosphate levels increasea
aé one éf the first stebs in. the mobiliéation of the nutrients from the
feed, The increased glﬁcose-6—phosphaté possibly‘was the stimulus to
tﬁe adrenal glands causing the increased concentrations in serum corti-
spl, Correlating éerumrcqrtisolAto'total'serum lipids again resulted
in Véried coefficients (Animal I r = -.10, Animal II r = 0,02),

The total serum lipid and coftisol concentrations of tﬁe two
animals bled at 3 pm for 27 conseéutiVe days (Experiment IV) are given
inATable 9. These data did not indiééte any trends which could be es~—
tablished between serum cortisol and total serum lipid, Furthermore,
graphing thé'sefum’cortisol concentrations for both animals (Figure 4)-
révealed a gradual upward trend in cortisol concentrations during the

first 8 days of the experiment, However, as the experiment progressed.
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Table 9.: Serum lipid and cortisol data by. bleed period for Experi- s
ment IV, o _ : . . :

, Animal I ‘ Animal II
Bleed perioda 5 i »
Lipid Cortisol Lipid - . Cortisol
1 337.5 17,9 348.5 3.9
2 405,0 21.4 413.0 . 4.7
3 346.0 12,1 328.5 7,7
4 - 330,0 20.8 . 325.0 4.8
"5 - 292.5 29.3 353.5 3.1
6 313.5 8.0 350.0 5.6
7 295.0 11.3 385.0 4,1
8 312.5 19.1 362.5 15.8
9 343.5 12,6 331.0 7.6
10 ' : 336.5 12.8 361.5 8.4
11 - 298.5 11.7 338.5 11.1
12 - 293.0 13.6 333.0 15.6
13 253,0 8.5 348.5 9.6
14 313.5 7.3 301.0 5.1
15 283.5 6.0 293.0 3.1
16 . 278.5 6.8 298.0 5.3
17 - 288.0 3.7 321.0 7.0
18- 351.5 13.8 351.5 10.0
19 273.5 5.1 297.5 31.9
20 222.5 6.6 - 308.5 13,7
21 221.5 9.0 . 340.0 9.9
22 - 256,0 7.3 288.5 10.6
23 . 338.0 7.6 318.0 10.1
24 290.0 14,6 303.0 | 15.3
25 - 236.0 19.3 322.5 5,8
26 . 310.0 16.8 313.5 19.4
27 306.0 9.5 360.0 5.5
Mean 300.9 £ 41.8 12,3 £ 6,05 333,1 £ 29.5 9.4 £6.2

a3'pm‘for 27 consecutive days,
bmg 1ipid/100 ml serum,

c .
ng cortisol/ml: serum,
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the trend bécameriess appafeﬁt and‘at1the_half—§aj point of the'experi—
" ment the cortisol conéénfﬁafions Were'varying'tremendously,  The varié-
tion might possibly have beeﬁ aue £6>témperature‘of some iyﬁétof_phyéi;
olqgical strgss.; Cor;elatingiserum cortisol'to,total'serum lipids'gave :
gdefficients of 0.35 and.-.32.for Animéls‘I and'II,'respectiééiy. 'It
should be noted that when the total serum lipid and serum cortisol data
from Experiments I, II, aﬁd'iII were graphed in éuéﬁ a manner as to ,
éompare the animals over the three experiments; no meaningful treﬁds
could be gstéblisﬁed, |

Perhaps if there had bé§n mOrejékperimenfal animals, the bleed-
ing periods had Beén'longer;'or the sampleé Héd been taken at another
time of the day,_more meaningful results could have been thained.
Furthermofe, if the serﬁm.lipids‘hadvbeén.fracfionated and qgantifated
" along ﬁifh the corresponding fatty acid composition,.moré'ﬁeaningful

results may have possibly been established between serum cortisol and

the serum lipids,



CHAPTER V
SUMMARY

The objéctives.offtﬁis(reéeafch were tQLaevelop a sensitive -
radioimmunoassay for bovine insﬁlin and to stuay the relatiqnships be--
tween serum insuliﬁ, cortisol, and total serum lipids, Three experi-
ments under normal feeding ;onditiqné and one under starvation condi-
tions were conducted using jugular catheterized crossbred sfeefs, As
an extension éf the research, several steers were infused with either
proﬁionate or butyrate in order to préduce high insulin serum.

After the assay had been developéd, iF became apparent that the
serum insulin had been degraded, and thg data suggested that some en- .’
'z&me éystem had remained functionaliin the°unfroéen‘serum, caUsing the
degradation»of the insulin molecule, |

The results of‘the infusion trial indicated é definite'rela-
tionship between serum iﬁsulin and propionate or butyrate, Although
tﬁere were no meaningful correlations between sefum cortisol and total
lipid, aftér a 72-hr fast there was.a-sizabie increase in serum corti-
sol followed by a decrease in total séfum lipids, These data indi-
cated a possible relationship between éerum_cdrtisol and lipid with a
ipossible involvemeﬁt of glucose—é-phosphate.

| Ffom this limited study, itiﬁés impossible to ﬁgkg-definite
conclusions concerﬁing the relationship of serum cortiéol and insulin
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-to total serum lipid, -However, the'data-indicated a pdssible’relatidn-v
ship between these serum components and certainly this area warrants

further investigation,
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