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T | aBSTRACT .
Experiments were conducted to determine the effect of .
endotoxin induced fever on amino acid metabolism in sheep.
‘In the first éfperiment,sevenAadult wethers were each _
.subjected to two treatments:-ssline and endotoxin (g.‘ggli
serotvbe OSS;BS)ﬂinjection : Endotoxin'injection caused a
fever lasting from 0.75 .to 6. 25 h postinjection with a
maximum temgbrature rise of 2 3°C The plasma
‘?concentration of mos t indiv1dual plasma "amino acids and
'glucose decreased’ (P<o,05) ‘during the fever or shortly :n
thereafter. . Plasma serine concentration showed the mos t
dramatic‘change,wdropping)to 14% of’preinjection vsldes
during fever. The concentration of some amino acids such -
as. glutamate,‘serine, and histidine were still deoresSed
(P(OtOS)‘24.h after fever had abated. Plasma glucose
concentration in the endotoxin treated sheed remained
depressedk(P<0.dS)‘below the concentration in control
animals‘et:55 h postinjection. 'Plasme insulin
.concentration was elevated (P<0.05) in the endotoxin
treated sheep from’ 4‘6,to 13.0 h postinjection. These
changes in plasma concentrations indicated that pere was a -
response to fever in glucose and amino, acid metabolism -in
sheep during and follow1ng endotoxin induced fever, but the
results were inconclusive as to the actual mechanisms

———

involved

——

The second experiment was conducted to determine the

iv ‘ , : . \"3‘



alterations in hepatic matabolism of serine and alanine
which could have led to the changes in their plasma
concentrations observed in the first experiment. Six adult
~ wethers were used in'this experiment with the same
Atreatment protocol as in experiment one. Liver biopSies
. were obtained at six hours postinjection and incubated with
U-14c-alanine or U-14c-serine. The incorporation of
carbon from '4C-alanine into protein increased (P(O 05)
by 72% and into glycogen increased by 325% following
endotoxin treatment. The 1ncorporation of carbon from
14C-serine into CO, increased (P<0.05) by 62%, into
proteinyincreased by 73%:_and into .glycogen increased by
275% in respanse to endotoxin injection

The results of these stodies 1ndicate that sheep alter
amiMo acid metabolism during fever induced By endotoxin and
that these chhnges may not be-compietely analogous to ‘those

observed in monogastric species under similar

circumstances.
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I. INTRODUCTION

Infectious Hiseasq'andétho associated fever have
potentially deterimental effects on protein deposition in
1ivestock. However, few studies have been conducted to
determine the effects of fever and infection on the
metaboliﬁm of agricultural\animaIS. In humans and rodents,
fever and irifection are accompanied by loss of body protein
(Betsel, 1966; Powanda et al., 1972). Following clinical
recovery from disease. recovery of lost body protein 13 not
immediate and may require several weeks. |

A substantial cost of djsease to livestock ﬁ}oduéers is"
the increased time required to raise aniﬁals to market. -
wéjgh{‘due to a slower rate of growth. This portion of
economic loss due to disease is usually not taken into
-account when estimates of the costé‘of animal disease to
“the livestock industry are calculated. Most such estimates
include only calculations of the cost of animal disease
based on th worth of animals which died due to disease and
the cost of veterinary suppljes and labour. A few authors
have accounted for the costs of slower growth rates due to
diseasér but the estimates are not very accurate and the
methods used are not well explained (eg. Muller and Abbott,
1986). The reason for this ommission is that there have
been no experimental studies on the extent of reduced
efficiency of livestock produciigh due to disease of
surviving animals. In the past, a few reports have-

1
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.ﬁpresented tHeoret1cal estimates of the metabol1c cost of

‘dlsease. For example,.Loew (1974) used a value for h
1noreased metabolic rate in. humans due to malar1a and'
'applied this to. cattle based on an estlmate of the number

-of febr1le days in. cattle 1n ‘Canada - per year Through the

use of estimates of d1gest1ble energy requ1rements of

",’cattre and the cost of @ra1n to supply the excess energy

fg@required for ma1ntenance of fever, ‘he determ1ned the
'é‘theoret1pal cost'of fever ‘to cattle in Canada‘ The -
.necess1ty of us1ng these general assumpt1ons and
extrapolations to make an est1mate of the Cost of d1sease
: 1llustrates the need for more in depth studies into the

xconsequences of fever on, the growth of l1vestocK spec1ess

» : . )

PR i oo —
A.. What 1sofever°

Fever has cla531cally been descr1bed as: an elevatlon of

) T

‘an’animal s hypothalam1c temperature set po1nt (D1narello
‘and Wolff, 1982). This means that through behavioural
and/or metabol1c alteratFBQ§ the an1mal will .
-‘_thermoregulate about a. higher body temperature than

F'normal Fever may be produced in the an1mal by many
stimul1, the most common be1ng the invasion of all or part
of the body by m1croorgan1sms, a cond1t10n referred to as | )

'lnfection A”serious" 1nfect1on 1nvolv1ng the whole body, xr
: wh1ch is often fatal,1s called seps1s InJect1on of a

‘ varlety of chemlcals and some bacter1al products wiTl also

‘ causelfever tovdevelop. Whether or not the development of
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l_ muscle prote1n degradat1on and 1ncreased body tempeyature

3

fever in response to 1nfect1on is beneficial to the animal

f is's the subJect of debate The adaptive value to the
' animal of developing fever is dependent on the length and

vaever1ty of the illness and the nutritional state of the

animal, as well as other factors (Dinarello and Wolff,
1982).

When a fever causing stimuluelenters the bOdy."the

—

W,mononuclear”phagocytes become activated by phagocytosis of

the foreign antigen. Once activated, the celngsynthesize
a 15000 dalton protein called interleukin-1. Interleukln:tf
is released into the blood ‘and mediates a large number of}v
host respbnses including incneased leukooyte‘number. -

‘ . /o
decreased plasma iron and zinc concentrations, incveased

L

\’The effect of 1nterleuk1n 1 on body temperatune tﬁ

‘tdependent on prostaglandln format1on in the hypothalamus

- (Dinarello and Wolff, 1982). 4 4000 dalton fragment of

interleukin- -1 which is thought to be a produ t of its

metabollsm will also stimulate muscle prote1n degradation

~ (Loda et al., 1984) A summary of‘the metabollc events_

mediated by‘interleukinal which follow infection are shown

ianigure/I.1.

| B Endotox1ns

Endotox1ns are m1crob1al products which will induce

fever when injected 1nto-an1mals. » Endotoxin injection into o

.

animals is used as an experimental model of infection or

/

£

¢
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sepsis because of .the short-term response it provides

which is not complicated by other facfors‘that may be

present during infection. The effects of endotoxin*

injection are acute when compared w1th infection. A fever

~ which develops follOW1ng infection w1th l1ve organisms may

last days or weeks. In contrast, endotoxin injection will
produce a fever which lasts only a few hours

Gnam negat1ve bacter1a differ from gram p051t1ve
bacteria in the structure %: the cell walltv lhesgram

posit1ve cell wall is only a s1ngle tthK 1aye

peptldoglycan whereas the gram negat1v' lo] wall has
thin layer of pept1doglycan wh1ch 1s covered;w1th an outer
“membrane. The outer membrane is semi perdbable and can be
removed from the cells by extraction w1th phenol/water

-~ (Luderitz et al., 1982). The l1popolysacchar1de from the

. ’- -
outer‘membrane which is’removed by this procedure is the

L\ / ’ 7

endotox1n
It is-difficult to use endotox1n‘to mimic the F‘ger of

infection because the response 1s‘short in durat]on and" “

repeated doses cause the development of tolerance (Cakala,

lQBSaﬁ van-Miert and Frens, 1968; van Miert, 1973; Greisman

et al., 1969), however endotoxin injection will elicit most

of 'the acute phase;responses associated with infection.'
Repeated}injections‘of ehdotoxih within a day cause
progressively shorter>and smaller fever curVes in the
sheep. Cakala (1965a) has shown that three 1nject1ons

wlthin twelve hours will cause complete attenuation of the

N
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febrile response. Simiiarilybhdaiiy injections of
endotoxin into goats'will cause complete absence of the
febri]e reaction within three days (van Miert and Frens,
1968) . Neither of these authors however, examined the
length of time that the observed tolerance was ‘sustaihed.

" Tolerance to the effects of-enootoxin appears to exist
in two phases (Greisman et al., 1969). A single inJection
of endotoxin into rabbits will cause a refractory period
lasting one day. Qn the second day after injection the
endotoxin tolerance is nonapparent.' From the third day on,
however. tolerance to a single injection of endotoxin
reappears.l The‘pers1stence of this second phase of
tolerance is not known' The tolerance'dUring the first day
is not spe01fic to the SpeCies of origin of endotoxin and
it is not aSSOCiated with a high antibody titer. The later
itoierance which is developed is very species-specific and
" is associated with the development of an antibody titer /

specific for the endotoxin used. ' | . 7/Z

C. Infection and Nitrogen Balance ' /
One of the most simply measured parameters of protein

metaboiism in the whole animal is nitrogen balance. In the

normal growing animalfnitrogen balance is positive, ie.

intake is greater than excretion: In the healthy adult,

‘ nitrogen‘baiance is‘approXimateiy zero Negative nitrogen

balance has been shown to occur in adult human subjects,

‘foiiow1ng the appearance of clinical symptoms of infection



(Beisel, 1956). The daily balance retu:hs to normal at the
time of or shortly after the remission of fever. The total
nitrogen loss - is not recoveree} however. until long into -
convalescence.(Beisel 1966; [Beisel et al 1967) and
reachsla maximum only after clinical symptoms~are‘no}longer
‘ apparent‘ lhe length-of time required for the‘complete
" recovery of lost body nitrogen depends on many factors such
‘as. the type of infectious agent and the length of illness
(Beisel, 1966). :
- The negative nitrogen balance observed in”lqyected ’

"I‘f AN

humans is at least partially due to reducedidietary protein

. ﬂ“

intake resulting from anorexia Belsel (1966) in a

vpair feeding trial of healthy men and subJects with
experimentally 1nduced tularemia, "showed tha\\{he negative
nitrogen balance in response to reduced feed 1ntaKe\wa§_of .
smaller magnitude and shorter duration than that‘induced\Ey
tularemia. In these balance studies, total fecat nitrogen
excretion was_not reduced. In a similar&study. Beisel et

al. (1967) 1nterpreted this finding to mean that there was

‘no 1mpa1rment of intestinal absorption during infection
.However, if this were the case, there should have been a
lower total fecal nitrogen excretion, as’ less nitrogen was~
being'ingested Similarily, Powanda et al. (1972) observed
a significant increase in nitrogen excretion in septic rats
when" compared to their growing pair- fed controls) ‘The
‘nitrogen balance however faidled to_become‘negative‘in these

animals. The supply'of’exogenous sUbstratés for the body



o _ 7.
must be an lmportant component”of negative nltrOQen balance

as parenteral feeding will reverse jt in septic patients

(Leverve. et al. 1984)
Negatlve nitrogen balance may be due to a dlrect effect

of the higher body-temperature associated with fever; a

, hypotnesls»whicn is supported by the coincident timing of

the onset of the negative nitrogen balance and fever.

Beisel et al (1968) subJected healthy volunteers to a

period of environmentally 1nduced hyperthermla whlch

m1m1cked the rectal temperature response durlng acute

”tularem1a " The pattern of cummulative nitrogen loss was

~similar in shape to that of the diseased state, but of(

smaller magnitude and shorter duration— o
~These observations suggest that a major portion of the
13* of body nitrog‘en"measured during infection i‘s-‘due'to a
combination of reduced voluntary feed intake and high body :

temperature. These two components are not mutually
exclusive because h1gher temperature alone tends to cause
anorexia (Be1sel et al 1968). Other factors, such as, "
glucocorticoid levels and antibiotics have been-
1nvest1gated to determine their roles in the deve lopment of

negat1ve n1trogen balance during fever. Administration of

- glucocorticoids to mimic the plasma concentration_pattern

in people with tularemia,‘to healthy adult humans failed tou

' cause‘negatlée nltrogen balance (Beisel, 1966) .

Similarily, antibiotic therapy did not alter the nature of

negative nitrogen balance observed during tularemia or Q
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fever in human subjects (Beisel, 1966). It is possible |
that changes in the concentrations of\pther hormones such
as, growth hormone and thyroid hormones may be partially
responsible for negative nitrogen balance during infection,
‘however. hormone concentrations may be also-directly
affected by anorexiafand hyper thermia. | “ i

v (Some~shortfterm models'of.infection do not cause
‘negative nitrogen balance. Vaccination/of adult human
subjects to typhoid- cholera did not cause £creased
‘nitrogen excretion in the study of Garlick et al. (1980) in
sUbjects which were fed normally to preclude the anorectic
response to infection Infusion of ‘interleukin-1 into ‘
fasted rats for 24 h also failed to incnease urinary
nitrogen excretion (Yang et al., 1983) ”Thus, it appears
that short term feveriu'nﬁld infection does not cause
negative nitrogen. balﬁhce regardless of the immediate
nutritional status.- Even though short-term infection .
models do not cause negative nitrogen balance, they do

'elicit more spec1f1c changes in nitrogen metabolism which

‘are associated with infection. Lo

D. Infection and Protein Turnover

‘The interpretation of whole body protein turnover
"measurementsfis.plagued by the same problems as nitrogen
balance measureMents‘ ‘The measurement of total protein
synthesis and degradation in the body does not 1ndicate

which organs are involved, as the total rates observed are

Py

‘



a composite of the rates of these two processes in each
-organ. 'Infectibn genergtly causes ‘increased whole body
protein turnover. Increased proteih synthesis and
'degradatioﬁ have been shown to occur during short term

infection fdllowing vaccination (Garlick et al., 1980) as
"well~as du@ing sepsis (Long et al., 1977). Whole body
Srotgintéynthesis and degradation have also been shown to-
be increased following 4 h of endotoxin or interleukin-1
~infusion. in the guinea. pig (Sobrado ei al., 1983). These
effects were not altered by the administration of“g
"ibuprofen, an inhibitor of prostaglandin synthesis. In
contrast, Yang et al. (1983) reported no change 1n"whdle'
body brotein syntheé?g in rats during a 24 h infusion of
interleukin-1.\“The reason.for this discrepancy could be a
species difference or a'difference in the ‘time of exposure
of the_ahimal to the treatment. The fact that different
labelled amino acids were used to measure protein turnover
is also an important difference'betwéeﬁ these studies
‘béecause there may be differential tu?no&ér rates of
indiviaual proteins containing substantial amounts of one
of these amino acids. |

'Skeletal muscle 55 a likely site for the increase in

protein degradation 6bséryed'during fevér as ft)bontains 0
. the largest pool of protein in the Qédy which is heasbnably
dispensable in the §hort-term.;viust (1966) examined net

|

protein synthesis in'a variety of tissues during both

bacterial and viral infections in mice. The livér and
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small intestine showed increesed“protein synthesis during
bactertal infection and an initial decline followed by an
| increase‘duning viral infection. More reliable methods
have.been developeo since the time this study was
conducted. For. exampie,‘Fern et al. (1985) have also found
decreased muscle protein synthesis and increased liver
protein'synthesis during malaria in rats. Although urinary
NYmethyihistidine excretion has been shown to'be'a poor '
quantitative indicator of skeletal muscle protein
degradation, it is still a useﬁwﬂ qualitative indicator.
Long et al. (1981} found that thbfhyihistldIHe excretion
increased in septic humans indicating that myofibrillar
protein degradation was increased in these ind1v1duels.

Net muscle protein dé&radation has also been demonstrsted
to increase\in incubated. muscle from septic humans
(Rosenblatt et al., 1983). Pedersen et al. (1986) measured
protein metabolism in incubated(lyver slices from septic
rats-and reported increased rate of synthesis with no
change in the rate of degradation.w _
Interleukin-1 has been shown to enhance the rate of
protein degradation in muscle, in;eddition to its effect on
body temperature (Baracos et al., 1983). The effect
appears to be prostaglandin Ep mediated. This |
observation does not fully agree with the results of
‘.Sobnedo et al. (1983) regarding whoie‘body protein
degredation; Possibly the dose of -ibuprofen administered
to the animals in the study of Sobrado .etXai. (1983) may
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not have been sufficient to affect muscle prosl-

.production and hence the effect of 1nterleukin;1 on muscle .

amino acids during infection. Total plasma amino acid
concentration 1s depressed during infection in humans
(Clowes et al., 1980). The alterations i the levels bf
~imdividual amino acids are somewhat different fromlthose'
observed to arise directly due to fastingﬁJand therefore,

. may be a direct consequence of the fever response. The - _—
plasma concentration of an¥~indiv1dual amino acid is the

net result &f its rates of entry and ex{t from body“
tissues. The fate of the émino acids in the tissues varies -
with the type of tfssue: Am1no acids may be oxid1zed to
carbon dioxide and ammon1a, 1ncorporated into: t1ssue
Qprote1n converted to glucose or fatty acids, or converted
{‘to spec1al1zed n1trogen conta1n1ng compounds such as,
Vcreatlne and creatinine. Studles on amino acid metabol1sm
of humans,and animals in response to o fever and infection
have taken three forms: measurements of plesma and muscle
concentrations (Askanazi et al., 1980); arterial-venous
concentration difference measurements across varfous organs -
(Clowes et al., 1980; Lindberg and Clowes, 1981); and whole

body turnover kinetics and oxidation of individual amino



acids (Long et al. 1976) s
Most studies ﬁ.alinq with the response of amino ac}d
metabolism to fever have dealt with septic or ,
. experimentally infected humanﬂgatients. The plasmal
concentrations of many amino acids decrease during .
infection or sepsis. The branched chain amino acids, in
particular leucine, have beenlimpiiceted to have regulatory
effects on protein metabolism in 1g‘¥11;g studies (f;echler
et‘al., 1982). Thus, changes in the plasma levels of these
amino acids may influence protein netéboliem in the tissues
of diseased animals. ;The results of studies vary,\but in
general the plaema concentrations of_thé oranched chain
amino acids are decreased (Wannemacher et al., 1972a;
Wannemacher et al., 1972b; Wannemacher et al., 1971).
Askanazi et al. (1980) however, found no change in plasma
levels. of branched chain amino acids in septio patients,
'although the free concentrations in ske]etai muscle were
increased. Similariiy. Rosenblatt et al. (1983) ‘found no
difference in plasma branched chain amino acid
concentrations between septic and fasted normal subjects
The concentrations.of non-branched chain amino ac1ds
neve also been demonstrated to chenge during sebsis, but
the results are not consistent'betreen studies. ‘Rosenblatt
et al. (1983) only found increases in plasma concentrations
of phenylalanine methioniﬁ§°3nd glycine; while Wannemacher

et al. (1971) found decreased concentrations of alanine,

glutamine, threonine, and serine, among others. A study by
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Wannemacher et al. (1972b)'show§q;decpeaped plasma
concentrations of all 1ndiVidugl amino acids except lysine,
histidine, and arginine within two days of exposure to a
viral fnfection. B8y four dhys post-exposure however, the
concentration of phenylalanine was significantly higher

The discrepancies between these studies may be due tosthe
differences in the type and severity é% 1nfections studied
and the type of subject used.

The plasma amino acid concentration resbonse to
endotoxin or interleukin-1 infusion 1si$omewhat different
than the response to sepsis. Sobrado et al. (1983) .found
no change in the piasma qoncentration of most individual
amino acids‘exqut-fdr increaéed*tYrosine and phenylalanine
and decreaséd‘aspartate‘boncentratioﬁs in the guinea pig.

Amino acids are transfered from the peripheral tissues,
such as skeletal muscle, to the livef during infection.
Lindberg and Clowes (1981) measured hepatie uptake 6f amino
acids in septi¢ pigs and’ found increased uptake of all the.
individual amino acids‘;xcept cysteine and hydroxyproline.
The liver release of‘gjuiamate was significantly reduced
during sépsis. The opposite pattern was apparent for
arteriovenous concentration differences across peripheral
tissues. Roseéﬁlatt et al. (1983) determined that
peripheral release rates of‘amino.acids were inéreased.to
more than three times narmal. while visceral fractional
uptake rates were increased more than five time§ in septic

--patients.
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Oxidative metebolism of individual amino acids ha;,aiso
been studied during sepsis. Long et al. (1976) obssrved
no difference in whole body alanine oxidation between

septic and norma) patients. Sobrado eF al. (1983)

demonstrated that whole body leucine‘okidation increased

during endotoxin infusion. These effects were not chanded‘
~by concommitant infusion of the prostaglandin synthesis

inhibitor,. ibuprofen. Oxidafioh of tyrosine and Ieucine

has been shown not to differ in 1iver slices from septic

and fasted rats by Rosenblatt et al. (1983).

F. !nfactionllnduced Changes In Insulin and Glucose

Metabol{ism ’

Even though fasting would lower the circulating
,concentrations of glucose and amino acids. plasma‘insu1in
concentration is fncreased during peritonitis in fasted .
.rats in comparison with fasted contro] ‘rats (Ryan et al.

1874). Since insulin decreases muscle protein degradation‘
1ﬁ yitro (Jefferson et al., 1974), this rise in insulin
concentrefion may have a regulatory effect en the exFent of
muscle wastage du;jng disease. However;‘there is some
evidence that muscle tissue is»dnsens%tive to 1nsu11n ,
during infection (Ryan et al., 1974). Rat diaphragm
. preparations show no change in glucose oxidatlon or

glycogen. production-during perjtonitjs, whereas, oxidation.

of glucose in adipose tissue from theSewgnfmaTs was

1ncreased (Ryan et al., 1974). Whole body glucose i

/
P ad
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productton from iTanino is increased in geptic patients
even during glucose infusion (Long et al, 1978; Long et.

1.,71976). The subjects used in the study of Long et al.

(1978) also showed increased blood insulin concentration.

G. Effects of Endotoxin in Ruminant Species
Very little work has been‘done on the response of
ruminant species to endotoxin injection or expérimentai
infection. Ruminant animals may exhibit different
reactions to infection or endotoxin injection from those
observed in monogastric species for three reasons. The
‘large storage capatity of -the rumen may ameliorate the\‘
effects of anorexia and reduced féed intake on metabolism.
S5ince the ruminant does not'normal]y absorb mueh glucose -
" from the digestive tract the relative importance of
gluconeogenesis "and the use of amino acids for this purpose_

‘may be increased during infection when compared to

monogastric animals. There may also be differences between

ruminant and monogastric animals in the metabolfsm of amino

”facids Wijayasinghe et al. (1983) showed that there were
apparent differences in leucine. transapination: and
oxidation in response to fasting in liver, muscie kidney.
and ddipose tissue in sheep compared with previous data

~ from rats and humans. The studies presented in this tHesis
invo1ved the use of sheep as the experimental animaig
because they are .small ruminants which are easily handled
and the literature 1s incomplete with respect to possible

3
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. unlque responsegfofkjpem to endotoxin and infection.

“il%'linically. endbtoxin 1nject16n 1nto ruminants causes -

"f51m1lar symptoms to those found in rats and ‘humans such as;
‘anorexia (Baile et al., 1981) depression (van Miert, 1973;
‘Naylor et alh 1984), coughlng and’ sh1ver1ng (van M1ert
‘7l973l Leukocyte number 1n1t1ally decreases after
endotox1n (Cakala, 1965b van Miert, 1973), and lafer;
becomes elevated (van M1ert et al 1983) . ‘Serum sodium
concentdatlon 1ncreases and serum potass1um and 1norgan1c
phosphorus concentrat1ons decrease follow1ng endotox1n
1nJect1on (Cakala, 1965b) " |

The results of stud1es ‘on plasma glucose concentrat1ons

,follow1ng endotox1n 1n3ect1onr1n rum1nants have been
‘ ey ¢ , _ . ,

.o lnconcluslVe3° Allen et al. (1970)'observed‘a-small D

nons1gn1f1cant and trans1ent 1ncrease 1n plasma glucose
concentratlon dyr1ng endotox1n 1nduced fever in calves@%é
wh1le Reece and Wahlstom (1973) reported an initial ‘”‘*”
1ucrease in plasma glucose concentrat1on followed by a K
decrease in young calves 1n3ected w1th endotox1n |
Endotox1n 1nJect1on 1nto sheep has alsowbeen shown to cause
an 1n1t1al 1ncrease in plasma glucose concentrat1on,,
followed by a decrease (Cakala, 1965b Yag1 and NaKaJ1ma,
1983) Naylor et al¢ (1984) however,, found that the
| concentratlon of glucose in plasma decreased follow1ng
endotox1n adm1n1strat1on without an 1n1t1al 1ncrease
There are no reports in the l1terature deallng w1th¢

: am1no ac1d metabol1sm in rum1nants with respect to

. 1 N . : : . N
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infection and fever. ThéthW studies conducted on the
‘response of rumihants to: fever have examined glucose
concentratlon and gut motll1ty S1nc% the consequences of
the amino ac1d response couldﬁbe 1m§ortant for animal

3

//’gnowth and meat production. as We:l“as affectlng results in
other types of studtes. the follow1ng exper1ments were
¢ conducted to elucidate the nature of the response in
sheep. The obJectlves of the stud1es were:
| 1. to character1ze a general1zed restnse of
R sheep to endotox1n fever through meas urgymat of
the ‘time course changes in plasma aminc acid,
gluCose and insulin concentratiOns} ' |
2. to determlne'whether endotox%n altered theA
~fluxes of amino‘aclds across various tissues;. |
3. to characterize "the pattern of use.of specific
'nahtno acids in hepatic t1ssue during endotox1n"'
.1nduced fever. | | B
leficulty was encountered’in‘acheiving;the‘second‘
objective, out.methodologyehnd preliminary results_are

spresented in Appendix 1.
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Figure |.1. Metabolic- responses to 1nfect1on)med1ated by
1nterleuk1n~1

Bacteria, Bacterial products (endotoxin), |,
Tissue injury, Antigen-antibody complexes.
Viruses, Inflammatory steroids

Mononuclear Phagocytes
-interleukin-1 synthesis
and'reJease ——

sBrain . ' ,
-increased PGEj productlon
-fever _
-slow wave sleep o

—SKkeletal muscle .

-increased PGE4 production
-increased pro%eolysis,
-increased amino acid release

-——éPancreas
-1ncreased insulin and glucagon secretwon

| Y—Bone marrow
-increased neutroph1l release

| | ymphocytes (T célls, B cells, natural
Killer celils) :

-activation

-proliferation

-interleukin-2 release (T helper cells)

L——>cCartilage
-increased turnover of proteoglycans

| ,
- ————*—%>L1ver :
‘ -increased amino ac1d zinc and 1ron
" uptake
-increased gluconeogenes1s
-increased acute phase protein synthesis
-haptglobin ‘
-C-reactive protein
-alpha-1-antitrypsin
-alpha-1-globulin
o -ceruloplasmin
:>' : , -increased plasma [Cu] ,/
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I1. TIME COURSE CHANGES IN BLOdﬁ METABOLITES

DURING ENDOTOXIN FEVER IN SHEEP
ol

&

©

A. Introduction
Rats, mice and humans respond to bacterial infection or
© endotoxin challenge by a}ﬁering nitrogen metaboljfm., The
changes observed-include: alterations in individual plasma
amino acid concentrations (Sobrado et al., 1983; i
Wannemacher, 1977), increased.urihary nitrogen excretien
(Bé;sel}‘1966),qand increased whole bod} protein turnover
(Longlgf al., 1977a; Garlick et al., 1980);“_1ncreased
,;Keletal muscle'protein degradation has been observed in
gilgg in response “to interleukin-1 (1eukocytic pyrogen)
(Baracos et al., 1983) and has been implied from in vivo
studies bf sepsis in rat55¥§0ff and Secrist,'1984), and
from the méasuremeﬁt'of urinary N*-methylhistidine
excretion in infgcted humans (Long et al., 1977b)."There
 appears to be a paucity of information {n thé literature
regarding the response of ruminants to fever with‘respectl
to nftrogén metabolism. If the ruminant species commonly
- used for meat production exhibit this same type of
cétabolic nitrogen loss during feQer, an understanding :**
this response would have impbriént 3mp1ications for ~the
évaluation of the cost of diseases as well as
recommendafioﬁé:for animal treatment to minimize |
1. A version 6f this chapter has been accepted for
publication: Southorn BG and Thompson JR. 1986.
The Canadian Journal of Veterinary Research. in
press : :
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productivity losses during febrilé periods.
During infection or sepsis, a cﬁronic type of fevér
often develpps and‘may‘last several days or weeks. Acute

fevers also occur. These may be due ta very mild il[ness,

"self-1imiting viral disease, vaccination, or experimental

endotoxin cﬁéllenge. Acute fever modefs,,guch ;sAthat
which is,produéed by‘endotoxin“injection{ proyide
repeatable, safe methods of studying the metabélic effects
of endotoxin-induced fever. | Since there is essentially no
literature regard1ng the response of ruminant ni trogen
metabolism to fever, the following study was conducted to
characterize the t1me course changes in the concentrations
of plasma amino acids and'éther metapolités. during and

after acute endotoxin-induced fever - in sheep.

B. Materials and Methods

-Seven mature wethers, averaging 60.1 kg body weight,

7'ﬁére individually housed in metabo]ism'crates at an ambient

,temperature of 15-20°C with cont1nuous lighting. Two of

the animals had each been previously prepared with a rumen
fistula and an externalized carotid artery. The animals
were fed 2000-2500 g'pelléted‘bromégrass'hay containing 12
% crude protein, daily at 0800 h. Water and cobalt-iodized
salt were availéble ad libitng |
~Two trials were performed with each animal . During the
first tr1a1 an acute febrile episode was induced in three

wethers by a single 1ntravenous injection of E. coli,
, ‘-
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(serotype 055:85)'endotoxih (Sigmd Chemical Company; St.
Louis MO), whilé four wethers were injected with
physiologicai saline and monitofed as control animals.
During the s%qond trial seven days latera the treatments
were reversed. The endotoxin solution was prepared prfor’
to each trial, by'dissolving endotoxin in sterile 0;9% NaCl
to a concentration of approximately 0.20 mg/L. An
endotoxin dqse'of 3 ug/kg BW was used, -as preliminary
trials indicated that a reproducible fever lasting
approximately 6 h with a maximum temperatdre rise of
ﬁ 2.39C could be obtained with such a dose. Rectal
temperature was measured at 15 min‘intervals during the
pre-injection period and during the first 8 h of each trial
using‘a telethermometer probe, irfiserted 12 cm into the
rectum, (Yellow Springs Instuments Co., Yellow Springs OH).
A catheter was placed in a Jugu1ar veip one day prior
to each tr]al for solution injection and blood sampling.
The animals were fed routinely at 0800 h oﬁ tHe day of each
trial. Feed consumption was monitored by weighing the
residual feeq and returning it to the animals every 2 h for
12 h post-feeding. Blood sampling (10 mL) commenced at 0900
~h. Three pre-injection blood sgmeles were obtained, at
hourly intervals, the last one immediately prior to
endofoxin or saline injection at 1100 h. After injection,
blood samples were collected at 1.5,3,4.5,6,7.5,9, 11,
13,19,31, and 55 h from both saline and endotoxin treated

animals. An additional 12 blood'samples were collected from

- —
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" the endotoxin treated animals between 0.5 and 12 h
- post-injection, but were not used for analysis presented 1h

¥
»

this report.

A hematocrit vaiue was determined on each blood sample
using a micro hematgprit cehtrifuge, Plasma was separated
from whole blood by c;ntrlfugation at 1000 g for 15 min.
Plasma samples were d1v+dod into three equal aliquots and
stored at -20°C until analysis

Proteins were seperateﬂ‘from plasmaby the addition of
acetonitrile eccording to the method-of Jones and Gilfigen

(1983) Amino'acids in the remaining plasma fracfioﬁ were
derivatized with o- pﬁ*hald1aldehyde prior to separation by
high performance liquid chromatography using a Varlaq 5000
HPLC equipped with a Fluorochrom detector Peak area
~ integrations were performed by a Hewlett Packard 2625A
computer. It was not possible to separate threonine from
citrulline and‘argin{ne from carnosine with the solvent
gradient employed. Thus, these pairs of values are
repor ted together.

Plasma Thsulin concentrations Qere assayed by a double
ant ibody radioi&ﬁunoassay, using ovine standards (Sigma
Chemical Company, St. Louis MO). Plasma glucose
concentrations were determined by the neocuproine reaction
using an automat}c analysis system‘(Technicon Instruments,
Tarrytown NY). Plasma creatinine values were obtained B

using the standard heat clot method and alkaline picrate

reaction of London et al.(1967).
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" Analysis of variance was used‘a; the statistical basis
of comparison between trials: witn each animal tested
against itself as control, at a particular fime in the
trial: . | o

. Concentrations of the individual amino acids showed
large variability between animals. To minimize the effect
of this variation, the boncentrations were expreesed .as a '}
percentage of the pre- inje\\:on average for each animal
These values were also analyzed by analysis of variance

A comparison of the relationsnip beé tween glucose

concentration chanQes and insulin concentr;tion changes
between triale was performed using linear regression and
analysis of covariance. All statistical calculationE“were‘
performed using the Statistical Package for the Social \

n Sciences X.

C. Results N
fhe rectal temperature of the wethersaduring the
control trials remained relatively constajt. while the
rectal temperature of the endotoxin-treated animals
1ncreased almost immediately following injection; .and was
s1gn1f1cantly (P<Q.05) elevated compared with control
animals from 0.75 to 6.75 h post-1njectvon (Fig. I1.1).
The maximum rectal temperature attained was 2. 3°C above///
control an1mals\at 3.75 h post- 1n3ection
The endotoxin-treated animals appeared lethargic during

the course of the fever, recovering normal behavior
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patternswonce rectal temperatures had decreased to -
pre,injection values. Exceesive salivation was observed in
some of the animals durirg fever. The extent of anorexia
was difficult to determine. because feeding OCCUred prior
'to treatment. The animals consumed about two-thirds of
" their daily‘food allowance prior. to treatment.  During
lfever, the sheep tended not to eat, but finished their feed
- after defervescence In general, all feed was consumed by
2000 h in both groups _ -

Hematocrit values became elevated (P<0.05) at 3.h
post-injection and remained elevated until at least 6 h
post-injection (Table II.1). Plasma creatinine L
concentrations were significantly (P(O 05) eleva*%d‘(Table
I1. i) from 4.5 to 13 0 h post- TnJection The : 1)'; )

o concentrations reached a maximum value of 9 umol/L at 11

and 13 h post inJection 4-6 h after defervescence
~ Plasma glucose concentration decreased 51gn1ficantly
(P<0.05) within 3 h of endotoxin injection and remained
depressed through the trial until at least 55 h
post- injection as shown in Table I1.1.- Plasma insulin- ‘
concenfrations. 1nitially dropped (P<0.05) below control L
values at 1.5 h post injection and then increased (P<0 05)'
above control values from 4.5 to 13 h post 1njection . The’
'i”linear regressions of change in plasma glucose -
‘concentration on change in plasma 1nsul1n concentration -

showed no signlficanL differences in slope (P>0 05) between
control and endotoxin trials. ’ )

-
s
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Total‘plasmu aﬁino acfd‘conpsntrations‘were -
siqnificangiy decreased (P<0.05) in the endotoxin treated
animals compared to the control animals by 4.5 h
post-injection and remainedldepressed until at least 19 h
post-injection, or 12 h after recovery of normal body
temperature (Fig. 11.2). The plasma concentrations of each'
of the‘ind1v1dua1 amino acidS‘d?creased significantly |
(P<0.05) below contro] values at some point in the sampling
.period (Fig. [1.2), with the exception of tryptpphsh and
tyrosine. {These two.amino acids showed no significant
alteratdqgs in their plasma qoncéntrations throughohtﬂthe
experiment (data'noq shown) . |

The greatest chjnge observed 1n the concentration of an
1nd1v1dual plasma amino acid was for serine which dropped
almost 1mmed1ate1y, reach1ng a low of 14% of pre- injection

™.

values at 9 h post- 1nJection At 4.5 h post-injection,

.- shortly after -‘fever peak the concentrat1ons of aspartate

arginine+carnos1ne asparag1ne, 1soleuc1ne.,leucine.

meth10n1ne, sérwne threon1ne+c1trull1ne and valine were
all s1gn1f1cantly (P<O. 05) depressed - in 'the
endotoxin-treated an1mals ‘when ‘compared to the control
animals. 'Sigpificapt'(P(0.0S) differences were not

-

observed for s few amino acids'udtil s number of hours

after 'ver recovery For example, glutamate and glutamine

became s n1f1cantly (P(O 05) depressed at 13 h -

' post injéction in endotoxIn treatéd sheep relative to

control- sheep. The concentrations of some amino acids.
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such as arg1n1ne{carnosine. glutamate,. h1st1d1ne and

serine rema1ned depressed 31 h post- 1n3ect1on (‘P<O. 05)

The plasma concentrations of all individual .amino . ac1ds -

were not s1gn1f1cantly dlfferent (PLO. 05) from control

values 55 h post-injection.

D, Discussion - T

In studying the effedﬁs of bacter1al infections on

nitrogen metabol1sm 1n rum1nants 1t is of value to

elUc1date the actlons of the bacter1al endotox1ns

;themselvest The,1ntravenous adm1n1stratlon of E. coli

endotoxin to sheep permlts the development of relatiyely

réproduCible biological'responses in sheep as demonstrated

by the cons1stency of time course changes measured in

rectal temperature follow1ng endotox1n 1nJect10n in th1s

--study (F1g 11, 1) and in the study of Naylor et al.

(1984) Stud1es of n1trogen netabol1sm 1nvolv1ng the use

aof infected pattents (Marchuk et al. 1877) or the use of

-eXper1mental 1nfect1on models (Wannemacher et al 1971)

rare compl1cated by factors in add1t1on to endotox1n wh1ch,

. may lead to considerable d1ff1culty in the 1nterpretat1on :

of the s1gns developed o % .W‘

Y
Ay

Body flu1d d1str1butlon changes are commonly assocgatedf

’_with endotox1n 1nJect1on, but are relat1vely short l1ved as

shown by van M1ert et al. (1983) follow1ng adm1n1strat1on

‘of E. col1 endotox1n to dwarf goats In our exper1ment the

’hinjectlon of endotoxin resulted in a sljght increase in
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mt~,hemato¢r1t values dur1ng the febrile period, suggest1ng

| that only at th1s t1me was there poss1bly a sxgniflcant
sh1ft in body f1u1d dlstr1but1on ‘ ‘ |
Various reports in the T1terature have 1nd1cated that

4 sepsis and endotoxin- 1nduced fever alter plasma‘1nsulin
"concentrax1ons and/or carbohydrate metabolism. Ryan et al
,,(1974) reported mcreased pTasma insulin concentrat1on in ‘
rats suffer1ng from per1ton1t1s whlle there was no change

in plasma glucose concentrat1ons These authors also
reported that the responses of skeletal muscle pyruyate‘
dehydrogenase and gTucose ox1dat1on to 1nsul1n were

impaired dur1ng per1ton1t1s wh11e their responses in

_adlpose ‘tissue remained normal. These results suggest that
Jskeletal muscle in monogastrics becOMesrrefractory to
elevated insulin concentration during sepsts |

| There is limited 1nformat1on concern1ng the effect of
bacter1aT endotox1ns on 1nsul1n and. carbohydrate metabolism -,
in ruminants. Intravenous adm1n1strat1on of E co]1 011z B4
‘,endotoxin to cattle has been reported to resuTt in |
.‘nons1gn1f1cant changes in plasma glucose concentrat1on
(ATlen et al. 1970). In wethers, Nay lor et al. (1984)
demonstrated that plasma glucose COncentration was ”
- depressed from four until at Teast twenty-four'hdﬁrs after
| 1ntravenous 1n3ect1on of E. col1 (serotype 055 B5)
”endotox1n in the presence or absence of the anti pyret1c
drug d1pyrone Plasma 1nsul1n concentrat1on was not ¢

areported in e1ther’of.these studies. In the present study,
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intravenoUs injectlon of E. coli serotype 055:85 endotox1n
‘slmultaneously reduced plasma glucose concentratlons and
increased plasma lnsultn concentrat1ons , Possibly sheep
"respond to bacter1al endotox1n by 1ncrea51ng perlpheral
. glucose uptake due to 1ncreased c1rculat1ng concentration
:of insulin, and th1s response ls_1ndependent of elevated
body temperature

In monogastric an1mals infection is character1zed by a
negative nitrogen palance (Powanda etval., 1972) due
largely to an increased‘rate of breakdown of skeletal
muscle which is reflected in an increased excretion of
| urlnary creatinine (Garlick et al., 1980;%Long et al.,

- 1977b; Powanda et al., 1972)._ The elevated plasma
:cbncentrations of creaginine'measured in.our study may also
1nd1cate an 1ncreased rate of skeletal muscle breakdown

Amino acids from the skeletal musculature provide
substrates for 1ncreased rates of gluconeogenes1s and
prote1n synthes1s in the llver (Rosenblatt et al., 1983) .
Intravenous administration of endotox1n has been shown to
'1ncrease the rates of whole body a@:no ac1d appearance.

( ox1dat10n and. ﬁ\corporatﬁ 1nto prote1n 1n the guinea pig
= (Sobrado et al., 1983). Very l1ttle 1nformat1on is-
available to cnaracterize the time course change in amino
,aCid_metabollsm during the development and onset of sepsis
~ or endotoxin-induced tever wannemacher et al. (1972)
studled human volunteeN§ infected with sandfly fever V1rus_

and found that by 47 h‘after inoculation, before the onset

Loa
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of fever. or other cl1nc1a1 indications(of infection. the
concentrat1on of most 1nd1vidual p]asma amino acids was .
significantly depressed below pre inoculation values and
remained depressed for as long as six days. Sobrado et al.
(1983) reported that only the concentration of plasma
‘aspartic acid was d%pressed while phenylalanine and
tyrosineiconcentrations were increasedEfour‘hoUrS'after

infusion of. Salmonella enteraditls endotox1n into gu1nea®

pigs. There is no 1nformat1on concern1ng the response of
”‘rum1nant n1trogen metabol1sm to seps1s or endotoxin
administration. ’

The decrease in plasma amino ac1d concentrat1ons
observed in th1s exper1nent following intrayvenous
administration of endotoxm ma‘y 1mt1all' due. in part
to decreased absorption froﬁykge’intestine result1ng from
rumen stasis and altered 1ntest{bal -fluid dynamlcs van )
Miert et al. P1983) showed that the frequency and amplitude
of rumen contractions dropped during endotoxin fever, but
returoed to normal as temperature decreased. Thus, it‘is

~unlikely that the prolonged effects on amino acid
concentrations observed were simply due to decreased-ruhen
mdff]ity Since very little glucose is absorbed from the
‘d1gest1ve tract of the ruminant, a decrease in rumen
motility due to endotoxin 1nJection would also not be

~ expected to directly affect plasma glucose’concentration.
Previous trials in our laboratory, with higher doses of

endotoxin, haue shown prolonged,;severe diarrhea suggesting'
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Fluid shifts in the intestinal tract (Southorn, B.G. and
Thompson, J.R. ,}unpublished observations). The lack of
diarrhea in this experiment suggests that absorptijf/
function may have been relatively normal \\7
The extent to which the plasma concentratlons of

\\,ﬁ\\\
individual amino acids decreased following endotoxin N
administration was-variable. Plasma Seriné‘cqncéntratlon |
‘decreased mos t. rapidly and to fhe greateét extentibf any
"amino acid in the present. experiment. P]agma glycine
followed the.same pattern, but showed a slightly leSSer iw
drop. Previous studies of infection with rats and humans
have shown either no change (Askanazi et al.,.1980ﬁ or very
_littlé change (Wanﬁemacher et al., 1971; Wannemacher et
él., 1972} in plésma serine concentration. Endotoxin
1qfusion\ih the guinea pig also caused no change {n‘plasma‘
serine oh}glyéine concentratioh_XSobradb et f;>.1983). The
reason for tH}s disérebancy-remains unc]ear,c'ut future
studies using flux meésdfements‘across ﬁissues may provide .
eyidenCe-for the‘fate of serine in the febrile ruminant.

Alanine may be an important amino acid in the host
: respbnsefto infeétibn because it fs a majdr substrate for
Vglucbneogenesjs. Sbmenauthbfs have found'nb,change in
“alanine concentrations during infection (Marchuk et al.,
1977; Askanazi et al., 1980), wHileiothers reportldecreases
.. in alanine concéntration stabting'before'%nfectidn_indpéed
fever:éppéars (Wannemacher et al., 1972). During four'

“hours of endotoxin infusion in guinea pigs[ the b]asma
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' alanine concentration did not~change (Sobrado et af ‘
1983). Alanine concentrat1ons in the present study
remained unchanged until after fever had subsided. ‘As is
the case with all individual amino acids, the flux of
alanine through'the'cirqulatory system may change greatly
during fever and infection with little or no change in
absolute concentration. | |
Decreased branched‘cha1n amino ac1d concentrations
appear to occur. in monogastr1c species during infectious
fever. In exper1menta1 infections, the branched chain
amino acid roncentrat1ons decrease before fever appears
(Wannemacher et al., 1971; Wannéhacher et al., 1972). ‘In
contrast to the present.exper1ment. Wannemacher ef al. |
(1972) found that.the'branChed chain'aminclacids,showed a
more prolcnggd concentration drop than the other amino
| acids. Marchbk et al.(1977) found a decreased release of
these amino acids from skeletal muscle during sepsis,
" suggesting their increased use as energy substrates this ’
tissue.  In the gu1nea p1g, no- change in the concentrat1ons
. of the branched cha1n amino acids occured dur1ng a four
hour endotoxin infusion (Sobrado et al. 1983). In the
ruminant.however, the ox1dat1on of branched chain amlno
acfds in muscle is l1m1ted compared to that in the
%%mcnogaetric (Wi jayasinghe et al., 1983). The difference in
] the normai metabolism of leucine euggests that the
alterations in branched-chain amino acid metabolism due to

fever and infectlon may not be the same between these two

\
\
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types of animaas. This hypothes1s.1s’confirmed.by the
plgsma branched-chain amtno acid concentration data of the
present experiment. ; 0

The‘plasma concentration of phenyJalanine did ndt
change significantly (P>0.05) during fever and failed to
show the eveningtincrease aboVe‘preinJection concentration
-seen in the control trials. Endotdxin administration in

the guinea pig causes increased plasma phenylalanine
_concentration (Sobrado et al., 1983). In the studies of
others, plasma phenylalanine concentration during_infectjon
has been reported.to snow,an initial drdp (Wannemacher‘et
al., 1972) followed by a large rise (Marchuk et al., 1977:
Wannemacher et al., 1971;VWannemaCher et al., 1972).
Askanazi et al. (1980) found no change in plasma
phenylalanine concentration dur1ng seps1s but the muscle
concentration was elevated ‘

The changes in'b]asma creatinine and amino acid
concentrations rebdnted hene'suggest that rapid and -
extensive ch;nges are also occurring in the patterns of
tissue protein metabollsm in the rum1nant in response to
endotoxin adm1n1strat1on It is poss1ble that these
changes may contribute to<ecqnomicv]osses incurred by
ljvestock producers during infectious disease'dutbreaks, A
more coﬁplete understanding of the mechanisms of catabolic
nitrogen'}oss may help to allev1ate this problem.- The

results of the present exper1ment also suggest that some

differences may exist between ruminant and monogastr1c

e
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species, with respect to_amino acid metabolism during .
infection. In o;aer to'elucidate the Grigin of the
ob§érved‘cﬁanges in plasma}amino aCid concentrations,
" studies are cur;ently in progress to measure the flux of
thesé amino acids across représentafive tissues during

. -t
endotoxin induced fever. v

\



Figure IT .{. ‘'Time course change 1n rectal temperature in

control (— ) and endotoxin-treated (-----) sheep.

* Temperatures were significantly different between

treatments from 0.75 to 6.25 h (P€0.05) n= 4-7 animals
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Figure . 11.2.° Time course changes in individual and total
amino acid concentrations in control ( —— ) and
endotoxin treated (- - - ) sheep. Values are expressed as
percentage of the pre-injection mean for each amino acid.
The preinjection plasma concentrations were: alanine 208,
asparagine 48, aspartate 7, metnicnine 22,iblutamate 128,
glutamine 302; serine 116, glycine 580, isoleucine 117,
leucine 163, valine 327, phenylalanine 65, histidine 64,

~ arginine+carnosine 220, threonine+c1tru11}ne 526, and

total amino acids 3{74fuM. mean values from 557 sheep.
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111. THE EFFECT OF ENDOTOXIN INDUCED FEVER ON
— - HEPATIC SERiyE AND- ALANINE METABOLISM

ﬂawlntroduction
Infectlon'and fever ahe Known to.induce‘marked‘changes
in nitrogen,metabollsm in humans (Beisel,1966). These
changes include.onset ot negatlve nitrogen balance (Beisel,
1966); altered rates of otote1n synthesis and degradat1on ‘
both in the whole body (Garl1ck et al., 1980) and in
individual tissues (Fern et al., 1985; Pedersen et al.
B 19&@)7 and chandéslin amino'actd oxidation and disthibution A
‘}(ﬁosenblatt et al., 1983). It has been showncthat the
release of amlno ac1ds from perlpheral t1ssues such as
muscle and the uptake of amino acids by v1sceral tissues
such as the liver are fncreased"duringisebsis (Rosenblatt
et al 1983; Clowes et atl., 1980l The amino acids which
are extracted from the blood by therllver‘%ave a variety of
fates. ~ They may be deam1nated apd ox1d1zed 1ncorporated
into hepat1c prote1n or “converted to glucose and fatty
‘acids Long et al; (1976) showed that during sepsis, the .

,3

rate of alantne oxidation was unchanged but the rate of
. "A. g. .D d‘w
glucqne,ldgjs1s ﬂ%om alan1ne was elevated Sobrado et al.

(1983)Whiue shown that endotoxin infus1on alone is

: efﬁbct1ve in alter1ng leuc1ne metabol1sm in the guinea
e pig. They demonstrated 1ncreases in both whoﬂe body
protem synthes1s and degradahon as @ll as increased
leuc1ne oxidation. |

.
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| Although there is an absence of iﬁterature regarding
' the response of ruminant animals to endotoxin induced fever
with respect “to nitrogen metabo1tsm. it has’ recently been
demohstrated thaf sheep‘exhibit'decreased conoentratjons fﬁ

plasma. 1nd1v1dual aminq~acids and glucose when sub jected to

this treatment (¢ 555 {}3“) The mechanisms respons1b1e

. " "/

_for these plasma conoentrat1on changes have not been

eluc1dated._ The pr1nc1pal objective of this study. \
,therefore was to characterize'the hepatic metabolism o;
two am1no acids, serlne and alanine, during endotox1n
induced fever in sheep Ser1ne was chosen since it is K
large]y metabol1zed in the llver and its concentration in
plasma was reduced to the greatest extent during
endotox1n induced fever in sheep Alanine is an 1mportant
.glucogen1c am1no ac1d and its role in gluconeogenes1s has
been prev10us1y demonstrated in sept1c humans (Long et al
1978). - |
B. Maferials and Methods
[U—14C]‘serine and (U-14¢I" alanine were obtained

from ICN Radiochemicals, Montreal, PQ. RadiochemioaT
ipurity was'confirmed to be greater~than 99%Aby paper
ohromatography.employing a solvent system of tertiary
butanol, methy]ethylketone; water, andhammonium'hydroxide“‘
(4:3:2:1).  Endotoxin from E. coli serotype 055:B5 was -
obtained froh Sféma Chemical Company, St. Louis, MO.

” Six adult Qether sheep Weighing’40-57 kg were_housed in

i i CE T .
Rl 'S
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metabolism cages at an ambient temperature of 20°C. They
were shorn prior to the experiment and three had been |
previously fitted with rumen cannulae The sheep were fed

NMOOO g of mixed concentrate/alfalfa pellets once daily, at
0800 h. Cobalt—iodized salt and water were available gg

- libitum throughout the exper iment. | |

Each sheep was used in two trials, control (1nJection |
of pyrogen free saline) and endotoxin (inJection‘of 4,ud7kg
body weight E. coli serotype 055:B5 endotoxin dissolved in

. pyrogen free salined The endotox1n §blution was prepared
in one batch and storedmfrozen in 51ngle dose syringes.
| The trials were sep%rated by at least two weeks. l
A sjngle polyv1ﬁ§lchloride catheter was 1nserted 1nto
- the Jugular vein one day prior to each trial for solution
administration and blood sampling. Oh the morning Ofg?
trial, the animals were not fed. Body temperature was ’
monitored and recorded &t one minute intervals by a \\\\
miorocomputer connected to a thermocouple inserted 10 cm
ihto the rectum of the sheep. Blood sampies were obtained
at -2,-1,0,1.5,3.0,4.5,6.0,7.5,9.0, and 24 h
postihjection Packed cell volume was determined using a
ﬁmicro hematocrit centrifuge Plasma was separated by
'centrifugation at 10009 and stored ‘at -200¢ until
analysis . '
At approximately 6 h’postinjection liver biopsies were
obtained'acconding“to the method of Pearson and'Craig-'
l1980)'usipg a Tru-Cut mammary biopsy needle (Wravenol?



‘ “’f”'f 49
Laboratories Inc., Deerfield, I11.). Ten biebsies of-
approximately 10-15 mg wet weight and 2 mm in -diameter,
Awere placed in buffer (see below) until incubation.
When‘possjb]e five replibate incubations were perfdrmed
for each treatment and amino acid. In addition, |
'incubatibbs wete pertormed without‘tigsue to correct for
background. ‘Ihe biopsies were weighed and breincubated at
39.0°€ for 30 min in 2 mL of media saturated with 95%:5%
02:002. They were then transfered to 2 mL of fresh
media in 25 mL ihcubation bottles fitted With center wells
for subsequent collection of respired 002, and 1ncubated
for a further 2 h. The 1ncubat1on medium was Krebs-Ringer
a b1carbonate buffer (Umbreit et al 1972) with 10mM HEPES,
10 mM glucose, 5mM acetate and sheep plasma edncentrations
of amino acids as prev1ous1y determ1ned 1n our laboratory |
The HEPES was added as an addit1ona1 buffer. The glucose.
acetate and am1no acids were added to provide substrates
for the ma1nta1nance of ﬁd/;al metabol1sm by the t1ssue
In add1t1on each flask contained either 0.5
uCi[Q;‘AQI-serine or, 0.i,pCi[U-14C]—a]anine. The
initial medium specific activity was 3098 dpm/nmol for
serine and 598 dpm/nmol for alanine. _
| Theﬂmetabolism of the tissue was terminated after 2 h
by the addition of 0.15 mL 70% HC104 to the incubation
medium. Protosol (0.20mL) (New England Nuclear, Lachine
PQ) was added to the center well in each bottle to trap |

‘ 602., The incubations were continued for a further 45 min
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to ensure complete collection of COy. The center wells
were removed and placed in scintillation viais. Fifteen mL -
of scintillation cocktail (toluenensoonL,methylcellusolve
- 500mL,PPO 59.P6POP 0.2g) were agded and the radioactivity
~in COp was determined using a Markl liquid scintiilation
counter (Ndclear-Chicago) and.samp]e channels ratio for
quench correction. The tissue and incubation media were 4
stored at =20°C until analysis. . | |

The tissue.and incubatten media were,hom%iE:ized usﬂ¥i
a glass homogenizer. " The® homogenizer was was' ‘twice with
1 mL of 0.6 N.HC104 containing either d}1N alanine or
0.1N serine. After centrifugation (1000g, 15 min) the
supernatant was decanted and saved for glycogen analysis.
~The protein nellet‘was-washed a further 3 times with 0.6 N
HC10,4 containtng 0.1 N alanine or.0.1 N serine. The
protein was resuspended in 0.25 mL of water and solubilized
in 0.75 mL'Soluene'(Packard‘Instrument Company Inc.,
Downer’s Grove, I11) overnight at 20°C. The samples were
counted after addition of cogjctail (Scintiverse Bto-HP, |
Fisher Scientific Company, Fair Lawn, NJ).  Correction for
contamination from free serine and alanine adhered to
protein'was'done.dsing media from fldsks incubated without
tissue and the same procedure 28 the samples. Frozen liver
tissue which was not incubated w1th isotope was added as a’
source of prote1n _

The supernatant from the initial protein prec1p1tat1on

Auas meed with 10 my glycogen Three volumes of 75%

&
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ethanol were added and the samples allowed to stand‘
\Bvernight at 4°C to precipitate glycogen. After
centrifugation (1000 g, 15 min) and decanting of the
subérnatant, the glycogen pellet was redissolved in 0.5 mt
0.6 N HC104 containing 9.1 N serine or 0.1 N alanine and
reprecipitated with ethanél three more times. The final
precjbitate was dissolved in 6.5 mL &ater and counted.
Correction for residual radioactivity associated with
glycogen was_berformed by rebeating the same procedure
using medja containing 14C?élanihé and'14C-sérine from
flasks ingubated without tissue. |
Plasmahsamples were deprote{nized With trichloroacetic
acid prior to‘derivatiaépépp.of amino acids with |
6-phtha1dia]dehydeféeééiéing to the method of Jones and
‘Gilligan (1983). Amino acid concéntrations were Aetermined‘
using high performance liquid chromatography (Varian 5000
- liquid chromatograph?equipped'with a Fluorichrom detector)
with peak integrations performed by coﬁputer (Hewlett
‘Packard 2625A). Plasma glucose was determined using a,
reagent kit (Sigma Chemical Company, st. Louis, MO).
~Calculations of the amount of carbon froﬁ each amino

4

acja partitioned to the three fractions stjgigd were as
y.one fraction

follows. The amount of label appearing in
(COp, protein, or glycogen) was calculated on a dpm/mg
_wet tissue basis. This value was divided by the specific
activjty\of tﬁe_inéubation medium for serine or alanine,

the result was multiplied by 3 to correct for the number of
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caern.atoms in each amino acid and expressed as umole
substrate C per mg tissue wet weight. |

Data were analyzed statistically using the_Sfatistical
Puckage for the Social Sciences X. Tﬁe basis of comparison
between control and endotoxin incubations was analysis of .
variance and f-test. To minimize the effects of variation
between animals in the absolute plasma concentrations ofA
aming acids, the valueswere exprésSed as percentages of
preinjection meanvconcentrations. Time. course changes in
plasma amino acid -and glucose concentrations and rectal

temperatures were assessed using paired t-tests.

~C. Results |

. The time course change in rectal tempefature for
control and éndotoxin treated animals is shown in Figure
IIl.1. Rectal tempFrature 6f endotoxin injected sheep was
elevated (P<0.05) above that of the controls from 4.25 h to
9.0 h postinjection. The maxima 1l temperature elevation
above preinjection values was 2.43°C at 5.5 h |
postinjection. The rectal bemperature'of the control sheep
alsp increased (P<0.05) transiently §fter injection of
saline.

The symptomatic reaction of the sheep to enéotoxin |
treatment was quite variable. Most anima]g,exhibited some
shivering and excessive salivation shortly after |
injectiong Only one ahimal.developed a severe réaction to

-the endotoxin, characterized by diarrhea énd shock. Two of
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the endotoxin treated.animals, including the sheep which
exhibited the severe reection. died of shock after the
liver biopsy procedure, but this problem was not
encounteredwin ehy of the control animels.

By 3 h postinjection the hematocrit values of the
endotoxin treated sheep had risen s1gnif1cantly (P<0.05)
above those of the control an1mals as shown in }able '
III.1. They cema1ned elevated until at least six hours
postinjeétﬁon' Plasma glucose concentration had decreased
’ (P<O 05) by 3 0 h post1n3ect1on, reach1ng a low of 1.55 mM
24 h postinjection (Table III.1).

Plasma total amino acid'cdncentration became o
significantly (P<®8.05) depressed by 9.0 h postinjection and
remained so until at least 24 h postinjection, ‘as shown in
Figure I11.2a. Plasma serinevconcentration decreased
As1gn1f1cantly (P<O. 05) by 3.0 h post1n3ect1on reaching a
minimum of 26 percent of the pre1n3ect1on concentrat1on at
9.0 h postinjection (Figure III. 2b.). The serine
concentrat1on of the control sheep also decreased but not
to the same extent. Plasma alan1ne concentrat1on showed a
nons1gn1f1cant (P>0.05) increase during the initial part of
the trial in the endofoxin treated sheep, as shown in |
‘Figdre 111.2¢c. At 24 h postinjection, the plasma
concentrations of both serine and alanine were reduced
(P<0.05) in the endotoxin injected sheep in comparison with

controls. Details of the plasma concentrations of other

amino acids may be .found in Appendix 2.
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Endotoxin injection cause&wa 62% 1néreasev(P<0.0§) in
hepatic oxidation of iAC-serine (Table 111.2). Altéough
there was no ‘significan't (P>0.05) change in '4co,
release f#bm 14c-alanine due to endotoxin treatment,
there wﬁs’a trend towards an increase.: Significantly‘
(P<0.05) more alanine than serine was oxidized in both the
endotoxin and saline injected animals (Table 111.2). The
amount of serine and alanine carbon appearing in hepatic
' protein was increased (P<0.05) by 72% in biopsies from
endotoxin treated sheep as shown in Table 11]:.3,
Incbrporatiop of serine and alanine carbon into hepatic
glycogen (Table I11.4) was also incréased (P<0.05) by
endotoxin treatment. Although the increase was substantial
(275%‘for serine and 325% for alanine) the total amount of
activity in glycogen aftef 2 h of incubation was 100-400
times less that that found in CO,. |

D. Discussion ' |

The objective of this'study was to partially
charécterizé the hepatic metabolism of serine and alanine‘
duriﬁg endotoxin-induced‘féver in sheep.. It was determined
that the overall hepatic metabolism of both serine and
alanine increased due to this treatment. This finding
provided a partial éxplanation for the large decrease in
plasma serine concentration observed due to this treatment
in a previous exberiment in our laboratory (Chapter I]).

The rise in body temperature due to endotoxin wag ot



v

8,

as rapid in the animals studied in this experiment as

compared to the animals studied in the previous experimedgy

(Chapter I1), however, the rectal température was elevated
for a longer gériod of time in this experiment. The
animals in this experiment did nof show the charactéristic
biphasic temqeraturé rise which is often observed in
studies following endotoxin injectioh into sheep (van Miert.
et af., 1983; Chaptgr I1). The rectal temperature of the
shéep during the control trials became elevated during the
first few hours following the injection of sa}ine. The .
reéson for this temperature rise is unclear. ,)e
The decrease in plasma glucose concentration observed
due to endotoxin injection was similar _to that observed in
the previous experiment (Chapter I1). Likewise, the rise
ih‘hematocrit recorded in this experiment reflected the
data of the previous experiﬁent as well as fhat of van
Mierf et al. (1983). |

t

Ruminant animals differ from monogastric animals 1P'
areas other than (?e digestive tract. \They are more
dependent on gluconeogenesis than monogastric animals
because very little glucose is absorbed from the
gastrointestinal tract (Wolff #hd Bergman, 1972).
Ruminants may also differ with respect to the effects of
fasting and the relative importance of various tissues in
amino acid oxidation (Wijayasinghe et al., 1983). The

literature is incomplete wit5 respect to the metabolic

A
\

responses of ruminant animals fb'endotoxtn induced fever.

.
-
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A few reports have dealt with the reduction in rumen .-
. motility'ascociated with endotoxins (van Miert et al.,
1983; van Miert, 1973). Othef-authors’have repor ted
changee in plasma glucose c6ncentrction in endotoxin
‘ treated ruminants (Naylor et al., 1984; Cakala, 1965); but
they have not investigated the metabolic basis of these’
observed changes. Van Miert et al. (1983) reported
1ncrea$ed plasma urea concentration in gqate 24 h following
endotoxin injection. There have been no other Feports of
any change in the metabolism or concentration of nitrogen. |

containing compounds in ruminants during endotoxin induced

fever except for that in CHapter 11. ?m,;.
Sobrado et al. (1983) studied guinea pigs durii?:?

endotox1n infusion and found no change'in the

concentrations of selected amino acids, except foh

xeffecf as';ai;
- A.J.& xggv "

‘Swntratxpﬂs ”?é‘

infusion. Infusion of interleukin-1 had th same

in their study. These results are cons1sten_ -
values obtained in ‘this study except that pzl §rna seréne v:}as

dramatically decreased in the sheep used 1f§th1; exper1ment 9

but was not effected in the guinea pigs sﬁh ;gﬁgby Sobrado
et al. (1983). ° T 3 R
| 4

The conversﬁon of serine and alanine,§

measured in this experiment represents t?

: appear;a;'yce oficarbon from, these two aming Pin the'

‘7[.
=
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fractions studied. These are'v;lid measurements of' the
rate of oxidation, nét 1nco;pora;10n'1nto protein and
glyco@én‘if it is assumed that the intracellular specific
activity of the precursor émino acid is equivalent to the -
méd1qm specific activity, an‘asgumption‘normally made in
this type of study (eg. Mitch and Clark, 1984). The
intracellu{ar specific activity was not méasured. but since
the volume of medium greatly exceeded the volume of the
'tissue 1n¢ubated.5this was proéably a valid assumption.

The values calculated would be undgrestimates, however ,

- because the infraqellular specific activity would never
exceed the medium specific activtiy. The effect'o? this
difference would be 51ight a§.$§gwn by Fognénder et ai. g%
(1985). The estimation of thé contribution of serine or

, alanine to oxidative metabolism in Phe liver tissue is also
underestimateq by the method used in this experiment

. because some of the label from the amino acids'wguld be
lost through equilibration with unlabelled carboh atoms in
the TCA cycle (Brosnan, 1982). 

Serine oxidation during infection or fever has not been

previously reported. The rateQOf whol? body oxidation of
alanine has beeﬁ previously shown to be unaffected in
septic’patiehts (Long et al., 1976). Liver tyrosine !
oxidation increases during sépsis in humans but not in rats
(Rosenblatt.et al., 1983@. The'oxidation»bf tyrosine
increase;ﬁin rats during interleukin-1 infusion (Yang et

al., 1983), however, illustrating possible differences
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between reactions to 1nfect1on and 1nduced feVers
sSimilarily, endotox1n infusion in. the guinea p1g has been :

| demonstrated to increase whole body leucinelox1dat1on,
(Sobrado et al. f983) In general it appears that |

0x1dat1on of amino acids ]ncreases dur1ng fever or sepsis.

‘f‘-;Th1s SUpports the hypothes1; that the role of ammno aC1ds_

as energy sources during this type of metabolic stress is

‘1ncreased | | ‘ e i -

. Short term fever follow1ng vacc1nat1on has prev1ously

v“been demonstrated to 1ncrease whole body prote1n synthes1s f}
(Garl1ck et ah 1980) Numergus stud1es in the past have
reported 1ncreases in hepat1c prote1n synthes1s during
' fever. Th1syhas been demonstrated both in chron1c‘

- infections (Lust - 1966; Fern et al., 1985; Rosenblatt qt
a]f, 1983) and in short term fevers 1nduced by endotox1n or
interleukin- 1 (Sobrado et al. 1983 Loda et al. 1984;

. Yang et al.; 1983). In the present exper1ment hepatlc
vprotetn‘syntheSis Was not d1rectly measured but the -
1ncreased net 1nqprporat1on of serine and alan1ne carbon
1ntozhepatic prote1n suggests that net prote1n synthes1s

f‘was 1ncreased in the liver of the sheep in response to o
Eendotoxin adm1n1strat1ons Protein synthe51s of both the

,; »secretory and non- secretory fractlons of hepatac—prote1n is

}increased by 1nter1euk1n 1 infusion into the gu1nea pig v

| (Sobrado et al 1983) - Four hours of endotox1n 1nfu31dn

¢ $

s did not increase hepat1c prote1n synthes1s in their

. exper1ment However, in the study of - Loda et .al.. (1984)
o v . . 2 .
S ~ L SRRDRES ' |

- - Iy N
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B response to endotoxin 1nJectlon was

sheep l1ver,_the rate of glycogen synthes1s may have ?/J

A 59
nthesis in

until 12 h-

the increase in in v1tro hepat1c prote'

postinjection; a time when the increa due to-

inter leukin- 1 haq attenuated. The results ‘of the present

' eXper1ment suggest that the time course change in hepaticr

protein synthes1s is shorter in the sheep when compared .

 with the rats in the study of Loda et al. (1984).

In monogastric species the'production of glucose by

A glycogenolys1s is 1ncreased unt1l the liver glycogen pool

is exhausted, follow1ng endotOX1n 1nJect1on (McCal lum and
Berry, 1973). In thisneXpeJiment, liver glycogen content4
wasbnot measured, But examibation of the”inCOrporation of
serlne*and alanine carbon lnto g lycogen suggests that ‘in .
increased in response to fh1s treatment If the turnover\
rate of l1ver glycogen wa extrenely elevated 1t would
also be poss1ble to have 1ncreased labelllng of the %lﬁ

~glycogen even 1f the stores were depleted. Alternat1vely,t'
/’

.. the excess glucose presént in the 1ncubat1on media may have

st1mulated glycogen synthes1s W1thout data on the
glycogen content o//fhe 1iver b1opsy samples and the rate

- of: glucose productlon from glycogen it 1s»1mposs1ble to

d1st1ngu1sh between these two p0551b111t1es

This experlment clearly 1llustra§;s that endotox1n
J . ey

'1nduced fever- 1ncreases the hepatﬂc.use oﬁ alan1ne and

f serine in. sheep The 1ncreased‘hegat1c use particularily “‘f

) of serlne may part1ally explafh the decreased plasma



concentration of ihis amino acid duéaio endotoxin: treatment -
oQServed in this study and the previqus ohe'(Chapter 11).
Further‘experiments on the‘fhte of the carbon skeletons of
other amino.aqjds in this situétion wQUld‘provide valuable

information on the reaction to ‘endotoxin induced fever in

sheep.



F1gure III.1. Time course change 1n rectal- temperature in

’control and endotox1n treated sheep - Exper1ment 2. mean

-y
values from 4- 6 sheep ‘

r
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:FigUPé I11.2. Timq\cburse changes in plasma amino acid
* concentrations qulowfﬁg endotoxin injection into sheep.

mean values from 4-6 sheep. ’
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e N B IV. GEN RAL DISCUSSION AND CONCLUSIONS iy
There is considerable 1nterq§t in the effects of -

[

* infection and fever on protein and amino ac1d metabolism in.ﬂ

-} humanspatients and monogastric animal mode s (eg Sobrado
ot. al/, 1983; Powanda et al., 1972; Clowes et al., 1980).
The overt result of these changes in amino acid and protein

metabolism is muScle tissueqyastrng Whlch may be ‘_,.j :‘

substantial. especially as a result of prolonged 1llness
é-; There are no publtshed SClentlth stugies of the extenteof
th¥s problem in ]l\f}StOCK spemes and it 1s conceivable ‘
that the eFfect of 1nfect10us disease is to drastically
influence the eff101ency gi animal production Because
ruminant)animals differ from monogastrio animals in a

R ‘
Ways. 1t lS unreasonable to directly extrapolate

from the published studies on mongastric animals and apply

5 N

the results to est'mate the economic loss due to disease in

ruminant animals - Therefore, the experiments presented 1n -

_this the51s w ’e conducted to prov1de new 1nformation on |

-j~ amino acid metabolism of ruminants. during fever RS

“t et e

B ' Two experiments were conﬁucted , In the first
5~f experiment (Chapten II) the obJective was to determine

LI p(. \ )
;whetv r endotoxin 1nfluences/plasma amino ac1d -

¢
4

“Eoncentrations and to. characterize any time course changes
4n plasma»amino acid concentration& ﬁollow1hg-the‘inJection';
'«, of endotoxm Thei’objec%we of the. second experiment e

FﬁF(Chapter III) was to examine hepatic metabolism of serine L

L LA 5 S L Y
e 72 @», |=Vlf.L S
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and alanlne in res%onse.to endotoxln challenge
| In experiment one 1t was demonstrated that the plasma |
concentrat1ous of most 1nd1v1dual amino ac1ds\and glucose

were decreased by endoto§£n'1n3ectton The fever produced '

‘by the endotoxin injection lasted approx1mately "6 h but the‘

- concentrat1on of many of the plasma amino adtds nemaln" :kn‘
‘decreased for more than 24 h. This experlment 1nﬁ#bat§th ’“¥
‘that there ‘were ltkely substantlal changes in amino. a01d f.'

‘rpetabol»sm in ruminant an1mals in response to eridotoxln

”';anjectlon but the nature of. these changes could not be *

‘determ1ned 31mply from alterat1ons in plasma ' ‘

concentrat1ons \ The observed changes 1n plasma.

concéntratlons of amtno acwds were not ent1rely cons1stent
with. data frpm monogastrlcwanlmals subJected to swnn%ar
St Wo etgaip’?“”%BS) iFor: eltanple plasma ‘

. ‘ "
.',serwne concent:at1ons decreased to 14 % of the pre1nJect1on

!

‘treatments (A‘“‘(

‘“meanvearly in the time course measured in the sheep, but
~did not change ih the guinea p1g - ; \7'
The results from experlment two showed that hepat1c '
ox1dat1on of serlne was 1ncreased by endotoxtn treatment .
' whlle 'hepat1c ox1dat1on of alamne was not 51gn1flcantly , "'*, ,
affected The 1noorporat1on of carboﬁ>from bofh serupe and

falanlne 1nto p@ote1n and’ glycogen was also 1ncreased in\\

endotox1n treated an1mals It has been demo tﬁa%ed tha¢~xlg
l]septic pat1ents release amlno ac1ds fnom perlpherafkt1ssue

ﬂ{such as the leg (Clowes et al 1980) . Amino acid lftake
-‘1nto v1sceral tlssues,Aespec1ally the l1ver »1ncreases in -
- , s : %

e
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septtc patients as demonstrated by Rosenblatt ef al. ) |
(1983L These‘authors also demonstrated increased
1ncorporation into hepatic protein and oxldatlon of
tyrosinéﬁ”corroboratlng the results of experiment two.

The changes 1n plasma amino acid. goncentrations in
sheep in response to endotox1n injection from the second
eXperiment of this series (Chapter 111 and Append1x ) did
not agree completely w1th the changes observed in the first
A»eXperfment (Chapter II) The plasma concentrat1on of many
| of ‘the. 1ndiquual amino ac1d§ d1d not decr ase to the same
extent 1n the second exper1ment as ﬁhey did 1n the f;r,st ‘ "
experiment. slhe possible. effect of feed ihtake on data of
this vae-is clearly evident{ ‘In'the first experimght.;the

- sheep

were fed at 0800 h on the morning ofﬁthe trials
jthe second experlment they were not fed the
;morn1ng of the trial ahd any feed rema1n1ng from the ‘
previous day’ was - removed This poss1bly‘cont1buted td'the
;hmarked reduct1ons in plasma concentrations of'most
, -individual amtno ac1ds during the sal1ne tr1als in
expé?1men¢/%wo as compared to e{per1ment one
The rectal temperature responses were also d1fferent
' _between the two exper1ments., In the-f1rst exper1ment thet'
‘Q sheep developed a fever last1ng 6 h, wh1le in the second . ﬂ
‘“experiment the.sheep developed a longer feveﬁ@lastlng,unt1l“
‘g 9.h after 1nJect1on of a s1m1lar amount of. endoaox1n
,Also. in ‘the second exper1ment the sallne tpjected control

. anlmals showed mcreased recfal tenperature durmg the gx“f’g
m . ‘ b‘ S [} R %75(\
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lnitial part of the recording period. There were three
d1fferences between the two experiments ln the treatment of‘
the sheep. The first dmfference between the sheep in the
two experiments was the feed intake prior to treatment and
the type of feed. The animals in the second experiment
were fed a concentrate as part of their ration, while the
an1mals in the first eXper1ment were fed pelleted
brgmegrass hay Secondly, the surgical stress of the
b1opsy procedure may have prolonged the fever in. ther

endotox1n treated a @nﬁwn 1n exper;Ment two‘ Thxrdly. the,

| one were handled da1ly by the

eXper]menter for two~v-nth51priorﬁto and during the
. o .

e/péF?mEﬁf’”*fnfco trast the sheep used in the ‘second |
exper}ment were fed and cleaned by departmental staff qu
fherefore were. not accustomed to handling’ by the ’
exper1mehter except dur1ng the actual trials
ﬂ§§ycholog1cal stress due to the lack of cond1t1on1ng to the: '
exper1Menter could provtde‘a part1al explanat1on for the
.temperature rise observed in the sheep following saline“
1nject1on and the prolonged fever follow1ng endotoxin.
injection observed 1n,the second exqer1ment \ Th; var1ationv
in rectal temperature response may also be partially due to'vl
dlffensnces among the an1mals in pr1or exposure to ‘ v
‘endetox1g through natural’ 1n£ectlons and consequent
=tolerance due to ant1body formatlon

An obJect1ve of th1s research was to determlne if sheep

react to fever through alteratlons 1n/am1no acid metabolism_i'

a e

‘\'



which could impatr produCtion‘of meat. Clearty,'the she
does exhibit modified amino acid metabolism during -
Fndotoxin induced fever as shown-in Chapters Il and III.
’Although there were some differences in the data between -
the two experiments, quatitatively the data showed.tﬁe same
response in both The increase in hepatic oXtdatdon of

N

serine demonstrated in Chapter III‘l’ov1des a partlal

¥

lanat1on for the large decrease in its plasma
1

»
centratﬂon observed in both ‘experiments. Alanine

oxtdation may ochi {n many t1ssues other than 11ver ‘Up v

the'data presented 1ﬁ33hﬂpter 111 COncer1ng hepatlc

oxidation may not accurately repﬁgient the response of
| 28

There are still many aspects of the responses of amino. ac1d

and prote1n metabollsm to-endotox1n induced fever in sheep

X

A

wh1ch requ1re further thought and 1nvest1gat1on .
€ The exper1ment attempted to determ1ne the effects of )
endotox1n ‘on amino- acid fluxes between organs in khe sheep.
‘which 1s/eummar1;ed in- Append1x 1 ' would prov1de valuable
infornat1on A combtnat1on of this type of exper1ment and
"exper1ments 1nvolv1ng,qsotope 1nfus1on of spec1f1c amino |
'acids would permit. an accurate est1mat1on of quant1tat1ve

1nter organ exchange of individual amino- 3$1ds COUpled w1th
an‘information on té}ir metabot1c fates in the organs“'
“studied. Measurement of fracttonaj protein synthes1s and
'degradation rates in various tﬁssues of the sheep.

especially skeletal muscle durlng fever could also be

’.

alanine metabol1sm to- endotoxin é&;llenge in ﬂhﬁbsheep \

.



d1rectly releﬁted to estimating the economic costs’ of

N , ‘»\‘,-":.'hs‘
‘disease in imeat productfdh A cofiparative study of - R

endotoxin and infection fnduced fevers would provide T

"valuable insigh;%g,inxo the 're_lative importéncé of endotoxih

[
in the 1nfect1ous process in sheep And fi Z1lYasdn the

interest of attempting- to control the oy

during fever, gt wqudAVaISO be valuable AR

of comnonu usqg veterinary. ikay'rei‘lcl;dr\ R protein
" “turnover under disease s s, | v - '

I
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CAPPEIOIX 1N
SURG!CAL PRQCE,DURE AND PRELIMINARY DATtA FOR R

AMINO ACID FLUX MEASUREMENTS ACROSS DRGANS OF SHEEP

1
kl

”m N .“-/ ‘\. ‘ g "
A ;a.“ln order to further investigate the changes in plasma

¢
-v‘ a

aminp acid ooncentrations observed in experiment one,
"u«,d‘ ‘3.,!.

méasur;‘é'nkrft'nof inter organ exchange of amino acids was

8ttempted To. acheive this goal. catheters rwere inplpnted
g T

V@Q:‘W
ifto six blood vessefs the hepat‘ic veiri‘ ‘the portal.vein,
[Ae

a mesentéric vem the femor"] ve1n one femoral artery and .
either the other femoral’ artery or a mesenteric artery
The purpos‘ tﬂs appendix is to detail ‘the surgical

procedures j report some of the preliminary data obtained

before the study was abandoned because of a number of :

technical difficubties. I

purgery Procedure

e e

Three ntype's‘of ca-theters were used} during this study

Oaghete/r;\type one was poiyvmylchloride (PVC) tubmg (0 066

in @D4 which had sﬂashc tubing stretched. over it using

L

xylene.. The tip‘,of the catheter had approximately two' mm

- of silastic protruding over the end ‘of the PVC. Catheter -

type two was a conmerCial sﬂastic catheter (Brov1ac) in

| ’two.Sizes. Catheter type three was l-arge size (0.062 in 1D
| X 0.125 in OD) stiff sﬂastic tub‘ing | Infus%n catheters
‘r‘or this phase of the study were made of thin sﬂastic

. :>t 79“ . . ."7.4'

(&
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tublng (0.058 1n ID x 0. 077 1n 0D) stretched over PVC
. tubing using xylene. A1l catheters except the Broviac type
had cut&ogf 16 and 18 gaugé needles' lnserted,ln the .distal

end

rubber sqptiu’ T ; | *

fers. A1l catheters were capped with Luer lock

““'acabrdtgg to tﬁﬂ method of Katz and Bergman (1969a)

anlméfﬁv* 'f“

nesthetized with Halothane (5% initally; 2% for- L

i 2nd praced on thertable on its left side. An.

lnclsloq‘i‘s ‘made along the lower edge of the A{bs using a

SQalpelﬁl'A section of intestine was extracted from the

tadeous muscle layers and per1toneum After 1solation

) 'iﬂ qmesenteric vein, llgatures of 2-0 T1chron were
wnhplaced looseﬂy.around it. The llgatures were pulled.away
= from eac: other 1n order to occlude blood flow and a small
3.1ncislgn was made in the vessel using sc1ssors “The
catheter was inserted .into "the vein and gu1ded to the the
portal‘Vein vla the mesenteric. ve%n Onc;‘placement was - _
confinmed the catheter was secured in place by t1ghten1ng ;
the: ligatures on the vein and pla01ng one more llgature
around the catheter and mesentery | ,
_ A second catheter was placed into another mesenteric B
'vein branch in an analogods fashion. It was not extended
‘>as far into the vessel as it was to be used for infusion.
The hepatic vein catheter was'placed in the left lobe of

the Tiver. The ribs were retracted with a large abdominal
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hand held retracter The liver was grasped and twisted up “ .

w &

to the lncision Ihe hepatic vein was located by
t‘*paflon of the flssure in underside of this lobe. A
scalpel blade (No. 11) was used to cut into th:‘veln The
catheter:

threaded

Qas 1nserted into the incision in the vein and

flrough the vein to the junction with the 1hferlor

vena cava. The catheter was secured irito place with a-
purse-string suture and two or three other sutures aroudd
the catheter and liger capsule. The catheters were :
exteriorlzed through a stab wound in the right slde The
catheters were pulled through a trocar to acheive this 0
end. The catheters werexchecked to ensure heﬁostasis andf“““
ster1le sal1ne was poured into the cavity to m1n§mfze |
adhes1on format1on The 1ncis1on was closed in three
layers with 2-0 Qexoﬁbbr chromic gut. The catheter ends
- were placed in a plastic bagdwhich was attached to'the , .
"an1mal's backlUs1ng tag cement " )
The animal was moved to expose the inner surface of the
h1ndl1mbs, which were shaved and scrubbed wﬁth Betadine R
The leg surface was palpated to locate the saphenous artery .:
. and vein, An incision was made djstal to these vessels.
alohg'the fissure in the muscle groups. Blunt dissection
Wbetween the muscles revealed the branches of the femdral B
artery and vein. The skin agd muscles were held open with
. a Neitlaner\self-retaih;ng retracter. Bcth vesselsiWeré -
cannu%ated in’a manner analogous to the gut vessels. The-

catheters were inserted towards the vena cava and aorta in

Py e
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order to collect blood from and lnfuse the entlre hindlimb
A | l
\

area : ”‘w _
The catheters were etther exterlorlzed to the flank

using a trocar as. a guide or through a stab wound on the - ‘

back of the’leg' The incision was“closed in one layer
uslng 27 0 Dexon. The\other leg was 1ncised and a catheter
‘ “‘Wax’s 1nse}§ted into Fhe artery for sanpling ' ’

~ In_ the animals where the leg catheters were N \

J.,exteriorlzed on the leg, they were guided to the holding

nt. .
“Catheter type three was 1qglanted Usir ne ﬁethod of

,Naylor et al. (1385). This is a mod1flcation of the

original method which facilitates the 1nsta4l?t1on of "the T

bag uslng wide tape held in place with

&

hepatic vein catheter. | | | - .

~

The . sheep was placed on its back after anesthetﬁzing
with S}lothene A 20 cm incision was ﬁade across . the .
midline and up the rtght side along the edge of the ribs.
“Blunt dlssection with forceps was per formed through the

subcutaneous muscle and fat layers. The posxt1on of the
oblique muscle layers necessitated cutting through fibers,

-but this was'mihlmlzod The'catheters were inserteJ nd-

secured using the same method as beéfore, excebt that a

A

,small plastic catheter introducer was used to hold the o

*

vessel ope durlng insertioh. of the catheters. .,Q

In order to facllitate insertion of the hepatic

catheter the rumen was deflated using a 16 gaugékneedle

" surrounded by gauze. The ribs and liver were each 1ifted

£
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by assistants to allow’ tho surgeon free access to the |
hepatic vein An arterial sampling catheter was 1nserted
into a mesenteric artery using a similar procedure to that’
for the mesenteric vein in some of ﬂhe animals. The ’

catheters were exteriorized through (three) four separate .
stab wounds on the upper Pié\t side of the animal. They
‘were pulled through the wounb using: long hemostats The
‘order of the catheters on th£ dutside of the.body was . .
a}ways the same to aid in 4dfnt1f1cation of the vessel ‘ L
sampled The perltoneum hhd muscle layers were closed with \
2-0 Dexon sutures and the skin was closed with 2-0 silkK. '\
’Catheters were installed: fh. the right leg in both:the |
ﬂartery and vein using the same procedure as with the other
‘types of catheter A small catheten introducer was used to s
facilitate insertion of, the’tubing idthe vestel. The
u‘catheters were exteraor1zed through jzzarategtdb wounds on i
the rear of the leg. If no arterial catheter was installed "
in a mesenter ic artery’ then one was olaéed in. the left leg.. .

A a
Tape "butterflies" were wraEped around all of the

~

catheters at the site of exit from the body and Stitched to .
the body with 2-0 s1lk The leg catheters had additional e e

"»
A s
butterfl1es attached and stitched to ‘the skin with 2-0 silé@i';«

as. f/\y were brought up*"the b9ek of the logs 'y catheterﬁ
bag df rip-stop nylon was stitched to the back of the

‘animal. All of the catheters were placed in the bagcaqg it
was tied closed. Eye wound powder was applied to all of
.ﬂhe incision sites and the animal was administereff 4,mL of

-
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lerramycin and 500 mg naproxen. Terramycin therapy wag: iiﬁ‘
continued for four days post surgery. The sheep were ]
normally allowed ten days: for recovery, from the effects%
surgery. . | M_/,//’&
The patency of the catheters was maintained by twice

,dai]y flushing with 5 mL of heparinized saline (30 IU/mL).

For experiments. the sheep were infused with para R '/ ’
Laminohigeupic acid (PAH) to estimate biood flow. In order
© to estﬁqﬂte“blood flow in the hindlimb and viscera
_simultaneously. two solutions of PAH were infused. Afl%

solution’was infused into the hindllmb artenial infusion

-«
=% -

;Theter and. 8. 2% solution was infuﬁed into the mesentericqa
vein catheter. both at a rate of 60 mL/h. A priming dose

of 10 mL 2% PAH solution was 1njecte"prior to 1nfus1on to
'shorten the time ﬂquIred to reach plateau background
COncentration . PAH concentration in whole,bloOd samples
\\was analyzed by a colorimetric assay “(Katz. and Bergman,
1969b ) . ¢

-

; ‘zaesu]ts | ] . ‘ ‘ .M‘.v' - :“’,.»‘.-,“:ﬂ»' "\' P ‘.‘ ‘ o L
d,» '

ce‘plaCed 1nto %our cattﬂe of‘

/,, -,

;di; Initially.lcatheter

R3 varying age These an@hals developed infections in the

LR
£

subcutaneous.catheter tracks probably due to the use’ of the ? .
trocar to exteriorize the catheters. The trocar was long o ;
' and difficult to maintain sterile éhroughout the procedure.

Trials using endotoxin were conducted on two of these, o

animals (data n@t : '3.—~g,~.-‘455ﬁﬁ§?‘* -

A g
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* Sheep were implanted with catheter ?ypes two and three.
Various problems were encountered with these animals,
including chewing of catheters, post-surgical systemic
ihfection in one sheep. strangulated bowel- in two sheep,
1nexp1tcable death in two sheep, and plugging or toss of
catheters. : " |
In the few sheep that survived surgery and the recovery
period with intact, patent catheters experiments were
conducted #&o measure ‘the: effect of endotoxin 1nduced fever,
on amino acid flux across the hindlimb, por al drained
“viscera, and liver. During each experimentr blood was .
collected at four ttme points: prior toAynjection, and dt
. 3,6 and 24 h post1njection At each sampling, three s7ts
- of samples were obtatned to minimize variation in thelblood
flow estimation. f . B | / | /

* /

/, o L
Blood flow measurements were still variable. ~On sheep

had extremely varlable blobd flow espec1ally in the g
hindlimb, as shown in Table A1‘1 Th1s appeared o be due '
| ta the an1mal mov1ng dur1ng samp11ng, ie. musculA} J ]
contract1on 1nh1bit\ng b1ood f1ow p f_b_ B . ;?{
A;co@par1son of pre1ﬁ3ect1on am1no acid’exchange data '<“~

gl
for thé same sheep 1n four consecuttve ‘experiments

separated by one week showed that the sheep were not |
consistent in the d1rect1on or magnTTDde of flux over the
. period (Table Af. 2) Due to many technical problems and

/Jarge var1ab111ty encounteced wifh'these preparations. thts '»

t
v

¥
oy . e A

approach. was abandoned B 3‘ . 5
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*"TIME COURSE, CHANGES IN PLASMA AMINO ACID
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