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ABSTRACT

Prellnlnary studíes have suggested that long tern, lmr 1evel

l-ngestion of ergot alkaloids may result in a generallzed impairnent of

temperature regulatíon in rurninants. Ihe present study was conducted

to detemíne the extent of this l-mpal-rment Ín ergot fed er¡res.

Groups of four sheep each fed a pelleted ration containing 07",

O.O77.r 0.147. or 0.281l ground ergot sclerotLa for a period of 19 weeks

werethensubjecred Èo ntld heat (27.7oC - 31.5oC), míld cold (OoC- 4.5oc)

and the¡moneuÈral condítions (16.0oc - 23.Ooc).

HeaÈ stress was demonstrated in all groups receiwing ergot aÈ

temperatures whÍch would normally be considered withln the thermoneutral

zorle. In ewes fed ergot at a leve1 of 0.072 this stress was evidenced

by an increase ln mean resplratory rate. In erJes receiving the two

highest levels of dietary ergot, the rapid shallcn^r panting typical of

both the control group and those sheep receiwing 0.O77¿ ergoÈ during

exposure to mí1d heat, was replaced by a slower deeper panting similar

to that. described for sheep during severe heat stress. ILre respiratory

resPonse was sufficient to prevent a ríse in body heat storage and rectal

teEperature.

Blood flcns to the ear, as evidenced by changes in the Èhermal

cfrculation index, was reduced at all ambfent temperatures in erses

receiving O.L4i¿ ergot or greater. Heat production &ras not affected by

dietary ergoË and it rgas concluded that an lncrease fn peripheral vasomoËor

tone rdas responsible for the observed l-or¿ering of the upper critical



temperaÈure by iurpairing heat flow from the body to the environmen!.

Ttre findings of the present study are f-nconsistent wlth the

effects predfcted by assuming an actlon of ergot alkalofds on central

monoamfne receptor sftes and appear to support the hypothesfs that ergot

alkaloíds impair temperature regulatlon by directly stinulating vascular

smooth muscle to increase PVMT.

In view of the above findíngs anímal producers would be well

adwised to refrain from feeding grain conÈaining even very low levels

of ergot Èo their llvesÈock aE extremes of ambient temPerature.
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INTRODUCTION

The fungus ergot (!]gyi"e.æ. species) parasitizes many North

American fodder grasses and cereal crops of economic importance " The

sclerotia produced as a result of the infection contain a variety of

pharmacologically active alkaloids which, if ingested, m¡y result in

serious illness or deaÈh. In livestock the symptoms of acute ergoÈ

toxicity include lameness, muscular incoordination, convulsions and

gangrene of the extremiÈies. Recovery, excepÈ for advanced gangrene'

is usually promPÈ following a swiËch to clean feed'

In humans, sporadic out.breaks of ergot poisoning were reported

throughout the niddle ages and as recently as L926 ín Europe (Young'

LgTg). The symptoms are similar to those in livestock and both

gangrenous and convulsive forms of the disease have been documented.

The grain grotrer may bear the brunt of the economic loss caused

by ergot infection due to downgrading and reduced yields, but, the

problen is of concern Èo other sectors of the food production industry

as well. In 1978 abou1 L.L7. of railcar loads of v¡estern red spring

wheat inspecÈed over a three uonth period ín Canada were downgraded

as a result of ergot contamination (Young, L979). SÈrict govelrlment

regulations prevent such grain from reachíng couurercial food channels '

Contaminated feed grains and fodder grasses, if inadvertently used

in the aninal production industrY¡ maY result in reduced performance

and/or quality of livesÈock. The animal producer who grows his own

grain may be doubly burdened by heavy infections of ergoÈ in his croPs'



frour both reduced yfelds and a reduction in llvestock perfornance.

The leve| of ergot ln feed grains generally consLdered to be

safe is below 0.12 on a w/w basls. However' recent rePorts lndicate

Èhat l-ndividual and total alkaloid contents vary considerably beÈr¡een

scleroÈia and that the leve1 and kind of effect observed depends upon

the specÈrum of alkaloids Present and the species to r¿hfch they are

fed (Young, L979). Thus, of two rations each containing 0.L7" etgot'

one nay be toxic, the other not.

The symptoms of acuÈe ergot Èoxicíty in lívestock have been

fairly well described, but Èhe effecÈs of long term, low level feeding

of ergot (less than 0.L5% v/w) are less well known. Preli¡oinary

studies in this and oÈher laboraÈoríes have suggested thaË chronic

ingestion of ergoÈ alkaloids at low levels can cause generalized irnpair-

ment of temperature regulation in ruminants. Ihe fullest expression

of ergo¡ toxicity may therefore be influenced by ambíent temPerature.



LITERATIJRE REVIEI.]

Ergot

Life Cycle and Control

The occurrence of ergot Èhroughout the world has been revíewed by

Lorenz (1979) who identified thirty two Claviceps species capable of

parasitising over six hundred host plants. All eight of the leading

cereal grains produced in the ¡¿or1d, wheat, rice, corn, sorghum, rye,

barley, oaÈs and nillets are suscePtible. A wide range

including species of Loliun, @, Agrostis, Dactylis and

also support infections (Mantle' 1969).

of fodder grasses,

Holcus wilI

The life cycle of ergot begins r¡hen a mature sclerotir:m falls

from the head of an infected plant. Subsequent events have been su.m-

marized by Bové (f970) and Lorenz (1979). ünless buried deeply by fall

tilIing, winter temperaÈures acÈivate the sclerotiun which germinates

in the spring. Stroma are raised above the soil surface within a week

afÈer the first signs of germination. Ascospores are then produced which,

when released, nay infect a floret during Èhe flowering stage. Initial

infection results in the production of a sticky subsËance, called honey-

dew, which collec¡s on the floret. Honeydew contains millions of conidia,

or secondary sPores, which are capable of infecting other florets if

spread by inseets or by rain.

As the infecÈion proceeds the developing mycelial mass destroys

the ernbryo of the floreË by crowding out all the tissues that would



norgally constitute the grain. Gradually the mass changes into the dry

hard sclerotial stage and upon naturity of the ergotized grain, t.he ergot

bodies fa1l to the ground to complete the cycle.

fhe ergot bodies themselves tend to vary with the host and between

species. They may be curved, straight or round, and white, Ye11ow, brown,

green or black to PurPlish brown. They are nearly always conspicous

on the plant or in the seed bin, tending to be slightly larger than the

seed they replaced. The lengÈh of the sclerotia varies from between

1 and 2 m on some of Èhe smallest grasses (Mantle' 1969) to over I cm

for sclerotia of the species C. gigantea (Lorenz, 1979). NormalIy, only

one or two sclerotia are produced per head but up to 41 have been observed

in rye (Young, L979).

The incidence and intensity of ergot infection is highly variable

from year Ëo year. A number of environnental factors and farning Prac-

Êices have been associaËed with outbreaks of the fungus (Lorenz, I979;

Young " LgTg). Cool, damp springs favour the germination of scleroÈia

¡¿hile dry and windy weaËher is required for dissemination of the asco-

spores. After infection has occurred, hot weather Pronotes scleroÈial

growth. When all Èhese conditions are met relaÈively high concenÈrations

of ergot are found in cereal grains.

Plant species themselves vary in susceptibility and a farmerts

choice of crops and cultivars may influence the incidence of ergot

infection. Cross pollinating species such as triticale and rye require

a longer flowering period than do self pollinating plants such as wheat,

barley or oats and as a result are Prone to heavier ergot infections'

Male sterile cereals are suscePÈible for the same reason"



There is some disagreement as to the degree of synchronization

necessary be¡ween flowering and ascospore discharge for heavy initial

infections to occur, but early planting dates have been shown to reduce

ergot conÈaminarion. Presumably this results from ¡nininizing the overlap

of these two factors.

Other control Eeasures available to the farmer include; (1) alEer-

nating fields bet!¡een susceptible and non-susceptible croPs to reduce

the number of dormant sclerotia in the soil, (2) deep tilling to bury

sclerotia beneath 3 - 5 cm of soil, preventing gernination, and (3) cut-

ting stands of wild grasses adjacent to cultivated fields where sclerotia

or honeydew Inay be harboured.

Gontaminated crops may be mechanically cleaned or blended with non-

conÈaminated seed Ëo reduce the concentraËion of ergot to below toxíc levels'

Effects on Livestock

The symptoms of acute ergot toxicity in livestock have been fairly

vrell described in the literature. llnfortunately, many of the early exPer-

iments used uncharacterized ergoÈ, that is Èo say, the exact source of

Èhe ergoÈ and its chenical composition were noÈ documented. Recent rePorts

indicate that individual and total alkaloid contents vary considerably

between scleroÈia, and that the level and kind of effect observed depends

upon the spec¡run of alkaloids present. LDso values for individual

alkaloids have been used to esÈi-mate toxicity of sclerotia. A single

sclerotítm may be 240 tirnes more toxic than anoÈher sclerotiu¡n from a

different field or 110 times more Èoxic than one from the same field

(Young, personal co-munication). This variability nay accounÈ for some

of the aPParent contradictions in the 1iÈeraÈure'



Although Èhe exact physiological response to ergot depends upon

its toxicityo the leve1 of consrnPÈion, and on the species in question,

a few generalizations are possible. tlnpalatability and reduced appetite

are common and often lead to reduced feed intake and an increase in feed

to gain raÈios. Classical sympÈoms of convulsive or gangrenous ergotisn

have been observed in almost all livestock species where the leve1 of

feed contamination is high. Recovery, excePt for advanced gangrene'

is usually prompt following a switch to clean feed. Young animals are

affected lnore than adults.

species specific clinical symptoms have been reviewed by Lorenz

(1979) and Young (1979) and are sr.mmarized in table 1.

In cattle, convulsive ergotism with nervousness' tremors and muscle

íncoordination has been observed. Gangrene, when it occurs, affects

mainly the feet, ear tiPS and tail ends. Diarrhoea, salivation, increased

!ùater intake, heat sÈress and the failure to shed winËer coats have also

been associated with the disease while reproduction is rnininally affected

(Lorenz, 1979; Young, 1979).

In sheep, convulsive ergotism has been reported but difficulty

in breathing, salivation, diarrhoea, heat stress and inflamation of the

digestive tract are the lDore common symPtoms. Necrosis of the tongue

has also occasionally been noted. Pregnancy rate nay b.e reducedu but,

ergot induced abortions are rare (Lorenz, 1979; Young, L979>.

The effecÈ of ergot on horses has not yet been investigated

thoroughly but the convulsive syndrome has been docrmented in cases of

ergot poisoning.

In Pigs, convulsive ergoÈism is

ergotisn, when it occurs, is confined

not usually observed and gangrenous

È.o the tips of the ears and Ëhe tail'
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Agalactia is cor*on in sows fed conËaminated feed prior to farrowing' Most

piglets are born live but evenÈuaIly die due to malnuËriÈion (Lotenz,

1979; Young, 1979).

Ducks and poultry exhibit necrosis of the comb, wattle and tongue

çrhen fed ergot. At levels greater than 1 .6%" mottality among chicks

is high, death being preceeded by an initial depression in growth, poor

feathering, nervousness, incoordination and finally by the inability

to sÈand (Lorenz , ]rgTg; Young, 1979) '

The effects of long tern, low level (less than 0.15 percent) feeding

ofergot,havenotbeenasthoroughlystudiedastheeffectsofacute

poisoning. some of Èhe above symPtons nay still occur but the convulsive

and gangrenous syndromes are usually absent. Preliminary studies in

this and other laboratories have suggested that chronic ingestion of

ergot alkaloids at lovJ levels can cause generalized inpairnent of tem-

perature regulation. Dinnusson et a1. (1971) initiated a study to deter-

nine whether the results obtai¡ed from an evaluation of triticale as

afeedgrainwereduetothegrainitselforEotheÈraceamountsof

ergot the grain contained. Two experiments were reported in detail'

In the firsr, beef heifers were fed a finishing ration conÈaining 0'5%

w/wofeitherryeorwheatergotorl.OT"ut/wofwheatergotfot49days.

In the second, o.5% w/w uncharacterized ergot was added to a barley raÈion

being fed to beef steers and dairy-beef crossbred steers fot 232 days '

Inallcaseswhereanimalsreceivedergot,ÈheauÈhorsreportedan

increase in water inÈake and urination, increased respiration and sali-

vation on rilarmer days, and the inability to shed winÈer coats' A furÈher'

Èhough perhaps somewhaÈ more subjective observation' Idas ÈhaE the animals

federgotappearedtoshowmorestressfromh'armweatherthandid
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the controls. Considering that some of these satre symPtoms &tere noted

during trials with triticale conEaining only 0.067" ergoto the authors

concluded that any ration conÈaining ergot at levels greater than this

sbould be regarded as toxic.

In a study designed specifically to assess ergot induced therno-

regulatory impairment, cowan and Phillips (unpublished data) fed high

grain diets containing ergot, at levels of 0.023, 0.10 and 0 'I23% v/t't

to Hereford heifers over a four nonth period. At the end of this tirqe

animals were subjected Èo a standard heat stress test. Cardiac and

sweating raÈe, rectal and surface temPeratures, and respiratory rate

rJere measured during a three hour exPosure' over which time the environ-

ment chamber was Programmed to reach 33"C and 937" relative hr¡rnidity'

A significant ergot effect was demonstrated with regard to both

respiratory rate and recÈa1 temperature' Parâmeters which have been used

as indicators of an animals ability Ëo modulaËe heat stress (rindlay,

1g63; Hales, 1969). Those animals receiving ergot exhibited respiratory

rates of over 100 respirations/minute while control animals reached

maximum values of 60-80 respirations/minute. Excess salivation and a

notable exciteabiliÈy were also associated with the ergot diets' Rectal

teEperatures of ergot treated animals rose by a raÈe approxinately two

fold that of the controls, O.O58oC/15 minuËe interval as compared with

0.021'C /I5 minute interval.

An analysis of the rise in surface body temPerature showed no

significant differences among Ëreatment grouPs, however' average surface

tepperatures for the entire three hour period ¡¡ere 0'75oC higher in groups

receiving ergot. No treatment differences were found for cardiac and

sweating rates.



l3

Respiration rates taken in outdoor pens on four warm days (27"C)

confirEed the findings of the heat stress Ëest. Values were posiÈively

correlaÈed with ergoÈ content of the diet.

. bfoore (1975) reported much the same pattern as that found by Cowan

and Phillips. Heat stress, increased rectal temPeratures and increased

respiraÈion rates r¿ere observed in heifers, steers and sheep receiving

O,¡Oi(, 0.525i4 and 0 .307. etgot resPecÈively. The steers, however, exhib-

ited a decrease in heart rate. A fourth grouP, comPosed of bu1ls, showed

no significant differences between controls and animals receiving 0.30%

ergot.

General observations of the pens by both Cowan and Phillips, and

lfoore were contrary tothoseof Dinnusson et al. (1971). The animals

did not exhibit haircoat retention or an increase in water consumption

and urination. These symptoms may only appear during long term feeding

of ergot at levels greater than 0 .5% and of sirnilar toxicity to that

used in the earlier exPeriment.

There are other rePorÈs of heat and hurnidity stress and hyper-

therrnia in cattle and sheep fed low levels of ergot but in many cases

these are associated Iùith symPtoms that have been reported for acute

poisoning. skarland and Thomas (L972), for exanple, found increased

rectal temPeratures and respiraÈion rates, profuse salivation, and heat

stress in heifers fed diets containing 0.8% or 1.67. ergot' At the higher

level lameness and gangrene of the tail appeared in several of the animals'

At the lower leve] t\+o cows were rePorted as "walking stiffly". IÈ is

not clear to ÌJhat exÈent these pathological conditions are involved in

the observed impainnent of teroperature regulation. Gertainly fever,

and perhaps polypnoea, would be expected as a resPonse to gangrene.
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Enviromental conditions whieh a11ow the fullest exPression of

ergot toxicity may include cold tetrPeratures as well as Þ7al1n' In an

experiment by Greatorex and Þfantle (1973) ergot was well tolerated by

sheep at pasEure in mild weather or loosely housed' even at levels thought

to be potentially letha1. Severe lameness and intesÈinal inflamration

occurred in one anirnal exposed to co1d, wet pasture conditions. The

authors suggested that vasoconstriction due to ergot alkaloids were

additive resulting in the progression of a lameness/gangrenous syndrome.

This avenue ofresearchhas not been explored further.

Chemistry

Ergot sclerotia are toxic because they contain pharmacologically

active alkal0ids. Individual and total content of these alkal0ids varies,

as indicated earlier, with location, climate, and with the host plant'

Some species of ClavicePs will produce a considerable nurnber of alkaloids

while others produce only one (see Lorenz, L979) ' A few are totally

incapable of alkaloid production. During Èhe life cycle of ergoÈ only

the sclerotial sÈage produces alkaloids (Sim, 1965)' Neither the "honey-

dew,, nor conidia have been found to contain any of these compounds'

The alkaloids which have been isolaËed from ergot are all deriva-

tives of the four ring structure of ergoline (figure 1). The Èwo najor

groups are a.ines of lysergic acid. I{ithin each of these grouPs' t!¡o

series of optically activen isomeric alkaloids are found' The levorota-

tory or l-forns are phararnacologically active and believed to be naturally

occurring alkaloids. The dextrorotatory or d-forns are coropletely

inactive and are probably the resulÈ of chemical manipulations (Brazeau'

1g7O). The former are designated by the suffix rt-inerr in their
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Figure 1. structural relationship between ergoline and

three biogenic amines: noradrenalin,
dopamine, and serotonin (From Berde, 1980)
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nomenclature, the latter by the suffix tt-inine".

lSrdrolysis of the first grouP yields lysergic acid and an amine,

consequently they are designated as amine alkaloids (Brazeau, 1970).

The second group conÈains alkaloids of higher molecular weight and

hydrolysis yields lysergic acid, proline, another L-anino acid and an

a-keto acid (Floss and Anderson, 1980). These alkaloids are known as

amino acid alkaloids (Brazeau, 1970) or peptide alkaloids (Floss and

Anderson, 1980). Individual structures of the six most comnon alkaloids

are silorr'n f-n figure 2 along with the structure of lysergic acid f or

comparison.

A third group of alkaloids, the clavine series, are r¿ater-soluble

derivatives of ergoline which do not yield ì-ysergic acid upon hydrolysis.

One member of the series, Agroclavine has been shown to possess stiuu-

lating activity on the rabbit uterus (Sim, 1965) but for Èhe most part

other clavine alkaloids are not. as active as the lysergic acid amines.

Claviceps species which produce lysergic acid amines do not usually

produce significant amounts of the clavíne alkaloids.

the variety of ergot alkaloids has been extended by the production

of several serni-synthetic compounds for medicinal uses. Saturation

of the C9 - C10 double bond in lysergic acid has produced a series of

stable dihydrogenated alkaloids which differ slightly from the parent

compounds in terms of pharmacological action. Lysergic acid may also

be combined ¡¿ith amines other than those found naturally. Lysergic

acid diethylamide and methylergonovine are examples of this procedure.

Methylation of the indole nitrogen of nethylergonovine has produced

one other widely used pharmacologically active alkaloid called methyser-

gide. These compounds are shor¿n in figure 2,
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Figure 2. Ergot Alkaloids (Brazeau, 1970)

The dotted enclosure indicates
the Èryptamine-like portion of
the alkaloid

The dihydrogenated derivatives
differ only in being saturared
atC9andCÌ0
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Absorpt.ion, Breakdown and Excretion

Much of what is knor¡n about the meÈabolisrn of ergot alkaloids

is a result of the medicinal use of Èhese compounds. In general,

alkaloíds of higher molecular weight are poorly absorbed fron the gasËro-

intestinal tract. An effective oral dose requires I to 10 times as much

alkaloid as an effective intramuscular dose and even then the resulting

action is delayed and unpredictable (Brazeau, l97o; Nickerson, 1970) '

In the rat, 5 to IO7" of a dose of radiolabelled ergotamine perfused,

in situ, through the small intestine, is absorbed in the first 10 ninutes

(Franz et al., 1980). AfÈer 60 minutes Èhe greater Percentage still

remains unabsorbed. Metabolic degradation of pePtide ergot alkaloids

apparently does not occur in Èhe small intestine as degradation products

are not detectable (Franz et al., 1980). Ergonovine, an amine alkaloid,

is rapidly absorbed, however, and onset of action occurs r¡ithin ten

minutes (Brazeau, 1970).

The extraction and absorpËion of alkaloids from sclerotial tissue

in the gastrointestinal tract has not yet been extensively studied'

Balance experiments with pigs, fed freshly milled ergot aË the 47" IeveL

w/w, have shor¿n that 90% of the total alkaloid content may be absorbed;

707. from the stomach, the remainder from the snall inÈesfine (l{hittemore

et al., Lg76). In ruminants such as sheep' ergotanine in soluÈion and

admininistered orally is far nore toxic than an equivalent amount of the

alkaloid administered in sclerotial tissue (GreaÈorex and Mantle' 1973).

It has been suggested that rrmen conditions during the acÈive fermentation

of pasture grass allow Èhe trost efficient extraction of alkaloids due to the

rapid release of organic acids (Greatorex and Mant1e, 1973). It should also

be remembered thaÈ the possibility of microbial modification of the alkaloids
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in the rumen existsu and that derivatives of either greater or lesser

potency may be produced (Mantle, 1969).

Fo1-lowing absorption, ergot alkaloids are rapidly degraded in

the liver (Brazeau, 1970; Nickerson, 1970). Clavines and amine alkaloids

are metabolized mainly on the ergoline moiety while for peptide alkaloids

the biotransformation occurs on the proline segment of the peptide moiety

(KiecheI, IgTg). The pathways of degradation may vary with species.

Ergot alkaloids have been isolated in most body tissues including

the brain r¡here until recenÈly penetration of significant amounts

had not been demonstrated.

Routes of excretion vary with the alkaloid and noÈ apparently

with the form of administraÈion. SenisyntheÈic clavines are excreted

nainly inurinewhile naturally occurring peptide alkaloids are excreÈed

in bile. Lysergic acid and amine alkaloids are intermediate in character

(fieche1, TgTg). Alkaloids present in fecal material may therefore

be the result of a combination of incornpleÈe absorption and biliary

excretion of absorbed alkaloíds, as suggested previously by Mantle (I968)

and t{hitremore er al. (1976).

Physiological Actions

The physiological activites of ergoË alkaloids have traditionally

been divided inÈo Èhree broad grouPings based on the specific site of

action (Brazeau, L}TO; Nickerson, 1970; Van Rensburg and Altenkirk,

Lg74). These are outlined in table 3.

peripheral effects are the result of direct stinulatíon of smooth

muscle and inelude vasoconStriction, uterine contraction and an increase

in peristaltic acÈivíty. All smooËh muscle is affected (Van Rensburg
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TABLE 2. Physiological Activities of Ergot Alkaloids (Frm Lorenz, 1979)

Central-nervous Medulla oblongata Lonrered blood Pressure,
bradYcardia

Inhibition of vasomotor
center and pressoreceptor
reflexes

Hypothalauus ExciÈatory syndrone

Mydr ias is

Hyperglycemia

Hypertherrnia

Hyperref lexia

Neurohumoral Myoneural junctions Serotonin antagonism

Adrenergic blockage

Peripheral-muscular Blood vessels Vasoconst.riction

Uterus Uterine contractr-on
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and Altenkirk, 1974) "

Neurohumoral effects include 5-HT antagonisn and adrenergic blockade

and result from Èhe interference, by ergot alkaloids with these amines

at receptor siEes of myoneural junctions'

Atdoses lower than those required to produce cl-adrenergic blockade,

ergot alkaloids nay still have profound effects as a result of their

actions on the CNS. Stimulation or inhibition of the rnedulla oblongata

produces voniting, bradycardia, lowered blood Pressure and a decrease

in the sensitivity of PressorecePtor reflexes while hyperglycemia, hyper-

relexia, mydríasis and an impairrnent of temPerature regulation result

from some unspecified acÈion on Èhe hypothalamus'

Ffore recently, the effects of ergot alkaloids have been examined

with the emphasis on their actions at the level of specific receptor

sites. Dopanine, noradrenalin and 5-IIT are all structurally related

ro the ergoline ring (figure 1). In vitro binding studies suggest that

ergot alkaloids have high affinities for recePtors of these monoamines'

Loew and Müller-Schweinitzer (1979) and Berde (1980) have reviewed the

pharmacology of ergot. Anine alkaloids exhibit selective and high affin-

ities for dopamine and 5-II[ receptors at PottjuncÈiona1 recePtor sites'

At prejunctional siÈes they have a high affinity for o-adrenoceptors'

Peptide alkaloids also display high affinity for o-adrenocePtors but

only at PosÈjunctional sites.

Affinity for a given recePtor site and intrinsic activity varies

with the alkaloid. Weber (1980) has hypothesized that a specific

conformation of the alkaloid backbone is necessary for successful inter-

action with a recepÈor site. If this conformation is sËericalIy hindered
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in any way then the pharmacophore in the ergolene moiety is unavailable

for any interaction to occur. Substituent side groups may enhance the

interaction, sterically hinder it, or be redundant"

Originally it was believed that ergot alkaloids acted only as

recepÈor antagonists. Sti-uulation of uterine and vascular smooth muscle

vras attributed to a direct action unrelated to either adrenocepÈors

or 5-HI receptors. CurrenÈ evidence suggests that most ergot alkaloids

ar" ".ptùle of acting as dualists (Partial agonist/anËagonist) at Peri-

pheral monoamine recePtor sites. Specific behaviour depends on the

concentration or dosage level, on the organ and on the species studied

(Loew and Mül1er-schweinitzer, L979). Since the population of receptor

siÈes to rvhich they have access undoubËedly varies frm organ Èo organ

nuch of the r¡ide range of biological activity of ergot alkaloids is

now exPlainable.

Direct stirnulation of vascular and uterine smooth muscle aPPears

to be the result of an action on Ëhe same recePtors involved in responses

to ca¡echolamines or 5-HI. Clark (1979) has reviewed cardiovascular

responses Èo ergotamine, the mosÈ Potent vasoconstrictor among the ergoÈ

alkaloids. SÈudies with isolated vessels have shonin thaÈ ergotamine

acËs through c-adrenoceptors to stimulaÈe consÈriction in veins. Con-

striction of arterial snooth muscle is due to the stimulation of 5-

III receptors.

Like ergoÈanine,

primarily through 5-HT

Yonemura, 1980). IÈ,

IChen ergotanine

ergonovine exerts its effect on coronary arÈerles

receptors (ltüller-Schr+einitzer, 1980; Sakanashi and

however, is not nearly as Potent a vasoconstrictor'

is administered there is an increase in vascular
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resistance and systeDic blood Pressure. The increase in resistance is

not uniform in all vascular beds and, within a single bed, veins may

be constricted more than arteries (Clark ' L979) ' Lesions of the tunica

intima can develop resulÈing in thrombi Ëhat may occlude smaller arteries

(Brazeau, 1970). In humans, a decrease ín muscle blood flow to the legs

has been demonstrafed following chronic overdoses of ergotaEine tartrate

(Leinonen, 1980). The effect is reversible if thrombosis has not yet

occurred.

llnder some conditions ergoÈamine nay acÈual1y lower blood Pressure'

Two mechanisms have been implicated (see cIark, L979). At low doses

ergotamine may inhibit Ëhe release of transmítter substance from noradren-

ergic nerves. At higher doses preganglionic syBPathetic nerve activity

is diminished.

The uterine stimulating activity of ergot alkaloids is perhaps

theoldest,medicinallyexploitedProPertyofthesecompounds.All

naturally occurring amine and amino acid alkaloids enhance basal tone

and both frequency and amplitude of contracËions (Berde, 1980)' However'

only at term is uterine muscle rnore sensitive than other smooth muscle'

During the third Èrimester in humans relatively smal1 åmounts of alka-

Ioid are capable of producing sustained contractions of the uterine wal1'

In early pregnancy dangerously large doses are required to elicit a sími-

Iar response. Even then Èhe effect is greater on the cervix than on

rhe uterus (Van Rensburg and Altenkirk, 1974) '

The mechanism of action seeEs to be one of direct stimulation

via c¿-adrenoceptors. In vitro experi-ments lrith intact organs have

demonsÈraÈed that the stimulating effect of ergoÈ alkaloids can be



26

blocked with a-adrenergic blocking agents such as phenoxybenzamine. There

is no relaÈionship between the receptors involved in the uterotonic

effect of oxyÈocin and recePtors which mediate the response to ergot

alkaloids (see Berde, 1980).

In the central nervous system ergot alkaloids exert many of their

effects by receptornediated interactions affecting Èhe synthesis of

gAMP (Berde, 1980). Here, as in the periphery, most are capable of acting

as dualists. UtPrichaÏd (1980) has recently reviewed ergot-CNS receptor

interactions. ExperimenEally, ergot alkaloids exhibit equal potencies

in displacing rH-agonist or 3H-antagonist ligand binding at c-adrenergic

and 5-HI recePtor sites. At dopamine sites they are slightly rseaker

inhibitors of agonisÈ binding. Most block striatal, dopamine stimulated,

adenylate cyclase activity while many also block eAMP production induced

by noradrenalin or 5-HI. Some, however, apPear to have a Partial action

in stimulating adenylate cyclase activity in the brain and retina'

I'fetabolic functions oËher ¡han cAl'fP production are also disturbed.

the sti-mulation of dopamine recePtors on prolactin producing cells results

in the suppression of hormone secretion. The mechanism of this suppression

has been reviewed by Flückiger (i980). Secretion is reduced by a reduction

in hormone granule extrusion and not by an immediaÈe reduction of hormone

synthesis. There is no evidence ÈhaË an increase in cAlfP is involved.

Whether or not the hypophyseal acEion of the alkaloids is augoented by

suppression of the prolactin releasing factor at the leve1 of the

hypothalarnus has not been answered'

Alrernatively, the stinulation or inhibiEion of pre- and Post-

junctional monoanine recePÈor sites nay lead to a reduction of nervous
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ímpulse flow. This explanation has been given by Corrodi et al. (1975)

to account for the observed decrease in 5-IfI release and Èurnover in

5-II[ neurons following Ëhe in vitro administration of ergocornine. It

is readily apparent that an action of this nature in either the medulla

oblongata or hypothalamus could produce the effects listed earlier. For

example, considering the role of hypothalanic monoamines in the integration

of sensory input and mediation of temperature response (to be discussed

later), it is not surprising that ergot alkaloids can cause a generalized

impairment of tenperature regulation.

Vasomotor Function and Thermoregulation

In endothermic aninals a relatively consÈant body temperature

is mainËained by balancing Ëhe rate at which heat is lost to the

environment with the rate at which heat is gained through netabolic

processes. A rise in body Èemperature can indicate either a rise in heat

production or a decrease in heat loss. the converse is true of a decline

in body tenperature.

The thermoregulatory profile for a hypothetical endothern is

illustrated in figure 3. The thermoneutral zone (TNZ) rePresenËs

the anbient temperature range of ninirnal energy expenditure for thermal

regulation. It is within this range that vasomotor adjustnents are

made to regulate heat exchange between the body core and periphery and

between the body surface and the environment.

The naintenance of heat flow away from the body is dependent upon

the existence of an adequate thermal gradient. Under most conditions

the gradient beiween the body surface and the environmenÈ is sufficient



28

Figure 3. General thermoregulatory profí1e for a hypothetical
endotherm indicating primary effector rePonses
(Elizondo, 1977)
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to ensure a continual net loss of heat frou¡ the body surface' The raÈe

of this loss is dependenÈ upon physical factors affecting conduction,

convection and radiation. These include environmental "coldness" and

the degree of thermal insulation provided by the body covering' Environ-

mental "coldness" in Èurn is influeneed by air temperature, wind velocity'

precipitation and radiation exchange'

The deeper tissues of the body are unable to lose heat directly

to the environment.. Instead they rely on the continuous removal of endo-

genous heat by the circulating blood. The rate of heat flow from these

tissues is dependent upon the extent and tone of the capillary bed, the

rate of flor¿ of the blood and on the temperature of the arterial supply

(B1igh, i973).

At the lower end of the thermoneutral zone Ehe rate of heaÈ loss

from Èhe body surface increases in accordance I'ith physical principles

as the anbient temperature declines. An aninalts first resPonse is to

resist this increase in heat flow away from the body by increasing its

thermal insulation. In terms of vasomotor adjustnent, this may be

accomplished by the constriction of blood vessels supplying the skin

and extremities. I.Iebster (I974) has def ined the extremities as "those

parts of the head and lirabs which have little muscle or visceral tissue

capable of producing heat itt titn". Thus the anaEomy of these regions

dictates that they rely on their blood supply to provide heat. Con-

sÈriction of the appropriate vessels results in a lowered surface

and tissue temperature and a reduction in the gradient between the

surface and Ëhe environment. Considering the high surface-to-volume

raÈio and the rnetaboiic expense thaÈ woul<i be involved in maintaining

elevated limb temperatures in the cold, it is not surPrising Ëhat
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regional heterothermy is utilized as a najor heat conserving mechanisn.

If ¡shole body conductance is measured as an index of vasomoÈor

variability, it becomes aPParent that a temPerature exists below which

conductance is minimal andconsÈant, indicating a state of naximal peri-

pheral vasoconstriction (Elizondo, L977). lhis point corresponds to

the point at which an increase in heat production is necessary to com-

pensate for the increase in heat 1oss, and is termed the lower critical

temperature (LcT).

At Ëhe upper end of the TNZ peripheral vasodilation occurs and

thinly furred appendages and other body surfaces act as Ports through

which body heat can be lost. Blood flow is reduced to regions other

than those directly concerned with Ehe production of heat or its dis-

sipation. As with vasoconstriction' a temPerature exists above which

the response is maximal and no longer effective in maintaining thermal

balance. This is the upper critical Èemperature (ucT). At higher

ambient Èenperatures evaPoraÈive cooling is generally utilized to increase

heat loss.

Low Temperature

Peripheral Vasomotor ResPonse. Skin tepperatures of sheared sheep exposed

to cool or cold environmenËs have been measured in a nr¡mber of studies'

Joyce and Blaxter (1964) demonstrated that ¡¿hen sheeP were exposed to

air tenperatures just above freezing, ear and leg temperatures fel1 to

rsithin 2 or 3oC of ambient. At air tenPeratures below OoC no further

cooling occurred. sykes and slee (1968, 1969) recorded an I ' 10oc,

20nC and 20 - 25oC drop respectively in rnidside' ear and foot skín
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tenperature when sheep rdere exposed to 8oC. They attributed the fa11

ín midside tenperature to the direct effect of greater heaÈ loss raËher

Èhan to vasoconstriction (Sykes and S1ee, 1968).

$IebsÈer (1966) exposed sheep to a sudden drop in anbíent temperature

and measured the time elapsed before re-establishment of thermal equilibriuro.

When the exposure temperature rùas OoC or above, the skin temperature

of the shanks cooled slowly to reach a steady state 3oC above aubient

after about 120 minutes. The rate of cooling was independent of fleece

length and the shape of the cooling curve depended upon the initial vaso-

motor tone of the limb. The fa11 in skin temperature of the shank following

exposure was.roughly exponential if the leg was inítially vasoconstricted.

If the leg was vasodilated, exposure resulted in a fairly rapid faII

in skin temperature as vasoconstriction occurred, followed by a slower

approach to equilibriu¡o. I{hen sheep were exposed to air temperatures

belo¡,¡ 0"C, approximately 90 ninutes t¡ere required to attain the liuit

in shank cooling. In contrast to the patLern observed for skin tenpera-

ture of Èhe shank, the time taken for mean skin tetrperature of the Erunk

to equilibrat.e was dependent on the f leece length. I{hen exposed to

tenperatures of 2"C, shorn sheep exhibited a rapid fa1l in skin tempera-

ture of the trunk, 907. of the total fall taking place ¡¡ithin 10 minuEes.

trilhen fleece depth was between 25 and 40 m, 40 minutes hrere required

to atÈain an equivalent proportion of the toÈal response. As in the

study by Sykes and Slee (1968) the implication is that Èhe fall in mean

trunk skin temperature is more a result of heat loss Èhan decreased blood

f 1or¿.

Three other areas Ëhat have been investigated as potential sites

for regulating heat loss are the scroÈrün, Èhe udder and the horns, wtten
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present. The scrotìÐ conÈaíns the paupiniform plexus which functions

as a heat exchanger to keep the testes cooler than body temPeraEure

(Smirh er aI., 1978). This in itself leads to a reductíon in heat loss

fron the scrotum. The additional saving to be had by employing extensive

vasoconstriction in the scrotum during cold exposure might r¿e11 be negli-

gible and its seerns likely that Èhe specific temPerature requiremenËs

of sperm producÈion preclude its use.

The observation in the sheep that udder surface teuPerature does

not change much with changing environnent.al temPerature has led

Snith et al. (1978) to suggest that, like Èhe skín of the Èrunk,

the skin of the udder is not under vasomoÈor control. Thompson (1980)'

hor¡ever, r{as able to shors that cold exposure significantly reduced blood

flow to the skin of the udder, and to the teat' by approximately the

same ar¡ount as it reduced flow to Èhe skin of the leg. This reduction

in flow r.¡as balanced by an increase in blood flow to adipose tissue such

thaE total blood flow to the udder was unaffected. The author concluded

that vasoconstriction in udder skin of the sheep is a mechanism for

reducing heat loss in much the s¡me lday as it is in the skin of the leg'

In goats, Thompson and Thomson (1977) have demonstrated that during

lactation cold exposure nay cause a significant decrease in Èotal udder

blood flow.

In the horns of the goat, it has been shown that vessels constrict

in response to cold (Taylor, 1966), however, Èhis constriction can be

overridden by exercise. Four percent of the running heat production

of the goat may be lost through the horns at ooC. Cessation of exercise

results in a transitory increase in flow before vasoconsÈriction once

again seÈs in.
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Counter Current Heat Exchange. A mechanism that has been postulated

as an import.ant factor in decreasing heat transfer from the extremities

to the environment in conjunction with vasoconstriction is that of counter-

current heat exchange. The operation of the heat exchange system has

been sr.¡marized by Richards (i973) and Schmidt-Nielsen (1975) . When

the conservation of body heat is important, superficial veins in the

limbs constrict and force blood to flor¡ through deeper vessels lying

adjacent to the arteries that supply Èhe appendages. A large proportion

of the heat contained in the blood is thus able to be transferred to

the cooled blood returning from the periphery. Since the flows of r¡arm

and cool blood are in opposite directions, this type of heat exchanger

is called a counter-current heat exchanger (Scholander and Schevi11,

19ss).

A steady state longitudinal Èemperature gradient nay be reached

afÈer some time, dependíng on the conditions for heat exchange between

the Èwo vessels and on their length. fire final result is that blood

returning to the core has suffered less of a drop in temperature than

would be the case in the absence of the heat exchange system' Since

heat loss from the limbs is proportional to the difference in tenperaÈure

betweeen the blood entering and leaving the 1imb, the counter-current

effect represents a significant saving in heat loss not only from the

linb but frou the aninal as a whole.

There are lDany reports in the literature of specific exanples

of this, and similar mechanisms. In the flippers of r¿ha]es each artery

is completely surrounded by veins in such a fashion that in a cold

environment heat can only be transferred to Èhe venous bloo<i and noE

to the environment. Under warm conditions blood is shunted to superficial

veins to faciliraÈe heat dissipation (scholander and schevi1l, 1955).
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In the sloth Èhe artery Èo the foreleg splits into numerous small

paralIel vessels which intermingle rsith an equal number of veins.

Scholander and Krog (1957) have demonstrated the effectiveness of this

arrangement by im-ersing Ëhe foot of a sloth in ice water and measuring

blood tenperatures. Above the heat exchanger venous temperature is almost

equal to core temperature. Belor¿ the heat exchanger blood t.enperatures

drop off sharply.

The most effective heat exchange systems incorporate complex

networks of small arteries and veins in place of parallel axial vessels.

Such a system, called a rete mirabile provides a greaÈly enhanced area

of contacÈ across which heat transfer can occur. They are most notably

found in the legs of aquatic and wading birds. Kahl (1963) uras able

to deuonsÈrate a marked drop in leg surface temperature of the stork

in the vicinity of the rete while Scholander (1955) showed that a gull

placed with its feet in ice water for 2 hours lost only 1.5% of its

netabolic heat production fron the feet, an amount he considered

insignificanË.

CounÈer-current heat exchangers have also been attributed to most

arctic ¡¡¡mm¿fs and birds (Scholander and Scheville, 1955), ungulates

such as sheep (trùebster and Blaxter, f966) and even man (Thauer, 1963).

However, it now seens likely that in rnany cases the observed longitudinal

temperature gradients may have been the result of physical parameters

affecting heat flow away from the limbs rather than the result of counter-

current heat exchange. In a biophysical analysis of poÈential biological

heat exchangers, Mitchell and Myers (1968) concluded that the usual

anaÈomical arrangement of arteries and veins was not conducive to heat
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transfer. They went on to add that only in specíalízed anat.omical

strucÈures, such as the reÈe, where conductance betr,Jeen arteries and

veins is high, could significanÈ counter-current heat exchange occur.

They dismissed entirely the existence of a heat exchanger in the forearm

of a man or in the fluke of a porpoise but confirmed the significance

of the system in the sloth.

This analysis has been largely ignored. In the opinion of Mitchell

(L977), until such time as its shortcomings are made public, 'rone must

conclude that countercurrent heat exchange cannot occur in animals, no

rDaËter how attractive the anatomy might appear".

Cold Induced Vasodilation. The tenperature of the extremities in cold

exposed endotherrns is often very near freezing as a result of peripheral

vasoconstriction and, in some cases, counter-current heat exchange.

Protection of the tissues from damage by fleezíng is dependent upon very

precise reguration of the blood supply Èo a degree that keeps their

temperature above 0oC. Should the degree of chilling become sufficiently

intense then the cold-induced vasoconstriction is released and replaced

by cold-induced vasodilarion (CI\D).

This phenomenon was first observed in 1930 by Lewis who described

fluctuations in skin temperature of a hr¡man finger í-n¡mersed in ice vrater.

The initial response of rapid cooling Èo about l"C was followed by a

sPontaneous rev¡arming after 10 to 15 minutes of exposure. Skin tempera-

tures rose to 8 to 10oC and then began an exponenÈial descent. The

Pattern repeated ítself in a rhythmic fashion which Lewis termed the

tthunÈing phenomenontt.

CoLd induced vasodilatÍon has also been observed in the ox (Ingram and



37

trIhittow, 1963) o the cat (Schwfngha¡uer and Adams, 1969) , the rat (Brovm and BausË,

1980) and ín many other species, but not always in the form described by Lewis.

Webster and BlaxÈer (1966) found that in sheep exposed to subzero tempera-

tures, the Èemperature of the extremities was maintained above freezing

by several mechanisms. In the ear classical "hunting" reactions were

observed. Also in the ear, and occasionally in the limbs, single sharp

increases in surface temperature were noted. These could take either

of two forms; a sudden rise in temperature of about 15oC followed by

an exponential decline over a period of 50 minutes, or a small, slower

rise of less than 5oC which lasted under 20 minutes. Finally, at

temperatures below -5oC, blood flow in the 1i:¡bs increased continuously

in proportion to heat loss and surface teEperatures were maintained above

freezing without marked variation. Sinilar observations have been made

by Sykes and Slee (1968), Slee (1968), andMyer and Webster (t9Zf), the

latter reporting that these different patÈerns of CIVD were characteristic

of individual sheep and were not attributable to breed'differences or

previous thermal history.

Cold lnduced vasodilation may occur synchronously in contralateral extrem-

It,les as has been founcl in oxen (Ingram and hlhl-Ètow, 1963) and rats (Brown and Baust,

1980), orasynchronously as has been observed in sheep (Myer and Ïdebster,

1971).

Hígh Temperature

Peripheral Vasomotor Response. In mammals the epidermal vasculature

consists of a rich sysÈen of capillary loops supplied by arteries and

arterioles lying deeper in the dermis. In sotre cutaneous regions, Eost
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notably on the extremities, there are anastomoses connecting the art.erial

and venous supplies, bypassing the capillary loop. Ihese arteriovenous

anastomoses (eVes) are muscular and welI innervated and are capable of

rapidly altering the amount of blood flowing through the extremities.

the irnportance of thinly furred appendages as ports through which heat

nay be lost has already been noted and ít seens like1y that AVAs function

in regulatíng heat exchange with the environmenÈ.

I.Ihittow (1962) observed large differences in the surface lenpera-

tures of the extrenities of the ox beÈween environments that differed

only 5o within the range of -5" to 25"C. He concluded that Èhese

differences were due to variation in the amount of blood flol¡ to the

extrenities. In contrastrsurface temperature of the trunk changed by

relatively sma11 auounts. Above an ambient temperature of 25"C changes

in the skin temperature of the extremities were relatively snall and

parallelled changes on the trunk, indicating that a maximal response

had been obtained.

Hales (1973a, b) has used radioactive microspheres to demonstraÈe

the relat.ionship between AVA blood flow and sinilar tenperaÈure patterns

of the extremiLies in the conscious sheep. The fraction of the total

cardiac ouÈput passing through AVAs greater than 15 Un in diameter ranges

from 0.67" to 4.07" ín a thermoneutral environment. This value rises

naximally to 14.5%and 22.2"/. in mild and severe heat respectively. Heat

exchange may occur t¡ithin the open AVAs or, more likely, within the veins

after the blood has passed through these low resistance pathways (Hales,

L974).

Paradoxically, the openings of AVAs during heat sLress, may in
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6ome instances be induced by loca1 cold stinuli. In animals that pant,

protrusion of the tongue during open Eouth breathing causes a marked

reduction in surface teroperature. Kronert et al. (1980) have shown that

a stepwise reduction in the tongue surface temperature of the dog, from

40oC to 28oC, results in an increase in total lingual blood flow that

is entirely due to an increase in flow through mucosal AVAs. This

increase in flow aids in the dissipation of heat via evaporative cooling.

The relatively small .drop 
in temperature required to produce

dilation of AVAs in the tongue contrasts wl-th the reporÈed effects of

local cold stimuli on AVAs of the extremities. OnIy during a very strong

1ocal cold stimulus do these dilate. Replacement of cold induced vaso-

constriction by cold induced vasodilation has already been discussed.

At anbient temperatures greater than body temperaÈure normal heat

flow patterns are reversed and the body gains heat from the environment.

Hales (L973a, b) noted a decline in Èhe percentage of cardiac ouÈPut

passing through AVAs in Èhe sheep during the advanced stages of severe

heat stress. Concomitantl-y, a declíne in blqod flor¿ to the sl:in of

the extemities was observed. Hammel (1968), in his review of temperature

regulation, noted that species as divergenÈ as the jackrabbit and the

ostrich rrere capable of reducing blood flow to the extrenities at high

ambient temperatures. This apparent heat induced vasoconstriction may

represent. an attempt to minimize the uptake of heat fron the environment

under these conditions or may be the result of changes in the concentra-

tions of circulating metabolites and hormones (HaIes , 1974).

Carotid Rete. Many animals that rely on Panting to cool themselves

Sheep, for example,exhibit an unusually high tolerance to heat stress
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naintain a lohrer core temperature in response to a standard heat exposure

than most other memmals and do not exhibit neurological signs of hyper-

thermia until recÉa1 tetrperature is quite high. Lee (1950) reported

that sheep were able to tolerate rectal temPeratures of uP to 43.3"C

before signs of muscular weakness and incoordination were evident. Mice

and rats exhibit similar symptoms at a rectal temperature of 4I.7"C

(Baker and Hayward, 1968b).

It has generally been ¿ssrmsd that the temperature of central

arterial blood is the sâme as that of the blood perfusing the brain.

Hemingvay et a1. (1966) r¿ere able to shor¿ that brain temperatures in

sheep were 0.2 - 0.5oC less than rectal temperatures. In the African

ungulate, Thomsonfs gazelle, central arterial blood Èemperatures have

been observed to rise from a normal 39"C to 44"C following 5 minutes

of running at a speed of 40 kn/h (Taytor and Lyman, 1972). In the

same experiment, brain temperature did not rise above 4L"C, a level

considered safe.

This dissociation of brain tenperaÈure and deep body tenPerature

is a result of the presence of an arterial plexus called the carotid

rete, interposeåbetween extracranial and intracranial arteries. In the

cat, this rete lies extracranially in a venous lake associated ntith the

pterygoid plexus of veins. In the sheep, goat, ox and pig, the carotid

rete Líes intracranially in the cavernous sinus (Baker and Hayvard,

1968a). The blood flowing through Ehe reÈe is cooled by the venous

blood returning from the nasal mucosa and the skin of the head (Baker

and Hayward, 1968a, b) or by blood draining frorn the horns when present

(Taylor, 1966). VasoconsÈrietion of the nasal rDucosa and of the skin

of tÈe head results in an increase in cerebral arterial blood temPeraËure
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and in the tenperature of the brain (traker and Hayward, L968a, b). Air

blot¡n artificially across the nasal ruucosa of anaesthetized sheep produces

the opposite effect, a drop in brain and cerebral blood ÈemPeratures.

This selective cooling via counter-current heat exchange blood perfusing

the brain is a major factor in the regulation of hypothalamic temPerature.

As such it should be considered in any discussion of thermoregulation in

animals possessing a carotid rete.

Distribution of Cardiac OutPut

Changes in peripheral vascular resistance in response to changing

ambient temperature fnust be compensated for by reciprocal alterations

in resistance of deep vasculature. Thompson (1977> has reviewed the

effects of cold exposure on Èhe relative distribution of cardiac outPut.

In a cool neutral environment, when vasoconstriction occurs but shivering

does not occur, total peripheral resistance increases' cardiac output

falls and blood pressure remains constant. Hepatic portal blood flow

probably increases. At temPeratures low enough to elicit shivering,

resistance to flow through muscles and some other tissues falls Eo Ehe

extent that total peripheral resistance fa11s. Concomitantly, an increase

in cardiac output (CO) and blood pressure occurs. In man the increase in

CO is due to an increase in stroke voltme with little increase in raËe.

In many animals, such as cattle and sheep, the opposite is true' Heart

rate increases and stroke volt¡ne may even decrease slightly.

Regions thaË receive an increase in blood flow during cold

exposure include skeletal muscle, hearÈ, diaphragn, whiÈe and brov¡n

adipose tissue, kidneys, adrenal glands, viscera and liver. Expressed

as a percenËage of cardiac outPut' the muscular organs receive a greater



42

fracÈion, Èhe int.ernal organs and skin a sroaller f raction.

The changes in distribution of cardiac output during mild heat

stress are the exact opposiÈe to those described above with respec! to

some regions. Hales (I973b, c) found a decline in the percentage of

CO perfusing non - respiratory muscle fron I4i4 to 7% when conscious sheep

were exposed to an environmental tenperature of 40oC. Blood flow to

skin of the extremities, to respiratory Euscle, to Èhe naso-buccal region

and thror¡gh AVAs all increased. The fraction of C0 dístributed to

the heart, brain and spinal cord fell slightly. AbsoluEe values of

cardiac output. did not change significantly between a thermoneutral

environmenË and conditions of mild heat stress.

During the advanced stages of severe heat stress, Hales (1973b)

observed a decline in the percentage of C0 passing through the skin

and through AVAs greater than 15 Un in diameter. Blood flow Èo Èhe

naso-buccal region ¡¡hich had increased only slightly during mild heat

stress increased greatly during severe heat sÈress to allor¡ for heat

loss via panting.

Nervous ConËro1

Vasomotor adjustnents Èo regulate heaÈ f lor.¡ beÈween the body core

and periphery and between the body surface and the environment occur

over the relatively narroer range of environmental temPeratures that

delineate the Èhermoneutral zone. The mechanisms which mediate changes

ín peripheral vasomotor tone (PVlfT) must therefore be sensiÈive to small

changes in either peripheral tenperature' core ÈenPerature, orboth-

:-r--^^J ^-'-^-.1 - 1.i..^¡-fn-augf (fyOJ,, naS feV]-eI¡IeO EeIUPeli1Lurc lrruuucu urruuteLvrJ oqJuÞL

ment.s in man. Blood flow through the extremiÈies increases wiÈh increasing
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locaI t.emperature and converselyo decreases with decreasing 1oca1 tenper-

aÈure. Numerous investigations have revealed that, apart from an initial

period of naximal vasodilation, the above response can be demonstrated

following sympathectony. A possible explanation for these 1oca1 effects

has been described by Richards (1973). The acÈivation of tenperature

sensitive nerve endings results in an impulse passing towards the spinal

cord but, instead of completing a norual reflex arc through the CNS,

the impulse t.ravels anti-dromically down other branches of the sane fibre

to receptors on or near cutaneous arterioles. The arterioles then

respond as if normal sympathetic innervat.ion were intact. This phenomenon

is termed an axon reflex

Alternatively, amyogenic mechanism, whereby intrinsic Ëone is

sensitive to smal1 changes in temperature, trây function in rnediating

local temperature effects. In the rabbit, a segment of the facial vein

has been identified which apparently acts as a temperature sensitive

sphincter controlling the distribution of blood between superficial and

deep venous drainage systems in the head and neck (hlinquist and Bevan,

1980). A1Èhough richly endorsed with sympathetic nerve endings, nyogenic

tone of the segment resPonds to very small changes in temperature'

independenÈ of synpathetic innervaÈion. CIearly, further experimentation

is needed to elucidate the interaction of these mechanisms and to investi-

gate the possibility of a contribution of vasodilator meÈabolites and

reduced blood viscosity (Etizondo, 1977).

Local effects of temperature on peripheral blood flow nay be

nodified by the general thermal state of the body. As environmental

temperature increases, blood flow through the hunan hand increases

regardless of local temperaÈure (see Thauer, 1963). Iùtren vasoconst.rictor
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tone is diminished by whole body heating, local heating effects are

potentiated. Sirnilarly, local cooling effects are potentiated if the

body is cooled.

The response of cutaneous blood vessels to local temperature change

is not restricted to the area of the skin heated or cooled. This inter-

action of local and whole body Èemperature effects is mediated by sympa-

thetic nerve fibres to the skin and possibly to sweat glands. An area

of controversy exisÈs regarding the mode of action and relative role

of vasoconstrictor and vasodilator nerves in the control of peripheral

vasomotion. ExperimenEs designed to determine whether vasodilation occurs

actively or passively as the result of an inÈerrupËion of spopathetic

vasoconsÈrictor tone have indicated thaÈ the mechanism differs from

site to site and perhaps betv¡een species.

In man, s¡rmpatheÈic blockade produces a rise in skin temperaÈure

of the hand equivalent to Èhat induced by indirect whole body heating.

In contrast, the skin of the forearm exhibiÈs a secondary rise in tempera-

ture in response to whole body heating that is abolished by sympathetic

blockade. These resulÈs indicate that in the hand cutaneous vasodilation

occurs due to a decrease in -vasouoÈor tone while in úhe forearn ft

involves boÈh passive and active processes (Thauer' 1963).

The release of bradykinin by sweat glands has been suggested by

some authors as the mechanism responsible for forearm cutaneous vaso-

dilation. According to this theory only the glands themselves are directly

innervaÈed and controlled by sympathetic cholinergic nerve fibres.

Elizondo (L977> has revieured a nurnber of experimental observations which

contradict this hypothesis and has discounted it entirely.

StimulaÈion of specific sites in the hypothalanus of the dog evokes
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cutaneous and muscular vasodilation of the hindlinb (Lang.t el., 1976).

the existence of vasodilator fibres in the sympathetics of skeletal

muscle has also been demonstrated in the cat, fox, jackal and mongoose

but not in the rabbit, hare, badger, skunk, lemur or monkey (Uvnäs, 1966).

These tracts are cholinergic in some instances (Uvnäs, 1966) but evidence

is accr¡mulating to suggest that other neuroÈransmitEers may be involved.

Treatment with atropine eliminates Èhe vasodilatory resPonse to stimula-

tion of some hypothalamic sites in the dog but not all (Lang et a1.,

1¡g76). Other dilator responses are abolished by intra-arterial adnini-

stration of dopanine and antihistamine anÈagonists (Lang et al., I976).

Brody (1966) concluded, as a result of his experiments on neurohumoral

mediation of acÈive reflex vasodilation, that the evidence sErongly

implicates histamine as the neurotransmitter released frorn symPathet.ic

nerves during vasodilation.

It has already been noted that exPosure of any part of the body

Èo a change in tepperature results in changes in circulation, not only

local1y, but to other regions as wel1. This observation inplicates the

involvement of neural reflexes, initiated fron both peripheral and central

thermal receptors, in the mediation of changes in P\IMI . The role of

hypothalarnic thermal receptors in vasomotor adjustment to teEPerature

change has been investigated in several species including the ox (Ingram

and l[hittow, 1962) and the pig (Baldwin and Ingram, 1968). In general,

a change in hypothalanic temperaÈure results in blood flow changes pro-

portional to the anbient temperature. At a given ambient temperature'

graded changes in hypothalamic temPerature produce graded changes in

peripheral blood flow. In the squirrei monkey, skin of boÈh the fooi

and the tail vasodilates at discreÈe ambienË ËemPerature thresholds
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(Lynch et al.u 1980). Raising the PreoPtic/anterior hypothalanic

telgperature lorøers these thresholds which are approximately linear functions

of central and mean skin temPeratures.

Cutaneous blood flow may also be influenced by central temPerature

receptors outside the hypothalamus. Ingran and Legge (J977) measured

blood ftow to the tail of conscious pigs while subjecting the hypothalamus'

the spinal cord and the skin to graded changes in temperature. They

concluded from their observations that peripheral blood flow is influenced

by arnbient tenperature, mean trunk skin temperature, hypothalamic teEPera-

tue and spinal cord temperature in addition to local temPerature of the

site under consideration. Furthermore, it appeared as if each temPeraËure

exerted its effect independent of the others. In a warm environment

where skin temperatures were elevated, cooling of the spinal cord or

hypothalanus did not result in compleÈe peripheral vasoconsEriction.

sinilarly, heating of the spinal cord or hypothalamus díd not result

in vasodilation if the environment ldas cool and skin temperature lor'¡'

The sinplest explanation of these results seens to be that input from

a variety of peripheral and cent.ral temPerature recePtors is fed into

an integrating centre where the appropriate vasotrotor response is

detemined.

HyPothalamic Monoamines and ThermoregulaÈíon

The initial discovery in 1954 that the hypothalamus conÈains

relatively large al¡ounts of the monamines adrenalin, noradrenalin (Vogt,

1954) and 5-Iil (¿nin et al. , 1954) has since led to a nr¡mber of studies

designed to elucidaÈe their role in Èhermoregulatory Processes' Feldberg

and Myers (f963 " I964a, b) began Ehis line of investigation by injecting



47

microgr¡m doses of the caÈecholamines and 5-HT into the lateral cerebral

ventricles of the cat. Each of tháse subsÈances caused regular and

predictable changes in body temperature indicating a specific action

rather than the non specific disturbance of brain function that might

be expected. Adroinistration of adrenalin or noradrenalin resulted in

a fa11 of recÈa1 temperature brought about by peripheral vasodilation

and a reduction in heat production. The opposite effect r¡as observed

with 5-IIT. Shivering, vasoconstriction and piloerection led to a rise

in rectal temperature.

In a later experimenÈ (Feldberg and Myers, 1965), similar results

were achieved by injecting the rnonamines directly into the anterior hypo-

thalamus whereas injectÍons into other regions of the cat brain had no

temperature effects. Evidence of this nature prompted the auÈhors to

suggest that Èenperature regulation is achieved by a balance in the

relative rates of release of catecholamines and 5-IfI in the anÈerior

hypothalanus. The inplication was that these substances were acting

as neurotransmitters.

Additional evidence in support of this hypothesis has been

reviewed by Feldberg (1970), Hellon (Ig72),and Bligh (1973). In the

hypothalanus these monoamines are found localized in Èerminal nerve

endings and enzymes for their synthesis and destruction have been identi-

fied. Experimentally, drugs which interfere with synthesis, storage,

release and inactivation of the catecholamines or 5-IÍI have effects on

the control of body temperature. Fina11y, it has been observed that

perfusate from the anterior hypothalamus of a cold or heat stressed animal

contains monoamines and, when infused into the anterior hypothalamus

of another animal aÈ a Èhermoneutral temperature, is capable of eliciting
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a themoregulaÈory resPonse.

A1Èhough Èhe exact pathways of temperature regulating neurons in

the hypothalamus have noÈ yet been anatomically defined experimental evidence

suggesÈ Èhat responses .to heat and responses to cold are controlled

by two distinct sets of neurons with a reciprocal inhibitory link (see

81igh, Ig73). The specific role of the puLative transmitter adrenalin,

noradrenalin and 5-ffi, in these pathways, aPPears to dif fer between species

and has been the subject of rnuch debate. Feldberg (1970) in his review

of the literature identlfÍed four broad groupings of resPonse to mono-

amines administered centrally at a neuÈra1 ambient teEPerature (figure

4). Catecholamines were hypotheruic in the cat, dog and monkey but

hyperthernic in rabbits and sheep. In Èhe rat and mouse both an increase

and a decrease in body temperature had been observed following adminisÈra-

tion. In oxen and goats catecholamines had no effect

All groups except the first responded to 5-IIT with a fall in

temperature aIÈhough in rabbits and sheep Èhe fa1l was slight and some-

what inconsistenÈ. In the cat, dog and monkey 5-HT was hyperthermic'

In some instances supposed species differences nay be attributable

to differences in dose level or Èhe prevailing alobient temPerature during

testing. A large, single dose of a monoamine night cause synaptic

blockade rather than excitation r^'hile a resPonse observed aÈ room EemPera-

ture need not necessarily be the resPonse observed above or below the

thermoneutral zone. If, for example, a monoâmine induced hypothermia

aÈ a neutral temperature by activating heat loss pathways' the response

would be attenuated or abolished aË teEperatures where Èhese Path!¡ays

were already active.
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Cat

Dog

Monkey

Rabb it

Sheep

Ox

Goat

Rat

Mouse

CATECHOLAI'IINE NONE

5-HI

Figure 4. Effect of catecholamines and S-hydroxytryPÈamine (5-FI) 
'

injected into the cerebral ventricles or direcÈly into the anterior
hypothalamus, on body temperature, in different species. (From

Feldberg, 1970)

+ 1i
I
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The relationship between ambient temperature and central transmitter

substances, in sheep, has been Èhoroughly investigated and expressed

in terms of a simple neuronal model (figure 5). Bligh et al. (1971)

shol¡ed that an inÈracerebroventricular (ICV) injection of 5-III at 1ow

ambient tenperaEures caused an increase in heat loss by panting and a

decrease in heat production from shivering. AÈ high ambient temPeratures

the animals were already panting and 5-III rsas without effect. Blood

vessels in the ear becåme dilated if they had been constricEed at Èhe

tine of the injection and if the tesÈ tenperaÈure was within or slightly

below Èhe thermoneutral zotte.

In contrast, ICV carbachol (cch), a cholinomimetic substance,

resulÈed in decreased respiraÈory evaporative heaÈ loss at high tempera-

tures and increased heat production via shivering at low ambient temPera-

tures.

Blood vessels in the ear constricted if they had been dilated

and if temperature rras within or slightly above the thermoneutral zone.

Noradrenalin exhibited a general inhibitory acÈion on the prevalent

thermoregulatory activity at any given temPerature and had no effect

on P\MI. In a later study, Tollerton et al. (1978) confirmed most of

these findings but demonstrated that, like carbachol, ICV NA caused

consEriction of dilated ear vessels within the thermoneutral zone.

The above findings have been interPreted as being indicative of the

role of 5-III as the on-line neurotransmitËer beÈween qTarm sensors and

heat loss effectors, and the role of acetylcholine (Ach) as Èhe excitatory

neurotransniËter on Ëhe heat producÈion PaEh!¡ay. Their dual actions

srranol\r ç,rooÞcr , erossed inhíbitorv link. perhaps utilizing t¡-amino-
eLtv¡Àó¿J

butyfÍc: acid as the transmitter subsfance (Bligh eÈ aI., 1979b).
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Figure 5. A neuronal format to illustrate aPParent sites of
exitatory (+) or inhibitory (-) actions of 5-
hydroxytryptamine (5-HT) , norferf luramine (NF) 

'lysergic acid diethylamide (LSD-25) 
' acetylcholine

(ACh) and noradrenalin (¡le) on the heat loss and

heaË production pathways in the hypÈhalanus of
the .sheep (From Bligh e¡ al. , I979b)
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Originally, NAwas thought to act at these synaPses but resulÈs obtained

by Bligh er al. (Ig77) supporrthealternative hypothesis that noradren-

ergic inhibitory pathways originate outside the hypothalamus and do not

form parÈ of the direct link between thermosensors and thermoregulatory

effectors. The excitatory action of ICV NA on PWII represents a specific

action on a seParate path\,Iay that may be due Èo the stimulation of the

excitatory function of another monoamine. It has not been demonstrated

that PV¡IT is under the control of centrally released endogenous noradren-

alin (Tollerton eE a1., 1978).

The concept that a serotonergic synaPse exists only on the heat

loss pathway has been compromised by the observation that centrally

administered lysergic acid diethylamide (LSD-25), a partial agonist/

antagonist of central 5-HT recePtors, and norfenflur"ine (nf¡' a drug

believed to release endogenous 5-HT, stimulates heát production (BIigh

eÈ al.,1979a). This effect persisÈs following lcv NA suggesÈing Èhat

if a serotonergic synaPse exists on thP heat production Path1'7ay it is

beyond the poínt at which NA exerts its inhibitory action' since ICV

5-III does not produce an increase in heaÈ production, the action of

LSD-25 and NF may reflect Èhe involvement of another indoleaminergic

systelD or differential accessibiliry of synaPÈic sites'
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E)PERIMENTAL OBJECTIVES

Peripherally, ergot alkaloids are known to stinulate vascular

smooth muscle vfa an action on Èhe same recePtors l-nvolved in responses

to catecholâmines or 5-hydroxytryptamine (5-HT). Constriction of the

vessels in the extrernities results in a lowered surface temperature

and a reduction in the gradient. between the surface and the environ-

menÈ. Thís action of ergot alkaloids could lead to a reduction in

therateatwhichheatislosttotheenvironmentandpresenta

challenge to strict homeoËhermy at teEPeratures which r¡ould otherwise

be considered within the thermoneutral zone ' It has also been suggested

(Great.orex and Mantle, I973) that vasoconstriction due to cold exPosure

and the disEurbance of peripheral circulaÈion due Èo ergoÈ alkaloids

are additive and could lead to the progression of a lameness/gangrenous

syndrorne or f rostbite.

Centrally'ergotalkaloidsnayStillproduceprofoundeffects

at doses lower than those required to produce sÍgnificant peripheral

effecÈs.Thestimulationorinhibitionofpre-orpost-junctional

monoamine receptor sites may lead to a reduction of nervous impulse

flow. corrodi et al. (1975) have observed a decrease in 5-HT release

and turnover in 5-HT neurons following the in viÈro adrninistraËion

ofergocornine.InsheepandcattleithasbeenpostulatedthaË5-HT

istheprincipleonlineneurotransmiÈterbetweenldarmsensorsand

heat ioss effectors. InÈerferenee v¡ith the release of 5-HT in this

Pathwaycouldresultindecrease.dheatÈolerancebutwouldprobably

not affeet thermoregulatíon in the cold'
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The objective of the present sEudy üIas to assess the extent

of any iupairment in temperature regulatíon in ewes resultÍng from

long term, low level ingestlon of ergoÈ sclerotia- The relationship

between Èhermoregulatory resPonse to a range of environmental

temperaÈures and three levels of dietary ergot was also examined in

an attempt to determine Èhe relative significance of central and

peripheral effects of ergol alkaloids on temPeraEure regulation.
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I,Í,ATERIALS AI{D METHODS

Animals

Sixteen yearlíng ewes comprising 4 Finnish Landrace, 4 Suffolk

and 8 crossbreds t¡ere allocated to four treatment grouPs of egual síze.

Each group was balanced to contain 2 crossbred animals and one each of

Finnish Landrace and Suffolk. All animals weighed between 28 and 38

kg at the beginning of the experiment. During the course of the

experiment one crossbred ewe died and was not replaced. A post mortem

examination was performed by the Manitoba Department of Agriculture.

Diet

A complete pelleted ration containing a6.8% bar|ey, 36.77. wheat,

20% chopped hay (50:so brome:alfalfa), 5% molasses and 0.5% eaeh

of rock phosphate, trace mineral mix and vitamin premix (4, D and

E) forned Ehe basis of the diet of each treatment grouP. Ground

ergot sclerotia were added to the diets of groups I, II and III to

constiÈute 0.077., O.L47. and 0.287. by weight respectively. Group

O was designated as the control grouP.

An analysis of the ergot by high Pressure liquid chrouatography

was conducted by J.C. Young (Agriculture Canada, Ottawa, Ontario).

The alkaloid spect¡rrm lsgs¡nined by this analysis is presented in

table 3 along with data frorn the analysis of heaÈ Èreated ergot

included for comparative purPoses.
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TABLE 3. ComParison of
ground wheat ergoË.

AII(ALOID

Nr:mber of Estimations
TotaI (iÁ)

alkaloid content of ground, and heated and

Sample A2

2

0.191

SanpIe 83

2
0. 188

7" of Total Alkaloids s

Ergocrist ine

Ergocr is t in ine

Ergocornine

Ergocorninine

Ergocrypt ine

Ergocryp t in ine

Ergotamine

Ergotaminine

Ergome tr ine

ErgomeÈrinine

Ergosine

Ergos in ine

7.Ll
6.30

6.32

8.16

24.O7

2r.84

7.74

5.98

4.24

r.62

3. r4

4.63

18 .59

20.79

5.37

5.77

4.90

6.16

7.98

8.56

7.62

2.38

3.64

3 .01

Ilùheat ergoE was purchased from Northern Sales' Ltd', Winnipeg'
(Original source North DakoÈa)

2Ground wheat ergoE.
3lfheat ergot heated for 18 hours
4Tr^renty sclerotia were ground for
sAnalysis conducÈed bY J.C' Young

at 60oC and Èhen ground.
each estimation.
(Agriculture Canada, Ottawa' Ontar io)
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Management and Housing

The sheep were uaintained in individual adjoining pens under

conÈinuous lighting of nedium intensity. water and cobalt-iodized

salt block were/ offered ad libitun. Animals lrere fed 1200 gralns

of the pelleted ration once daily between 8:30 and 9:30 a.m. Feed

not consumed the previous day was removed and weighed' Feeding began

in May and continued for 28 weeks following a two week adjustpent

period to Èhe pelleted ration. On occasion it became necessary to

offer smalI amounts of alfalfa hay to animals with digestive disturbances'

During ¡seeks 4 through 10 inclusive, respiratory rates of

resting animals were recorded once weekly, between 1:30 and 3:30

p.8., by observation of flank rDovements with the aid of a stopwatch.

RectaI temperaÈures were measured during Èhe same time period with

a glass-mercury thermomeÈer inserted a distance of 12 crn'

Temperature Tolerance Tests

Experimental Procedure

Temperature tolerance tests \Jere carried out in a controlled

environment (CE) chanber at 3 different environmental ËemPerature

ranges between the 19th and l6th weeks of feeding. Mean fleece length

of each treatment group during this period is indicated in table

4. All sheep were subjecÈed to mild heat (27.7"C - 3r.5oC, nild

cold (o.c - 4.5.c), and thermoneutral conditions (16.0'c - 23-6"C)

in random order. Due to malfunction of the envíronmental chamber

cooling system, dry bulb air temperature cycled about the set point

withln the range specified above. Hurnidity ltas noË conÈrolled.

Each Èest was conducted in the following manner. Ttwo sheep
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TABLE 4. Means and standard errors for fleece length.l

TreaÈment Group Number of Sheep Fleece Length
(crn)

0 2.27 ! 0.r4

2.r7 ! 0.L4

1 .95 r 0.14

2.08 r 0.16

II

III

lFleece length was measured at 18 sites on the trunk of each animal.
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rdere weighed and loosely chained in stalls within the cE

at approximately 6:00 p.n. Èhe evening bef ore Èhe test.

feed from the dayr s ration üJas transferred to the chamber

was offered ad libitr-ru. Lighting in the chamber was cont

chamber

Any unconsumed

and water

inuous and

of mediun intensity. Arobient temperature IâIas maintained overnight

within the thernoneutral range.

At 8:30 a.m. feed and v¡ater were removed, the ventilaÈed face

nask and all Èhermocouples and electrodes vJere attached and the chamber

h¡as set for the desired temPerature range. Upon reaching this range,

the animals were allowed one hour to attain thermal equilibrium.

Irfeasurements were then taken on a one hour alternating baSis over

a period of 4 hours with each hour being divided into 10 ninute inter-

vals. Thus each ani-mal r¡as contirtuously nonitored for a total of

2 hours Per test. AII recordíng equipment was located outside the

chamber.

Following completion of the test the CE chanber IJas reset

for thermoneutral conditions and the animals were returned to their

regular stalls to be fed. Two more animals were then weighed and

transferred to the chamber.

On two occasions equipment failure necessitated leaving sheep

a second night in the chamber before repairs were made and the test

conducted. On two other occasions thermoneutral tests were conducted

in an adjacent animal holding roon (4.5 n x 2.85 m) under conditions

similar to those within the CE chamber.

Ternperature Mea surement s

Temperatures rJere recorded with 24 s.!r.g. copPer-constantan

Èhermocouples cemenÈed to depilated skin under small pieces of adhesive
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tape. All thermocouples were connected to a 6 channel Speedomax

potentiometric chart recorder (Leeds and Northrup, North Wales, Pa.)

with a teEperature range of -10"C to 45'C. Surface EemPeratures

çrere Eeasured on the ear, shoulder, midside, runp and shank. Rectal

temperatures vlere determined by means of a thermocouple inserted

to a depth of 12 cm.

AI1 skin temperatures were measured on the side of the animal

toward the centre of the chamber r¡here air flow was most uniform.

It was assumed that under identical air flow conditions temperatures

on Ehe opposite side of the animal would not be significantly different.

Mean trunk skin tenperatures rrrere calculated as the arithnetic

mean of the 3 trunk EeasureuenÈs. Mean body skin temperatures were

obtained by multiplying the mean Èrunk skin temperature by 0.9 and

the Ieg skin temperature by 0.1. These coefficients rePresent the

proporEions of fleece covered and hair covered areas respectively

. 
(Blaxter et a1. , 1959) .

Regional and mean body skin thermal circulation indices (TCIs)

were calculated using the formula of BurÈon and Edho1m (f955):

T. -TsI( a
TCI =

TR - T"t

wherei T"k = skin temperature

T = ambient temPeraÈure
a

Tn = rectal tetrperature

All neasurenenLs are in degrees Celsius.

Heart Rate and ResPiraEory Rate Measurements

Heart rates were Eeasured for 2 minutes at the beginning

each 10 minute interval by means of 3 surface electrodes pinned

of

to
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skin of the chest and back connected to a Physiograph (Narco Bio-

Systems, Inc., Houstono Texas) for elecErocardiogram recordings.

Respiratory rates rdere measured at Ëhe same tirne by observation

of flank movemenÈs with the aid of a stopwatch. Each animal was

recorded as lying or standing for covariate analysis.

IIeat Production Measurements

Heat production was estimated by measuring oxygen consumption

using an open circuit ventilated mask technique similar to that

described by Young et a1. (1975). Masks consisted of a cylindrical

plastic frame 12 cm in dianeter fitted r¡ith an adjustable neoPrene

rubber cuff to provide an air seal and comfortable fit for the animal.

Inlet and outlet tubes 2.5 crn in dianeter Prolruded from Èhe bottom

of the mask in a do\rñ¡ard direction. Canvas harness straPs riveted

to the frane served to hold the mask in p1ace. Animals had been

previously accustomed to wearing the mask.

Air was drawrr through the face mask by a vacuuE Pump at an

average rate of 33 l/nin. On the inspiraËory side of the mask tygon

tubing was attached to a22,51 reservoir to ensure that expired air

driven against the direction of flow was not lost. Tubing frm the

outlet side led Èhrough a Port in the CE chanber to a cold moisture

trap and a large gas rotometer. Pressure in the system was Eonitored

with a mercury filled manometer. Thernistor probes h¡ere used to

record Êhe temPerature inside the cold trap and in the line adjacent

to the rotoneter. Air flow through Èhe system'was held constant

during a measuremenÈ Period.

A subsample of 200 ml/rnin was drawn frono the main line through

a colunn conÈaining anhydrous CaSQq and glass wool by a sma11 diaphragp
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vacuum punp. Oxygen concentration was determined by passing this

sample through a Beckroan OM-14, polarographic oxygen analyser (Beckman

InsÈrunents, Inc., SchiIler Park, Illinois) connected to a single

pen, Heathkit rnodel EUI^¡-204 servo recorder, (Heath Company, Benton

Habour, Michigan) fitted with an AC/DC offset circuit. The analyzer

hras calibrated at the beginning and end of each lneasurement period

against room air (20.947" 0r) and a PrePared mixture of compressed

cylinder gas containing L6.4% 02 and 83.61¿ N2.

The volume of O, consumed l^tas caleulated using the formula

of Depocas and Hart (1957) " HeaÈ production tra6 esÈimaËed by using a value

of2}.44 kJ per litre as the energy equivalent of oxygen (Mclean,

1970). Final values are exPressed as kJ'kgBW-0 ' 75'ti,'-].

Withers Qg77> has examined the error inherent in calculating

V/\ if CO2 is not absorbed frorn the air prior to both the flowmeÈer
u2

and oxygen analyser. In an oPen tnask systen the rate of air flow

from the mask is constant and determined by the downstrealD vacuum

pump. The respiraÈory quotient (nq) of the animal within the mask

and evaporative water loss alter the inlet flow rate. If waËer vaPour

is removed from the air and CO, is not' as in Ehe present experinent'

an error of. X 3% is introduced. I^lithers (1977) has provided a Eeans

of correcting for this error by incorporating RQ ínto the calculation.

Respiratory quotient may be determined by periodically employing

a COz absorbent in the system. However" in ruminants a tremendous

âmount of CO, is produced in the digestive tract by anaerobic bacterial

fermentation. This extra-tetabolic CO, is indistinguishable from

the CO, produced via respiraËory meEabolism and RQ, Èherefore, has

no metabolic significance (Brody, 1945) ' For this reason the heat



64

production values calculated during the present study are not intended

to be taken as absolute values but rathero only as comParatíve values

within the conditions of this experiment.

Tissue I¡¡sulation

Tissue insulation !¡as calculaÈed using the formula of Joyce

and Blaxter (1964):

(TR - Tsk)
T =-IH

P

where; T* = rectal temPerature in degrees Celsius

T , = skin tenPerature in degrees Celsius
sIC

H = heat ProducÈion in l'fcal n 2'd I
P

Units have been converted such that final values are exPressed as

oc.m2.nin"kJ-I.

Surface area 1das esti-mated according to the formula of Brody

(1945):

A=0.I2xBWo's7

where; A = area in m2

BW = body weight in kg.

Cutaneous lfoisÈure Loss

An attempt IdaS made to Eeasure cuÈaneous moisture loss

gravinetrically by means of an unventilated capsule containing anhydrous

CaSO¡+ in fine nesh bags. The capsule bras secured to the skin of

the back with rubber cement. Ît'.e Ëechnique r¿as found to be unsatis-

factorY and was abandoned.
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Ancillary Heat Tolerance Tests

Experimental Procedure

Observations made during the first series of temperature tests

seemed to indicate that, in some cases, respiratory rates, heart

rates and rectal temperatures were unduly elevated during exPosure

to mild heat. Sheep rely largely on Panting to cool themselves at

ambient temPeratures above their UCT. For this reason ancillary

heat tolerance tests were conducÈed rvithout the face masks to deËernine

if high hunidity r¡ithin the masks was interfering with evaporative

cooling and creating an environment nore stressful than that anticipated

on t.he basis of ambienË Eemperature. These tests Ï¡¡ere carried out

i¡mediately following completion of the first series in an animal

holding roou¡ measuring 4.25 n x 2.85 m.

Four sheep, one chosen randomly from each treatEent grouP,

were loosely chained in stalls within the holding room at apProxi-

mately 6:00 p.n. the evening before the test. Unconsumed feed from

the day's ration $las transferred to the holding toot 
"rr¿ 

water stas

offered ad libitun. Lighting and temperature in the room lrere si¡nilar

to thaE in the CE chanber.

At 8:30 a.n. feed and waÈer were reEoved, all thermocouples

and electrodes were attached and sPace heaÈers ütere set to bring

ambient temperature (neasured I m above floor level) to 30oC t 2"C.

Animals t¡ere allowed I hour to attain thermal equilibriun after this

set point had been reached. Measurements were Ëhen taken over a

tr¿o hour period, each hour being divided into 15 minute intervals'

All recording equiPnent was located in an adjacent recording rooID.
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Following cornplet.ion of the test, the animals were returned

to their regular stallso Ehe room v¡as allowed to cool and 4 more

animals l¡tere transferred.

Temperature, Heart RaEe, and ResPiratory Rate Measurements

Rectal temPerature, heart rater and respiratory rate were

measured in Èhe same Eanner as described for the tenPerature tolerance

tests with the exception that heart rate of every animal was monitored

continuously over one 15 minute interval during each hour.

Respirat.ory rates rlere recorded for all animals at the beginning

of each 15 minute interval and activity (lying or standing) was noted

for covariate analYsis.

Statistical Analysis

Analysis of variance and covariance were conducted for all

data using Ëhe General Linear Models (GLM) procedure of the Statistical

Analysis System (SAS Institute, Inc., cary, N.c.). Th.e GLM procedure

utilizes the least squares principle to fit linear models.

Data frorn the temperature tolerance teStS r¡ere analysed as

a split-plot design with complete block changeover. The level of

ergot in the feed was blocked by breed and each feed X breed cell

r¿as subdivided into 3 teEperature treaÈments. TemperaLure treatments

were adminisÈered in randon order and repeaÈed measurements !¡ere

taken within each treatment. Mean values of each parameter from

the first and second hour r,rere used in this analysis. Breed and

feed mean squares $¡ere tested against the breed X feed interaction

Inean square while temperature, breed X temperaÈure' and feed X tempera-

ture mean squares $tere tested against the three way interaction mean

square. Th.e mean sguare for hour was tesÈed against the cornbined
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mean squares of all the renaining interactions. A sample anova table

is included in APPendix A'

Similarly, feed intake and Pre-test resPiraEory rate and rectal

t.eEperature daËa were blocked by breed. within each feed x breed

cell measurements t¡ere repeated on a weekly basis. Breed and feed

mean squares úrere tested against the two way interacÈion mean Square

while the mean squares for week, breed x week and feed x week were

tesEed against the 3 way interaction mean square' A sauple anova

table is included in APPendix A'

Data from the ancillary heat test vras analysed in exactly

the same manner as that described for feed intake with hourly means

rep lac ing weekly lDeasurenent s .

Tests of the significance

were made using a Student-Neuman

1967) .

of the difference between means

KeuI test (Snedecor and Cochran,

as being significanÈ forThe level of ProbabilitY accePted

all analYses \tas P<0.05.
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RESULTS

General

Ergot sclerotia were well tolerated at all dietary leve1s apart

from recurring bouts of diarrhoea which lasted uP to 4 weeks in some

sheep. sympÈoms of muscular incoordination, lameness and general

malaiSe !¡ere never obServed. PosÈ mortem exrrnination of the croSsbred

ewe from group III @.28% ergoÈ), which died during the eleventh week

of feeding, failed to reveal any indication of ergotism. Veins' arter-

ioles and Iyrnphatics in the gut wa11 appeared morphologically nol]Dal'

Capillaries in tissues from Èhe lower limbs contained blood and seemed

to be patent. Overall body condition was good. A fer¿ disseminated

abscesses throughout the body with a Particularly large one in the

pharyngeal region implicated a general ized bacterial infection as the

nost likely cause of death.

Feed intake and pre-test respiratory rate and rectal temperaÈure

daÈa are sumnarized in table 5. The level of dieÈary ergot had no

significant effect on feed intake (P>0.05) although the grouP receiving

the highest leve1 of ergot consumed an average of 95 .2 g"d I less than

the conÈrol group. This observation is contrary to rePorts by Dinnusson

eÈ al. (1971) and Greatorex and Mantle (1973). Inclusion of molasses

in the diet nay have reduced the effect of ergoË on palaÈability'

Respiratory rate ¡¡as unaffected by ergoe'in the diet under the

teDperature cosditíons prevalent in the ani¡nal holding area. During
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the tine period in which respiratory rate and rectal temperature were

measured, ambient tenperature fluctuated between 28.8'C and 26.4oC,

a range probably Èoward the upper end of the thermoneutral zone for

these animals considering their relatively high respiratory rates.

A slight but not significant (P>0.05) trend in rectal tegPerature

Bras observed, T* increasing with increased dietary ergot. Both

respiraÈory rate and T* varied frm week to week as aubient tempera-

ture increased or decreased.

When the data were grouped by breed across all treatnents,

significant differences were noted with regard to T*. For this analysis

Èhe crossbred ewes r¡ere divided into ËlJo groups based on the Percentage

of Finnish Landrace in their ancestry. Group CBF contained 4 animals

rcith a nininum of 25% Finnish Landrace in their ancestry. Group XB

contained 3 ar:inals without any Finnish Landrace in their ancestry'

Th.ese two grouPs had the highest mean rectal tenPeratures at 40.4

t 0.1oC and 40.1 t O.2oC respectively, but, lüere not significantly

different. RecÈal teEperature was significantly lor¡er (P<0.05) at

39.5 t 0.1"C in the purebred Finnish Landrace ewes. suffolks were

interrnediate Þ¡ith a T* of 39.9 t 0.loc.

Temperature Tolerance Tests

Temperature Mea surement s

Table 6 presents regional and mean body skin temperatures'

and rectal temperature during exPosure to mild cold, nild heat and

thermoneutral conditions. Individual hourly means for ear, trunk,

shank and rectal temperature are included in Appendix B. In general

responses were similar at all dietary levels of ergot. Ihernal
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equilibriun was established with regard to all sices prior to ccÍmence-

ment of recording and differences between first and second hour vrere

not significant (P>0.05). The covariate coefficient for time sPent

standing was also not significant (P>0.05) and the Ineans in table

6 are therefore unadjusted. Wtrile under thermoneutral conditions,

it was not uncomon for individual sheep to alter Èhe vasomoËor state

of the ear or linb being monitored and a wide range of skin temPeratures

srere recorded from Èhese sites. The number of animals exhibiting

a change in the degree of vasoconstriction seemed to be consistent

fron grouP to grouP.

A slight though not significant (P>0.05) trend r¡as observed

in ear surface temPerature during exPosure to both nild cold and mild

heat. In the cold, values for sheep receiving Ehe two highest levels

of ergot were 2.5oC Èo z.g"C lower than the values for sheep receiving

Èhe control ration. In mild heat, temPeratures hrere 2.2"C to 2'6"C

1ower.

similarly, mean body skin and Èrunk skin temperatures in group

III @.2g7" ergot) were 2.3oC and 2.5oc 1or¡er, during cold exposure'

than mean body skin and trunk skin tenperatures in group o' The differ-

ences were noÈ significant (P>0.05)'

shank skin temperature and rectal temperature elere unaffected

by the level of ergot in the feed. During cold exposure' ear' trunk

and shank skin temperatures were 28 - 31"C, 10 - 13oC and 15 - 17'C

lower, resPectively, than during exPosure Eo nild heat' Mean body

skin temperatures were depressed by t0 - 13oC. The relatively small

drop in mean trunk temperature ldas probably a result of increased heat loss

rather than vasoconstricÈion (Sykes and Slee' 1968) '
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At no time during cold exposure was there any evidence of classi-

cal CIVD in either the ear or the shank. In the ear, however, surface

tempereture often exhibited a slow rise of less than 5oC which lasted

for 20 to 30 minuËes. This occurred in all groups but only as ambient

temperature closely aPProached 0oC.

when the data were grouped by breed, rectal temperature was the

only parameter in which breed differences approached significance (P<0.07).

gurprisingly, the Suffolks, who had been intermediate during the Pre-

tesr feeding period, exhibited the highest rectal temPeraËure at 40.0 t

0.1oC averaged across all ambient tenperature exPosures. This was largely

due to an apparent intolerance to mild heat exposure. Mean rectal Èempera-

ture in all oEher grouPs was 39.4 t 0.1oC.

Thermal Circulation Indices and Tissue Insulation

Regional and mean trunk skin thermal circulation indices (fCfs)

rJere calculated and are presented in table 7. These values represent the

ratio of external to the internal component of specific insulation

expressed as temperaËure gradients. Externally, insulation is afforded

by the fleece and the air/fleece inEerface. Internally, insulation is

provided by the Eissues of the body. As long as thermal equilibriun

exiscs between the sub¡ect and Èhe environment and there are no changes

in external insulation, any change in the value of the index reflects a

change in internal insulation. This would i-mply a change in blood flovs

to Èhe superficial tissue. A change in skin temperature resulting fron

the direct physical effect of ambient temPerature does not change the

ratio of exÈernal to internal insulation and therefore does not alter

the index.

During Èhe present experitrent' thernal equílibrium was established,
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with regard Èo all sites, prior to comnence¡gent of recording (see

previous section). The covariate coefficient for tine sPent standing was

not significant (p>0.05) and it Þras assuuted that external insulation on

Èhe ear, trunk and shank was unaffected by the limited postural changes

which occurred during each tesÈ period.

Exposure to mild heat resulted in thermal circulation indices for

the ear (TCIear) Ehat nrere 20 - 50 times greater than during exPosure to

mild co1d. Thermal circulation indices for the shank stere tyPically 1'5

to 3.5 ti-mes greater while TCIs for the trunk remained relatively unchanged.

A significant (P O.0I) erfiot effect on TCI"', rras observed (Figure

6) that appeared to be due to a large reduction of the index in those

groups receiving o.I4% and 0.28% ergot, during exposure to mild heat. Th-e

feed X tegperature inÈeraction, however' was not significant (P>0'05)'

The level of dietary eríot had no effect (P>0.05) on TCIs for the

trunk or the shank although TCIrhr'k did exhibit a slight decrease with

increased ergot during exposure to both mild heat and thermoneutral condiEions.

Breed differences were not evident but a significant (P 0.05)

breed X temperaËure interaction, with regard to TCI"hrrrk' t¡as noted

(Figure 7). Exposure of the Finnish Landrace e\tes to mild heat resulted

in an increase of the index over the values observed during exPosure to

lhermoneutral conditions.

sheep the index declined.

In the Suffolks and both grouPs of crossbred

trilhile thermal circulation indices provide a useful measure of

changes in regional skin blood flow, tissue insulation (Ir) was determ'ined

to provide a more accurate measure of change in the overall ability to

resisË heat ioss (ta¡1e Z). individual hourly means of Hn are

included in Appendix B. In general, responses to the three
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Figure 6. The effect of dietary ergot. on ear thermal circulation
indices (fCfs) averaged across all ambient temPerature
exPosures
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Figure 7. The Effect of Breed on TCI^'..-" during exposure to
nild eold (MC), thermoneutÈäÎ"Èonditions (¡¡), and
rnild heat (MH)
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temperature ranges ldere similar at all dietary leve1s of ergot. Insula-

tion values were highest in nild cold and lowesÈ during exposure to

nild heat, reflecting changes in blood flow to superficial tissue.

A slight trend was observed during exposure to nild cold. Mean insula-

tion increased with each successive increase in the level of ergot

to a value of L5"Á higher than that for the controls, but, the difference

ltas not signif icant (P>0.05) .

The covariate coefficienÈ for time spent standing was signifi-

cant (P<0.03) for tissue insulation. Standing resulted in a slight

decrease in I- values, but, since no main effect or interaction differ-
I

ences were revealed by covariate analysis, the means presented in table

7 are unadjusted.

Respiratory Rate, Heart Rate and HeaÈ ProducÈion

The effect of ergot on respiratory rate when averaged across

all anbient tenperature exposures is illustrated in figure 8. Inclusion

of 0.07"/. ergot in the diet resulted in an increase (P<0.05) in mean

respiratory rate of42respirations"min-] over that of the control group.

At higher levels of ergot mean respiratory rates were intermediate

and not significanÈIy differenÈ (P>0.05) from eíÈher the control sheep

or those in group I.

During exposure to mild heat the rapid shallor¿ panting observed

in the first two groups was replaced by slower deeper panting in

the groups receiving O.I4"Á or 0.287. ergot (Table 8). Under Èhermo-

neutral conditions a pattern sinilar to that of the pooled data was

observed while, during cold exposure, respiratory raÈes were virtually

identical.
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Figure 8. The effect of dietarY ergot
averaged across all ambient

on respiratory rate (RR)

teEperaÈure exPosures
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A highly significant (P<0.0002) reductÍon fn respiratory

raÈe occurred during Ëhe second hour of all ambient temPeraÈure

exposures (Table 8). This rnay reflect a Progressive calming of

each anl-mal following the fnitial trauma of having the face mask

and electrodes attached, although roetabolic rates Þrere noÈ lowered

during the second hour as uight be expected if such were the case '

Heart rate and heat production were unaffected by ergot in

the diet (Table 8). The covariaÈe coefficient for time sPent stand-

ing was significant (P<0.01) vrith regard to heat production, but, as

the analysis of covariance did not alter the level of significance of

either nain effect or inËeract.ion differences, the Deans presented in

table 8 are unadjusted.

Breed differences vrere noted wíth respect to heat production

and respiratory rate but not heart rate. Figure 9 illustrates the

rragniEude of the differences beÈlreen breeds for both Parameters ' As

with recÈal teuperaÈure, the Suffolks exhibited the highest values

aËtaining a mean t""piàtory rate of 133 respiraÈions"roin-l a¡da mean

heat production of 0.308.kJ"kgng-O'75"Ein-l. The two groups of cross-

bred ewes had the lowest values while the group of Finnish Landrace

ewes were intermediate.

A significani (p<0.02), bur, highly suspecr, breed x Èempera-

ture interaction was observed with regard to heat production' The )ß

group of crossbred ewes displayed unusually 1o¡¿ values during exPosure

to nild heat. It should be remembered that this group contained only

3 animals and as such would be more susceptible to bias resulting frout

a failure, during one test" in the respiraÈory gas collecËing and

analysis system.
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Figure 9. The effecr of breed on heat production (HP) and
respiratory rate (RR) averaged across aII ambient
temPerature exPosures
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Indlvidual hourly means for respiratory rate' heart rate ånd

O2 consumpt.ion are fncluded in Appendix B.

Ancillarv Heat Tolerance Test

Rectal Temperature, Heart Rate and Respiratory Rate

Ancillary heat tolerance tesÈs ürere conducted without the face

mâsks to deÈermine if high hurnidity within fhe masks ütas inEerfering

with evaporative cooling and creating an environment more stressful

Èhan that anticiPated on the basis of aubient temPerature. In the

absence of the nask, rectal ÈemPerature' heart rate and respiratory

rate values were considerably lower than those recorded in the first

series of tesÈs, during exposure to nild heat (Table 9). As in the

first series of tests, rectal ÈenPerature and hearÈ rate htere un:

affected by the level of ergot in the feed. thermal equilibrium

apparently took longer to achieve and rectal temPeratures hTere slight-

ly although significantly (P<0.004), higher during the second hour.

The ergot effect on respiratory rate that had been demonstrated

earlier, disappeared in the absence of the mask. Although all grouPs

receiving ergot in the diet had higher mean resPiratory raÈes than

the control group, the differences Ïrere not significant (P>0.05).

The slower deeper panting observed, during rnild heat exPosure' in

the groups receiving 0.L47" ot O.287" ergot, also disappeared and was

replaced by the typical rapíd shallow panÈing observed in the other

groups. The covariate coefficient for time spenE sÈanding was

significant for respiratory raÈe (P<0.05) but since no mafn effect

or interaction dffferences were noted the means presented 1n table 9

are unadjusÈed.

The sheep in all groups sPenÈ less time standing during Èhe
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Tn

("c)

RR HR

(resp. 'min-I) (beats'nin-})

TABLE g, Rectal temperature (f-), respiraÈory rate (RR) and heart rate (HR)

response to ancillary heat Ëxposure. (Means t standard error of the mean)

Ergot Level

(z>

0.00

0.07

0.14

0. 28

39.3 t 0.1 75.8 I 14.1

39.5 r 0.1 105.1 t 14.1

39.2 r 0.1 87.8 t 14.1

39.2 r 0.1 108.2 t 16.3

62.L ! 3.r

62.8 t. 2.9

60.4 ! 2.9

59. 1 r 3.4

Source of
Variation Tn I{RRR

Breed
Feed
Hour
Covariate N.S.

N.S.*
N. S.
0.004** N. s.

N.S.
N. S.

N.S.
N. S.
N. S.

0.005 N.s.

* Nonsignificant (P>0.05)
**Level of significance
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ancLllary heat exposure than they had during heaÈ exposure in the

first series of tesÈs. The face mask, while not restricting movemenÈ

per see apparently caused some discomfort while lying'

when the data were grouped by breed the differences Èhat had

been noted prevÍously wiEh regard to respiraÈory rate and rectal

tegperature srere no longer evldent. The Suffolk es¡es, who had

consistently deuronstraÈed an intolerance to mild heat exPosure

while wearing the face mask, responded in a manner indístinguishable

for the other sheeP.

Indivídual hourly Ðeans for T*, RR and HR are íncluded in

Appendix B.
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DISCUSSION

Almost all of the reports in the literature which examine the

effect of dietary ergot on animal performance have alluded to the

inability of ergot fed animals to modulate heat stress. Thermal

polypnoea has been observed in cattle maintained outdoors at ambient

temperatures above 27oC when ergoÈ has been included in the diet at

levels as low as 0.067" (Dinnusson et al., 1971). In more conÈrolled

experiments increased rectal Èemperatures as well as increased respira-

tory rates have been noted in heifers, steers and sheep receiving

O.2O%, 0.525i¿ and 0.307. ergot respectively (Moore, 1975).

A rise in body temperature is indicative of an increase in

heat storage due to an increase in heaL production and/or PrÙÌf[ and

a reduction in evaporative heat loss. The simplest ltay in r¿hich ergot

alkaloids could cause these effects would be to exert some unsPecified

action aÈ the level of the hypothalamus. Alternatively, a rise in

PÌfl"tt r¡ith its concomitanÈ rise in rectal terûPerat,ure could be produced

as a result of direct stimulation of peripheral vascular snooth muscle.

GreaÈorex and Mantle (1973) have suggested that the disturbance of

peripheral circulaÈion due to ergor alkaloids and vasoconstriction

due to cold exposure may be additive leading to a lameness/gangrenous

syndrome.

During the present experiment inclusion of ergot in the diet

resulted in an increase in respiratory rate under thermoneutral conditions

but not during exposure to mild heaË. InsÈead" Èhe rapid shallow
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panting typical of both the control group and those sheep receiving

0.O72 ergot was replaced by a slower deeper panting i¡r those groups

receiving O.I4i( or 0.28i( ergot. Contrary Ëo reports by Moore (1975),

rectal temperature !¡as unaffected by ergot in the feed.

Hales (I969) described similar changes in the respiratory pattern

of heat stressed oxen and sheep. During severe heat stress, rapid

shallow panÈing was superceded by slower deeper panting coincidental

r¡ith the attainment of a temperature of 4O.4"C - 40.8oC in the hypo-

thalamus. In an earlier study (Ha1es and l{ebster, 1967), the change

in panting pattern of heat sÈressed sheep had been found to occur

at rectal temperatures of as 1ow as 39.7"C.

The failure to demonstrate a significant effect of ergot on

rectal temperature in the present experiment need not imply that aninals

receiving ergot were free from climatic stress. Rather, it appears

as though respiratory mechanisms responded to heat stress to prevent

a rise in heat storage and body tenperature. If this is the case

ergot fed animals were clearly stressed at temperatures within what

had been considered the thermoneutral zone.

Heat production responses during exposure to mild cold, nild

heaÈ and thermoneutral conditions were similar at all dietary leveIs

of ergot leaving an increase in PVMT as the most likeIy cause of this

downr¿ard shift in the upper critical ËemperaEure. Constriction of

Èhe vessels in the extrenities could lead to a lo¡vered surface temperature

and a reduction in the rate at which heat is lost to the environment.

A slight though not significant trend was observed in ear surface

ÈemperaÈures during exposure to both mild cold and mild heat. Considering
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that a similar trend was observed for Eean trunk skin temperature,

an area not considered to be under vasonotor control ([debster, L966;

Sykes and SIee, 1968), the trend in ear surface tenPerature should

probably be ignored. However, a significant ergot effect with regard

to the thermal circulation index for the ear útas observed that appeared

to be due to a large reduction of the index in those grouPs receiving

0.I4i¿ or 0.28% ergot during exposure to ¡nild heat. As has been previous-

ly noted¡ âny change in the value of the index reflects a change in

internal insulation due to a change in blood flow.

The remaining area which rnight be expected to exhibiÈ a reduced

surface temperature and/or thermal circulation index is the shank.

[,lhile ergot had no effect on skin temPerature of the shank, TCI"h.r,k

did exhibir a slight decrease with increased ergot during exPosure to

both rnild heat and thermoneutral conditions.

In contrast to the above findings, Cowan and Phíllips (unpublished

data) observed an increase in mean body surface tenPeraÈure in Hereford

heifers fed ergot at levels of 0 .023"Á to 0.1237. and exposed to 33oC

and 93"/. relative hunidity. A signif icant ergot effect was also demon-

strated with regard to rectal tenPerature and it seems likely that

high surface teaperatures ruere a function of high rectal temperaEures

and not of increased blood flow.

Tissue insulation rlas determined during the present experiment

to provide a measure of ergot induced changes in the overall ability

of the sheep to resist heat loss. A slight, though not significanÈ'

trend r,ras observed during exPosure to nild cold, mean insulation

increasing with each successive increase in the level of ergot to
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a level of. 157 higher than that for the controls. lissue insulation

is dependent on Èhe convective transfer of heat via the bloodstrean

and changes in blood flow to the periphery represent a rnajor means

of altering insulation (Richards, 1973). In conjuction with the TCI

data, an increase in mean Èissue insulation does suggest an alterarion

in peripheral blood flow patEerns.

To s "¡marize, it would appear that ergot in the diet results

in an increase in PM{I and a reduction in the rate at which heat is

lost to the environment. This in turn lowers the upper critical temper-

ature and presents a challenge to strict homeotherny at temperatures

which ¡rould otherwise be considered within the thermoneutral zone.

The major response of an ergot fed sheep is to increase its rate of

panting in an effort to prevent a rise in heat storage. At ergot

leve1s above 0.L4%, panting patterns during mild heat exposure are

sinilar to those described for sheep during severe heat stress.

The relative significance of cenÈral and peripheral effects

of ergot alkaloids on Èenperature regulation have not yet been examined.

Corrodi et al. (1975) observed a decrease in 5-HT release and turnover

in 5-HT neurons frour the rat followinb the fn vitro administration of ergo-

cornine. In sheep and cattle lt has been postulated that 5-HT Ls the principle

on line neurotransmitter betr¿een warm sensors and heat loss effectors

(Blieh et a1., 1971). InÈracerebroventricular injections of 5-HT

reeeptor blockers aË thermoneutral temperatures in sheep cause a reducÈion

in heat loss by panting and an increase in P\/l{I (Bligh eÈ al. " L979a).

At high ambienÈ tenperatures the reduction in respiratory heat loss

is especially pronounced.
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Ifo during the presenÈ experiroent' ergot alkaloids had been

acting at the leve1 of the hypothalamus to block 5-HT release on the

heaÈ loss pathway, a decrease in heat loss by panting and an increase

in rectal temperature should have been noted in addition to the increase

in PVMI. Instead, respiratory heat loss apparently increased to balance

the reduction in nonevaPorative heaÈ loss, and rectal temPeratures

were maintained at a constant leve1.

Ergot alkaloids have also been shown to exhibit equal potencies

in displacing 3H-agonist or 3H-anÈagonist ligand binding at central

q,-adrenergic receptor sites while at dopamine sites they are slightly

weaker inhibitors of agonist binding (U'Prichard, 1980). Both noradren-

aline and dopanine have been implicated as neurotransrnitters in the

central control of body temperature, but, it has not yet been demonstrated

that cenÈrally released, endogenous noradrenaline is involved in thermo-

regulatory adjustnent of PVMT (Tollerton et al.' 1978). Doparnine

nay be the on line neurotransmitter of Èhe influence of cold sensors

on py¡fll (Tollerton et al., 1978), but, as indicated above, ergot alkaloids

are stronger anEagonisÈs Èhan agonists of dopamine recePtors and would

probably cause a reduction in PVIfI during exPosure to cold rather

than an increase in PVMI during exPosure Ëo mild heat.

IË isntt, possible to entirely rule out central involvement

of ergot alkaloids in the impairnent of tennperature regulaÈion during

the present experipen¡, but, one trore argument against such an hypothesis

can be raised. AIl of fhe effects predicted by assuning an action

of ergot alkaloids on central monoamine recePLor sites are temPerature

r--^-r--¡ n---:-Ê !t-^ ^€ fhie pwnprímênf'nrìt ônê nâråmeËef(¡CPCIIIJCUL. lrul J-IlË Lr¡E uvur Þs vÀ r¡¡^ù eõf ç

measured exhibited a significant feed X Èemperature interaction. The
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results seen to be consistent with the alternative hypothesis, that

ergot alkaloids impair ËeEperature regulation by directly stimulating

peripheral vascular smooth muscle and concomitantly lowering the upper

critical temperature.

Only one report in the literature has previously exanined the

possibility of ergot induced thermoregulatory impairment at te6Peratures

below the thermoneutral zone. As noted previously Greatorex and Mantle

(1973) observed severe laneness and intestinal inflamation in one

ergot fed sheep exposed to cold, IJet Pasture conditions. Other sheep,

at pasture in rnild weather, tolerated ergof at levels thought to be

potentially 1etha1. The authors suggested that cold induced vasoconstric-

tion was additive to the disturbance of peripheral circulation caused

by ergot alkaloids.

originally it had been thought that ergot alkaloids exerted

Èheir effect on vascular smooth muscle directly and díd not involve

eiÈher adrenoceptors or 5-IIl recePtors. More recenÈly it has been

demonstrated that the response to ergot alkaloids aPPears to be the

result of an action on the same receptors involved in the resPonse

to catecholamines or 5-HT (see Clark, L979) '

There hras no evidence in Èhe Present experiment to suggest

that ergot induced and cold induced vasoconstriction l¡ere additive'

The one parameter which demonstraÈed a strong effect of ergot on peri-

pheral blood flow, TCI..', showed the snallest differences between

t.reaÈment grouPs during cold exposure'

At.Èemperaturesbelowfreezingrergotnayhaveaprofoundeffect

on thermoregulation. proËeciion of Èhe Ëissues from damage by freezing

is dependent upon very precise regulation of the blood supply. Webster
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and Blaxter (1966) reported 3 forms of CIVD in sheep exposed to subzero

temperatures. In the ear, classical 'rhunting" reactions r¿ere observed.

Also in the ear, and occasionally in Ëhe limbso single sharp increases

in surface temperature brere noted that could last uP to 50 minutes.

Belor¿ a temperature of -5oCu continuous proPortional control ensured

that surface temperatures remained above freezing and withouÈ marked

var iation.

The effect of ergot on Ehis precise control of blood flow to

the extrenities is unknown. In the present sEudy ear surface temPeratures

often exhibited a slow rise of less than 5oC which lasted for 20 to

30 minutes. This occurred in all groups but only as ambient temPerature

closely approached 0"C. The sheep were not exposed to subzero teEperatures

and it is possible that tissue danage by freezing could result if

the increase in PWÍT prevented an adequate blood flow to the extremities

during exposure to severe co1d. Until Ehis avenue of research has

been explored further, animal producers should refrain from utilizing

ergoty grain in ration formulations during severe winter weaËher.

The dorsnward shift of upper critical temPerature resulting from

long term, low level ingestion of ergot sclerotia has its own implication

to the producer. Sheep fed ergot at a level of 0.I4"Á and O.28% ín

the present study were severely sÈressed at ambient temperatures of

as 1ow as Z7.7oC, a daytime temperature corrmonly reached on the Canadian

prairies during the surnmer months. Fuquay (1981) has reviewed the

effects of heat stress on animal production. A reduction in feed

conversion efficiency commonly oceurs when beef heifers and lactating

dairy colrs are subjected to heat stress. This reduced efficiency has

been attributed to an increase in the energy reguired for thermoregulation'
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there is some indication that heat stress also results in an increase

ín maintenance proÈein requirements in both catÈ1e and sheep.

The respiratory response observed in the groups of sheep receiving

the two highest levels of ergot in this exPeriment was due, in part,

to high humidity within the face nask. In the absence of the mask

the slower deeper panting, previously observed, disappeared to be replaced

by the typical rapid shallor¡ panting noted in the other grouPs. Super-

i-mposition of high anbient humidity upon high anbÍent temperature,

such as might be found in a poorly ventilated barn, would present the

most stressful set of circr:mstances Èo ergot fed animals. Bligh (1963)

has noted that even in the absence of an increase in rectal temPerature,

respiraEory frequency increases in resPonse to increasing hurndity.

In addition to rhe inability of ergot fed animals to rnodulate

heat stress, the sympÈoms ascribed to long term' lonr level feeding

of ergot to ruminants include reduced feed intake and gain, an increase

in feed to gain ratios and an increase in both water intake and urine

output. While the development of tolera¡rce or hypersensitivity to ergot

alkaloids might be expected to occur, an examination of ergotamine

abusing human nigraine patients failed to reveal any indication of

either (tfett-ltansen and olesen, 1981).

Dinnusson et al. (1971) in the experiment previously described,

reported all of the above symptoms in cattle receiving 0.067" ergot.

Moore (1975) noËed a slight reduction in weight gain of sheep fed 0.15%

or 0.30il ergot but was unable to demonstraÈe a significant reduction

in feed inÈake or the efficiency of feed conversíon in either sheep

or cattle receiving uP to 0.5257" ergot.
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During the present experiinent the effect of ergot on weíght

gain and feed convêrsion was not examined but the level of ergot in

the diet had no effect on feed intake. General observations of the

animal holding area were contrary to those of Dinnusson et 41. (197I)

and in accordance with observations by Moore (1975) and Co¡¡an and Phillips

(unpublished dara). Ergot fed aninals did not exhibit any indication of

an increase in drinking frequency or urination. Apparent contradictions

of this nature in the literature tnay be due to Èhe considerable variation

in individual and total alkaloid contents between sclerotia. The syEPÈoES

observed by Dinnusson et al. (1971) may only be valíd for ergot of similar

toxicity.

With regard to feed intake, the inclusion of molasses in the

diet during the Present study may have reduced the effect of ergot

on palatability. Ground ergot was fed to the sheep in a complete pelleted

ration Èo prevent sorting and rejection of sclerotia. Molasses were

added as a binding agent to aid in pellet formation. Th.e process of

pelleting involves steam heating and nay have slightly reduced Èhe

toxicity of the ergot used in this study. Heat ËreaÈed ergot typically

shows a reduction in total alkaloid content (see table 3).

Species differences in the response to acute ergot poisoning

have been noted in the literature (see Lorenz, 1979; Young, 1979) and

it seems likely that they exist wiÈh regard to chronic poisoning as

wel1. The question of ¡¡hether or not breed differences influence the

response to ergoÈ has never been examined. During the present exPeriEenÈ

Suffulk ewes consistently demonstrated an intolerance to mild heat

exposure. Slee (1968, Lg74> has reported differerlces in the ability

to thermoregulate in the cold between Scottish Blackface and Merino
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sheep although Arrnstrong eÈ a1,(1960) çrere unable to discern any difference

in response betþreen Scottish Blackface, Down Cross and North Country

Cheviot breeds. As the fullest expression of ergot toxicity is influenced

by ambient temperature and breed differences in the ability to thermo-

regulate have been noted, some breeds may be more tolerant of ergot

than others.
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1.

2.

SIJMMARY AND CONCLUSIONS

Long tern, low leve1 feeding of ergot to ewes resulted in

demonstrable heat stress at temPeratures which would normally

be considered within the thermoneutral zone'

In ewes fed ergot at a level of 0.077,, Èhis stress was evidenced

by an increase in mean respiratory rate at all arobient temperature

exPosures.

During mild heat exposure, Èhe rapid shallow Panting typical

of both the control group and those sheep receiving 0.o77.

ergot was replaced by a slower deeper panting in those grouPs

receiving o.I4% or 0.28:l ergot, similar Èo that described

for sheep during severe heat stress. This was due in part

to high hurnidity within the face mask. superimposition of

high anbient hunidity upon high arnbient temPeraEure' such

as night be found in a poorly ventilated barn, would rePresent

the most stressful set of circumstances Èo ergot fed animals'

Blood flow to the ear, as evidenced by changes in the thermal

circulation índex, was reduced at all ambient temPeratures

in ewes receiving O-14"Á ergot or greater' Trends in both

lCIrh.rrk and I, suPPort the contention that peripheral blood flow

was reduced as a result of ergot ingestion:

The increase in PWII appeared to reduce heat flow from the body to

the environnent and effectively lowered the upper critical temPera-

ture.

4.
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6. Heat production vtas unaffecËed by ergot in the feed.

7. Respiratory mechanisms responded to heat stress sufficíent1y to

prevent a rise in heat storage and rectal temperature.

8. The findings of the present study are inconsistent with the effects

predicted by assuming an action of ergot alkaloids on central

monoamine receptor sites and appear t,o suPPort the hypothesis

that ergot alkaloids inpair temperature regulation by directly

stimulating vascular smooEh muscle to increase PVMI and lower the

upper critical temperature.

g. Reduced feed intake and an increase in water intake and urine

output, syloptons generally ascribed to long term, low level

feeding of ergot to ruminants, in addition to heat stress, !¡ere

not evident during the presenE experiment.

I0. In view of the above findings aninal producers would be well

advised Èo refrain from feeding ergotized grain to their livestock

at extremes of ambient temPerature.

11. Further studies are necessary to evaluate the influence of breed

differences on response to ergot. Breeds that are better able to

modulate Ëemperature stress may be more tolerant of ergoË than

others.
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