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Today there is a wide measure of agreement~ 

which on the physical side of science app­

roaches almost to unanimity~ that the stream 

of knowledge is heading towards a nonmech­

anical reality; the universe begins to look 

more like a great thought than Zike a great 

mac:hine. Mind no longer appears as an acci­

dental intruder into the realm of matter; 

we are beginning to suspect that we ought 

rather to hail it as the creator and gover­

nor of the realm of matter.,,, 

- Sir James Jeans 
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ABSTRACT 

THIS investigation has been carried out in three nature 

reserves ~n the Transvaal, the Kruger National Park and 

in two game reserves in Natal. Specimens for trace 

element analysis were collected also from Natal and from 

three Lowveld nature reserve complexes. 

A study of 104 individuals of nine species of animals 
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(vi) 

after locomotory stress indicates that the primary cause 

of mortality after a short (2 km) chase is a profound 

acidaemia, with muscle pH significantly lower than that of 

central venous blood. There was a s·ignificant correlation 

between pH and blood lactate. 

System1c changes include aberrations in the electrocardio­

gram configuration associated with hyperkalaemia, depress­

ion of calcium ions, tachycardia (up to 350 beats per 

m~nute), hypotension and a pulmonary arterial hypertensiono 

H1gh capillary haematocrits together with low P0 2 , pH and 

high PC0
2 

indicated peripheral stasis. A rise in the 

haematocrit of central blood after restoration of the 

blood pH by infusion of bicarbonate indicated a return of 

sequestrated blood to the circulation. 

Plasma myoglobin and haemoglobin showed a significant corre­

lation with distance run. There was a significant rise in 

blood potassium to near lethal levels. 

Reduced kidney function due to vasospasm, relieved by 

alpha-blockade with pheno.xybenzamine hydrochloride, is 

believed to predispose to tubular blockade with blood and 

muscle pigments as demonstrated at autopsy. 

High levels of GOT, GPT, CPK and LDH were seen in all ani­

mals subjected to locomotory stress (except in trained 

animals), 
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There was a significant d.ifference between stress due to 

transport and exercise stress. 

(vii) 

Investigation of liver content of trace elements on a 

seasonal bas1.s revealed a significant correlation between 

chlorine, cobalt, magnesium, sodium and zinc. Major 

differences were determ1.ned exceeding 200 percent in the 

seasonal variation of selenium as well as copper, cobalt 

and other essential trace elements. 

Highly significantdifferences were apparent in enzyme peaks 

between the first and subsequent runs. Differences were 

also seen in plasma haemoglobin and myoglobin between ani­

mals run for the first time, and after several dummy or 

training runs at low speedo 

It is concluded that preli~ipary exercising of animals and 

their fa:miliar1sation with capture methods and corrals is 

the best prophylactic against stress during capture. 
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CHAPTER ONE 

GENERAL INTRODUCiiON 

INTRODUCTION 

THE object of this study is an investigation into the 

physiological mechanisms underly1ng the condition of 

capture myopathy, a lethal condition exhibited by wild 

animals, mainly after mechanical capture and chasing. 

The condit~on is already well known from the les1ons seen 

at aut.opsyo These were first described in Kenya from a 

spec i.men of the rare Hunter's ante lope DamaUscus hu:nteri 

that had died ducing an attempt to relocate some of these 

animals to the Tsavo National Park (see below) e Numerous 

p:;st mcrt:~m examinations were subsequently made by lnvesti­

gators in South Afr1ca and the lesions have been described 

recently in considerable detail by Basson and Hofmeyr (1973). 

The field of investigation has, perhaps inevitably, broad­

ened cons~derably. The assLgnment was essentially prac­

tical in that the ultimate object was to find a therapy 

fo.r the myopathy condi ti.on. It soon became evident that 

the underly2ng causes of deaths in captured wild animals 

must be sought not only in the method of capture and the 

result1ng physiological derangements, but also in (a) the 
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nutritive state of the animals before capture and in (b) 

the post capture treatment and conditions of captivity. 

2 

The f1rst of these lent itself to stra.ightfo.rward scient­

ific study and hds consequently been the subject of a 

consi.derable amount of investigation during the course of 

this work especially with regard to absolute and seasonal 

shortages of trace elements. The latter (b) was found to 

~nclude essentially sociological aspects making it unsuit­

able as other than a whole-time specifically authorised 

study. From such figures as are available it would appear 

that wild an1mal deaths during the lang-term holding in 

quarantine pens exceed those of capture as it is now being 

carr1ed out (during 1975) in the Transvaal Division of 

Nature Conservation. 

The cent.ral field of research, that of the underlying 

physiological changes that lead to capture myopathy, was 

also subJect to a degree of re-orientation. It was soon 

dts~overed that a great deal of the changes that occurred 

dur'1 ng capture, and particularly the degree of these cha­

nges, was due to largely unnecessary and mostly unwarranted 

stress put on the animal during the chase. During obser-

vations in the early stages of this work it was established 

that the most common causes of death in animals such as 

spr1ngbok Antido:re:J.d m'J:Y'f>uptalis captured in nets were fractures 

of legs, neck and back, and luxations particularly in the 

lumbo-sac.ral region. It has been observed (S.A. Veterin-

ary Cong.ress 19 73) , bearing in mind the manner in which 

animals are captured, that far from being surprising that 
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animals d1ed after chasing, it is a wonder that any 

. . surv1ve! 

It was es~ablished dur1ng the early part of the investi-

gatlons, that animals captured 1n the usual way by chasing 

with trucks ex:hiblted degrees of acidosis considerably 

exceed1ng those of human athletes and also horses during 

compet1t1ve rac1ng. This is perhaps not unexpected as 

man and horse run in a competitive spirit with relatively 

little coerc1on while wild animals run to maximum capacity 

in an all out effort to escape. Adult specimens of wild 

animals such as zebra Equus bu:t'cheU·i and wildebeest Connochae-

-r;q..s t:a?A:l'inus w1ll run during attempts to catch them by hand 

from a truck, until they die; the mechan.ism of death being 

primarily a profound acidosise 

The comparison with human athletes and horses is further 

falacious in that these are trained, and wild animals may 
~, .. 

be regarded, in this context, as being grossly 'out of 

COndi LiOn 1 
n One of the more interesting findings, from 

a practical aspect, during this work is the rapidity with 

which w1ld ungulates adapt to exercise and the marked 

increase ln resistance to capture stress that occurs in 

the an1mals after only a few mock runs. These changes 

are measu.rabl.e in the reduced .rise .in the level of enzymes, 

such as creatinine phosphokinase, but particularly also 

in Lhe reduced discolouration of the blood plasma by·myo-

glob1n and haemoglobin, as well as by the less objective 

criteria of clinical condition. Animals such as black 
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wildebeest Connochad.9S qnou showed striking adaptation when 

subJected t-o mock capture runs during wh1.ch they became 

trained phys1call.y, accustomed to the capture procedure, 

and gave the impre;:;ston of reduced feC~.:r, As a result, 

the clinical signs of stress and exertion were greatly 

reduced and the whole capture operation faciliated. 

PREVENTION 

THE prevention of capture stress and the ensuing myopathy 

is one of the more eminently practical considerations to 

emerge from th1s studyn Whereas the restoration of a 

normal range of blood pH by infusion with bicarbonate, the 

consequent reduction by dildt1on of hyperkalaemia and so 

forth. has reduced losses b6th on an experimental and 

·:>per at l ve bas15, the method is cumbersome to use, ent.ails 

extra :md possibly excess.1ve handling, and beyond the 

capacity :)f most an1mal t.rappers, Conversely, the method 

whereby the animals are S11b jected to a series of dummy 

runs ~hrough the wing (only) ot a capture corral appears 

readily pract1cable under most, if not all, the conditions 

under which an1.mals .are captu.red in the Transvaal, 

Stmllarly on our exercise track, ~t was found that the 

various groups of an~mals could be used only once or twice 

before they ceased to exhibit stress symptoms in spite of 

running at the same speed as on prev1.ous experiments. 

This worK: has de.rived both advantage and disadvantage from 

its broad terms of reference, and sim1larly advantage and 
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disadvantage from standing on the sidelines of a large 

o.rgan.i sat.ion conce.rned with the breeding and relocation of 

.a. nu..'Tlber of 1ntmals comprJ.sing fifteen species from seven 

reserves.. The ~ar11 e:t· capture team tended to negate the 

myopathy problem, kept scanty records of losses and decli­

ned t.o collect nec:t:opsy specimens. It furthermore proved 

un.fe:::tslble to exam1ne animals captured under :r-outine cap­

ture cond.:.. tions .so that the .research programme was sw.i.tch­

ed entirely to an experimental bas1s 'us~ng small groups of 

animals whenever these became availablea The first exp-

er:iment:a.l work was performed in Octobe.r .1972 when, 18 bles­

bok D-.zmali.:'c~cA;; do:zY:as pl<ziZ.Up,:yf, had lo be evacuated from Percy 

Fy.fe Nature Reserve, Square-lipped rhinoceros Ceratother­

'Z-U"fl ._~-~mum were examined in Natal du.r1ng a week's inv-estiga-

tion of unexpected transit deaths. Tsessebe Damal,iscus 

Zun1.tus , when a half-dozen bulls ·were to be disposed of and 

s. im.i 1 arl y nine excess sable bulls H·:ppuiL'agus niger were re­

cently made ava.1lable at. Hems Merensky Nature Reserve, 

The lack of substantial groups of animals from any parti­

cular species has had lj_ttle impact on the physiological 

work whi.le the var.iety of species has been a stimulus both 

to the investigation and to adapt our methods and apparatus 

f:rom antmal to animal l.n a variety of sizes .from blesbok 

to sub-adult eland T.J.ur.JtP·llgus oY"y.x • It; has, however, re­

tarded the work on therapy whl.ch depends for results lar­

gely on the stat i st,ical evaluation of parameters and there­

fore requ.1res a reasonable numbe.r ( arb.1. trarily set at a 

mJ.nimum of 10) of similarly-sized an.imal s in comp.arable 

condition" 
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:In the c0urse of an effect:ive per.iod slightly exceeding 

three years it has proved poss1ble to carry out nearly 

6 

60 000 tes":s on live animals comprisi.ng eight species. 

These include 18 blesbok (6 768 tests) a gzoup of 25 

zebra and wildebeest in the Kruger National Park {31 998 

tests) and ten eland (15 694 tests), or 23 660 tests 

during 1972 and 1973, 18 252 tests during 1974 and 18 064 

tests daring 1975. These studies, performed almost en-

Lirely i.n the f:ield or in t.empara:ry laboratories, averaged 

600 tests per an1mal, i.e. 104 animals from which 4 491 

samples were taken (Table 1). In addition, 253 liver 

samples for trace element work were provided from animals 

culled for various reasons unconnected with this wor~, in 

Zu1 ul3nd, the e.astern Transvaal, and S .A. Lombard Nature 

Rese:r.ve; no an~mals have been killed specifically for the 

purpose of these experiments, A.pa:rt from a l1m.i ted 

ser1es subJected to acid d~gest, and spectrofluorimetry 

for selem.um, the analyses for 17 trace elements (all but 

the drying, maceration and cataloging) have been performed 

by the Atomlc Energy Board. 

been per formed,, 

Finally, 44 autopsies have 

NoMENCLATURE 

AT th:is prese.nt time there are almost. as many names for 

the capture myopathy syndrome as published papers. It is 

therefore necessary at this early stage to gain a clear 

concept of the condition being investigated, and to define 
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T::tble 1: T-:Jt:::tl parameters :.:t.nd numbers of tests carried out on all live spe('aes i nvest.igated-

~~ r_ 1 ~--~~ 
1
_, i 1 

iac_d- 1 lcl1n. plasma lporph- !body Jpar3- 1 m1ne- jmetab- !cardla~lr~t~ls 
lba&e !enz:ymesjpdt:tmo 1 pro"~".e~nl ln::> jmeas jSJ.te.s i ::::als iOl:...-tes jp:ira.m 

; t t r L l l t r r ; 
- I I l I ! j ! I i i I 

blesbok ; 6 024 i 864 i 270 1- i 432 1 23 1- .- j- 1- 1 7 613 

i i I ! I I I l I I 

tsessebe I 
i 

zebr-i 115 
wildebeest::! 9 

I 

ny~la I 
I 

rhin·:>ceros 1 

I 

sable 

318 I l 872 l 231 1- ,·- ,. 66 I 12 j- I 576 I 6 I 3 081 

I I ,. I I l _ ' _ 
2 632 !' l 000 ,_ ,_ I 17 - 1- 1- I 652 ILO 102 

l I l I ,. I I 
l 504 I 730 - 1- I l4 - - 1- . 624 Ill 896 

I I I I I I 32 j- - I- 2 - j- - 1- I 226 

I I I I I I I 
70 ,- I 210 1- I ,7 I 2L i 56 I 14 1-

- I I : . 

801 

024 

192 

56 434 

930 32 I 354 1- I 4 I 9 I 9 I 36 . .372 I 114 ' 

l I I I I I I ! 
i 10 I 6 216 ! l 647 ,_ - i 10 1- j- 7 770 41 ; tS 694 

~ i I j I I I I I i 
eland 

L + ~ l l j L I 
I J ! I I I I I I 

totals j31 425 i 13 222 4 232 210 i 436 1 148 42 !' 92 1_ 8 732 1 1 437 i 59 976 

I I I I 1 I I I i 
L l l 1 L I I 1 l 

-....) 
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it J.n :celation to the term1nology it is proposed to use. 

It is important also, to ascertain if the various reports 

on deat:hs due to capu:tre are in fact related to the same 

syndrome 

The term 'wh1te muscle disease' seems unduly confusing in 

that 1 t has alre :1dy been ".J.Sed for the condition that 

results on depr.1vation of the selenium/vitamin E complex. 

The .same cr1terion appltes to allied terms such as 'fish 

muscle d~sease', 'vlekspLersiekte' and so forth. 'Pale 

muscle disease 1 1s a term used to descr1be a condLtion in 

carcase mea<: which o::::cu:rs when the body pH falls excessi-

vely after slaughter. Associated with th1s condLtion LS 

the problem of jpa:t.e, soft, exudative meat', and although 

this has ce:rta1n manifestations 1n common w1th capture 

myopathy, the term i.s best rest.r:lcted to the bpecific 

phenomenon in the pork 1ndustry, and seems to be influen­

ced by the breed of pig, :method of blaughc.er and t.he type 

of .teed 

'Spast1c pares1s' is a term used for a congenLtal condit­

ion tn c:llves, and th1s therefore has the same d:lsddvanta­

ges, although a congenital predisposltl~n to death from 

c:lpt'Jte stress is poss.Lble and a'w:uts invest.1gation. 

The Vd=lous terms that have been used appear to relate to 

the s~me syndrome Ln that they re.fer to d condit.J.on asso­

c~ated Wlth an1mals dy1ng after e1ther capture or other 

forms of exhaustion and exhlbit muscle degenerat1on on post 
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m?rtem examination,, 

Lesions other than the muscl! lesions themselves tend to be 

indef.i n1 te and related to s. ,·,ck and those expected from 

hypotension and death" The: te:rm 'myopathy' the:refore 

seems valtd '=l.nd 1 capture myop t':hy' Links the cl~n.ical and 

the autopsy picture to that ot an1mal capture. 'Overstra-

ining disease 1 is possibly a c .. .Jse contender o It suffers 

from t.he d.Lsadvantage that the te:cm ; disease e tends 'to have 

a less than acute correlation, ,md because some doubts 

have recently been cast o:f lhe l:•)le of 'overs tra.~ning 1 as 

a factor If death can indeed result on either massive 

anaerobic g:ycolysis or from nervous muscle tens~on, the 

term 'overs..:caining' has a mt.slead.Ln'::J connoc:ation associa­

ted w1th the dub1ous concept of dlsease due to long chases 

at undete~m1ne1 speeds. The term 1 d1sease' is further 

~nappropr:-tate 1n v1ew of the broad spectrum of symptoms 

exhib1ted by captured animals, and the djfferent manifest­

at1ons that occur as a result of the vacy1ng methods used . 

.For thl s .reason the desct: i.pt.ive term 1 syndrome' may be more 

approp.n ate- Whereas inev1tably the SLress of capture 

tends +-o pce:::lptt.axe bacter.1al a.nd ·:>":.her j.1.seases in cap­

tured wtld an1mals (in Kenya 1t was noted that captured 

black .rh1n0cet·os D~ce:.."'o~; b£JvY"nL3 from sJ-called 1 fly 1 dreas 

freqJently bUccumbed t::> trypanosom1asts unless treated 

pr::>phylactt~aily on captu~e - own recoyds~, ~t seems pref­

erenti.dl tJ separctte the clin:..cal entiu.es of capture myo­

pathy and possible 1ntercurre~t ~ntec~ions or enzootLc or 

eplz::>OtLC diSe~ses that may occar durlng quarantine or holding. 
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The cLinical and pest m::;rte:11 picture descr1bed :tn the various 

report.s on this synd:rome bear close comparison. These date 

back a decade when the pathological picture in animals that 

d1ed following mechanical captu:re was described by Jarrett, 

Jennings! Murray and Harthoorn (1964) from a specimen of 

the wild Hunter's antelope. The examination of pale areas 

in the skeletal muscle showed hyaline degenerat1on with 

loss of cross striation Some muscle fLbres showed trans-

verse breaks and some ·wholly degene.rated ll'li th marked pro­

l1ferat1on of the sarcolemmal sheaths giv1ng r1se to a bi-

zarre cellular appearance. The condition was described as 

'muscular dystrophy' and stated to be indlstinguishable 

histolog1cally .f:com 'white muscle d1sease' as seen in cattle 

suffe.cing ft.om Vl tamin E def.iciency from poor feeding or 

from ouerfeeding ce:rtain oxidant 'anti-vitamin E' substan-

ces-

A similar cond1tion has been referred to as 'muscle necrosis' 

by Young (19661 tn red hartebeest AZaelaphu3 b·use~aphuddescri­

blng lesions o.f discoloured muscle fLbres in the heart and 

skeletal muscle, as well as degenerative changes 1n llver 

and .kidneys - The princlpal clinLcal sign was paralysis, 

although seven other animals d1ed suddenly Wlthout manifes­

ting clinlcal s1gns. 

A con:li t:;.on ·Of l.a"J p.x:p,:;zZ:fB.id was reported 1n the greater and 

.1n the lesse.r: flam1 ngo Ph;eni:Yr...pter.Aa rA.ber l:"oseus and Phveniao-

r...:Jius m{YL:;Y· by Young (1967) o Here also the skeletal muscle 

f:.bres showed loss of the1.r str~ated appearance and were 
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changed .into a homogeneous mass together with rupture of 

the 1ndividual f1bres. Necrotic foc1 were found ln the 

myocardium. 

11 

Young and Bronkhorst {1971~ refer to Lhe condition as 

ijoverstra1ning disease 1 in game stating that t.he cl~nical 

signs usually appear at any t.l!Ile from a few hours to one 

to two weeks after excessive exerc~se. They describe 

degenerat1.ve muscle lesions and oompa:re the degenerat.ion 

to 'paralytic .myoglobinuria' 1..n the horse. The apparently 

1dentJ..cal condition has been described by Ebedes (1969) as 

occurring in oryx rJ.ryx gazel:la g-:xzo,Ua and 1.n a number of wild 

animals by Ba.sson, McCully, Kruger, van N1ekerk, Young, de 

Vos, Keep and Ebedes in 19710 Basson and Hofmeyr (1973) 

descr1be the condition as 'capture myopathy' and report 

that. i.t affe::::ted a number of antelope, i nclud1nq the red 

hartebeest, sprL1gbok, eland, oryx, roan antelope Hippatragus 

Aquinus, sable antelope, kudu Tr::zJelaphu.a ~:nr•epsf::·e:f',J'3 and nyala 

l'ragalaph:;.,a angaBi, :1s well d.S Burchell 1 s zeb.ra, mountain 

zebra E::JuiU~"' :ee.b':'a h:tr'fm,;;rmaf; ~ giraffe rJ ~r.:r.ffa c.JJT/el<Jpar•dalis, 

buffalo Syncerus .:;affe:t', the b1 ac.k :rhinoceros and even pr.imates 

and birds rhey scate that the condit1on has no seasonal 

inc1dence. Dedths up to one mont.h after capture in zebra 

were noted as d result of fibrotic lestons in the myocardiumo 

They report that myocardial lesions are found in elephant 

Loix.--:dJn1:'1: :2j'1 ;,.-;:-.;/J...l 1mmobi lised w1 th succiny 1 chol1.ne chloride 

afte c chas 1ng, .30 percent of the ca.rcase meat be 1 ng affected. 
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The cond.ition was described as occurr.1ng 1.n ba.boons Pap·io 

UT'sin:A.s , the young being more prone to the condi t.ion than 

large dominant males, by McConnell, Sasson, de Vos, Kuntz 

and van N.1eke::k 0972). They g~ve clinical symptoms as 

pa1n, s~lffness., and impropex functioning of certain 

muscles leading to pares1s, tort1coll1s, prostration and 

paralysis, Laboured resp.1ration and tachycardi.a "H th spo­

radic myoglobinuria.o The lesions are descr1bed as lighter 

grey-1.sh brown o.ften striated wi t.h haemorrhages due to 

rupture in skeletal and heart muscle. Histological 

exa.mtnat1ons show areas of degeneration and necrosis, min­

eralisation of ne.::totlc f.ib·res, sarcolemmal proliferation 

and fibros1s as ln. white muscle disease of domestic animals. 

Les1ons are described as occurring in kidney, adrenals, 

liver, spleen, lymph nodes and lung. The condition is 

compa.red to 'tra.nsp.:>:r.:t. myopathy' in c.attle transpo:rted 

over long distances under crowded cond1tlons, .and to 'par~ 

oxysmal paraly~ic myoglobinurla' of mdn as described by 

Seibold, Robe:cts and Wolf ( l97t J, 1 Whl t.e muscle disease' 

occurs l~ 11ve t:::;~.pped m::>untatn goat.s J:r'e.xrm.os :L"''1eiz.oanuc an::l 

has been described by Hebe~t and Cowan (1971) Secum 

giutamJ.c oxal0ac~r tc t:.:ca.nsami nase (GO'T) va.llles and the 

hlstolog~c~l changes 1n the mus~le tissue of the h1nd leg 

as well as .. _he symptomatolo':ly' Nere all stated to be compa­

~ible Wlth the d~agnos1s of factors such as 'selen1um defi-

ciency myopa'hY' oc 'whlte muscle dise:ase'. The muscle 

showed patchy degenerat1ve changes of either hyal1ne or 

gzanuiar ncttuze wh1ch were apparently consistent w1th those 

of 'wh1te mus-:le nut:citional myopo.thy' 1n cat.tle and sheep. 
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Other terms used .for the capture myopathy syndrome are 

0 capture 11sease!, 'stress myop.athy' a:nd 'polimyopathy'. 

Young \19721 described the cl..J.nical symptoms :in tsessebe 

and o:c~bl V:A.rebia cu:I'eb.:.-· as stiffness and. lameness, muscular 

tremors, te~rapl~gia and tortlcoll1s. Prophylact1c and 

subseq1.1ent. symptomatlc treatment w.1th vac1ous m~dicaments 

includ1ng vitamln E and selen1wn-conta1ning preparations 

and vi tam.i n B , calcium borogluconate, systemic ant.ibio­
~.~ 

t~cs, detoxicants, corticoids and ant1histam1nes proved 

to be of no avail ln clinically affected indlviduals. 

A difficulty 1n the establishment. ot capture myopathy from 

muscle changes observed at autopsy, is t.hat muscle. lesions 

apparently 1dent.1.cal to those resulting on overstrain1ng 

may occur afte.r death. 

A cond1 t.Lon of th1.s nat'Ure that causes changes in muscle 

f1b:res due to denatu:rati.·::>n wh:1ch 1n t.u:rn interferes w1th 

the opt1cal properties oL the surface to g1ve a characteri-

stlC pale colo~rLng h~s been referzed LO as 'pale muscle 

disease 1 or 'pale, soft, exudab.vel 1PSE) meat. It lS 

stated, h~wever, tha~ PSE meat cannot be produced unless 

there ls enough glycogen 1n the muscle for conversion t6 

lactic ac:d (Anonymous 1973). Furthermore PSE develops 

1n musc.tes of car:cases 'who5e pH at 45 mLnut.es post mortem is 

less than 6, 0 wh::Je the tempe.ratu.r:e 1s still 35 ~c or higher 

(McLoughL~o 1969', and 1s more prevalent .1.n pigs stunned 

by cap~tve bolt p1stol than 1n ele~trl=ally stunned p1gs, 

the fo:cme.r. develop1ng a lower mean pH (Klingbie1 and Naude 
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1972)o A decrease in muscle fibre s.1ze in carcases exhibi-

ting low pH soon after slaughter, was attributed to poorer 

water-hold! ng capacity of t.he myofJ.brillar proteins exposed 

to .rapid p:Jst mc:r:.em glycolysis (Carroll 1971) o The trans­

udation. of cellular fluids occurs, into the extracellular 

spaces of the muscle with a low pH (Dreyer, Naude and Gouws 

l972J. It was po1nted out by Naude (1972) that the accel­

erated glycolysis in the musculature occurs while the carcase 

is still JJarm ..:~.nd that the damage does not occur before death. 

Although this is a post mortem phenomenon, it is aggravated 

by the degree of stress experienced by the animal directly 

before or during slaughter, as well as by factors occurring 

.1mmediately after and leading to active muscular contraction. 

To the sevente,en dif.ferent terms used for the various forms 

of mQscle degeneration mentioned above, could be added Afri­

kaans te:rms CO:rrh"TtOnly used such as 1 oore.isingsiekte' , 1 vang­

spleJsiektej, 'spier degenerasie' and 'vangspiersindroom'. 

The term 'capture myopathy' has been selected as the most 

su~table to describe the syndrome that occura in wild ani­

mals after capture, a 1 though it is recognJ.sed that the post 

mort.em les.iDns may be influenced by the pre-capture nutri t­

lonal state, the condit.ton prevaillng at the time of autopsy, 

as well as by possible intercurrSnt lnfectious diseasei both 

the cl1n1cal symptoms and the autopsy picture tend to differ 

tn relation t0 whether the condition is of the acute, sub­

acute or m~re indefinite types. However, lameness and par­

ests appear to be constant symptoms and the term myopathy 
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is taken as relating t"o the clinical man1festations of lame-

ness, torticollis, etc. rather than to the appearance of 

th~ muscles at autopsy. 

STUDY AREAS 

PHYSIOLOGICAL work was performed on live animals in several 

parts of the Transvaal (Fig. 1}" The animals on which most 

of this work was performed were those captured for the pur-

pose from various areas and kept 1n paddocks or enclosures 

in centrally situated or conveniently equipped reserves. 

Thus, in many instances, the geographical and climatological 

aspects may be irrelevant to the experiments themselves. 

Among the exceptions are, however, the black wildebeest at 

SoAn Lombard Nature Reserve, where it has now been establi-

shed that a copper deficiency exists, on which mechanical 

capture techniques to prevent capture myopathy were inves-

tigated (Chapter Fifteen) . 

The physiological studies at Hans Merensky Nature Reserve 
I 

were carried out on sable antelope which had been captured 

for eventual relocat1on and had already been in small pens 

and on artificial or supplemented food for several months 

prior to the experiments. 

The studies using the exerc1se track at Percy Fyfe Nature 

Reserve were on animals brought from reserves as far afield 

as the S.A. Lombard Nature Reserve in the south western area 
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Figure 1: Map of the Transvaal showing main study areas, 
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of the Transvaal, and various farms in the Waterberg distr­

ict in the north western Transvaal, and here again, they 

had been penned in small enclosures on artificial food for 

several months prior to the experimentso 

Trace element work was carried out on li.ver samples Laken 

from animals culled for various purposes unrelated to these 

experiments, on various areas in the Transvaal as well as 

the Umfolozi/Hluhluwe complex of Zulvlando 

The nine major areas have been tabled (Table 2) with regard 

to altitude, longitude and latitude as well· as annual rain­

fall figures for the three year study period compared to 

norms taken over fifty years or so. The rainfall and 

temperature graphsare depicted in Fig. 2 to 6, 

ANIMALS USED 

THE animals included in this study number 104 of nine species 

namely, blesbok, nyala, tsessebe, blue wildebeest, black 

wildebeest, zebra, white rhinoceros, eland and sable ante-

lope. Individual numbers are the following: 

females males total 

blesbok 0 23 23 

nyala 0 2 2 

tsessebe 1 17 18 

blue wildebeest 6 8 14 

black wildebeest 0 4 4 
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Table 2; Geographical and climatological particulars of the 
main st~dy areas. 

r annual rainfall [mrn) 

+ 
1973 119 74 1975 1 t tt station lat. long. alt. zone· o o a o 

s E M 

I I 

1 
-j 

Lunsklip 24°01"' 29°07"' 1475 N "To 633.5 413,4 58·1.5 468.18 

Sa tara 24°24~ 31°47"' 275 L. 596,3 6•12. 3 666,4 557.6 

Hluhluwe 28°05 ... 32°03"' 452 E. 1119,/ 713,811267.1981,8 

I 
Mpila 28!)18"' 31°51"' 152 Eo 600,0 530,7 992,5 701,6 

Bloemhof '27!)39"' 25°36"' 1234 Sn. 469,1 718. •1 510.3,482,4 

Loskop Dam 25°24"' 29°22"' 1009 Nolo 817,5 517,5 885,7 719,7 

Skukuza 24°59"' 31°36"" 263 L 692.7 686.8 ,551,41575,7 

Eiland 23©40~ 30°40,.. 457 ' 525,0.763,51626,7 579,3 1_, 

Jan Wassenaar 24°31"' 3~ 0 04"' 580 L~ 750,01693,11743,21481,85 
D.am 

t N.L 
L. 

Northern Transvaal; Hot Steppe with summer rainfall (BShW mainly) 
~owveld (Eastern Transvaal); Hot Steppe (Savanna] with summer 
rainfall (BShW) 

tt 

E. 
Sn. 

East Coast Regioh. Natal 
- Northern Steppe (Northern Cape Province & western Orange Free 

State); Steppe, summer and autumn rainfall (BS[Kh)W) 

1. t" a. = long term averages - note most ·figures here are above average 
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Figure 2: Rainfall in three Transvaal Provincial 
nature reserves. 
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Figure 3 Temperatures in three Transvaal 
Provincial nature reserves. 
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Figure 4: Rainfall in two Transvaal game and 
nature reserves. 
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Figure 5: Temperatures in three game and nature 
reserves. 
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Figure 6: Rainfall in three game reserves. 
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females males total 
~ 

zebra 6 11 17 

white rhinoceros 3 4 7 

eland 5 5 10 

sable antelope 0 9 9 

21 83 104 
·--' ·-- ~-·-

The number of experiments performed were 43 on a total of 

4 491 samples (Table 1 for details) o It should be noted 

that four black wildebeest are not included i'n Table 1 as 

they were used for the adaptation to stress in training 

experiments, and the 20 samples taken have not yet been 

processed. 
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CHAPTER TWO 

TECHNIQUES 

INTRODUCTION 

MoDIFICATIONS of existing methods were necessary, and in 

some cases entirely new techniques had to be evolved, to 

enable the work with wild animals to be carried out" Mea­

surements of physiological parameters had to be performed 

on animals that tended to move or struggleo Electrocar-

diagram tracings were at first virtually unobtainable owing 

to interference until a method was developed whereby the 

legs and horns were wrapped in layers of plast.Lc garbage bags 

so that they could be held for restra1nt without electr1cal 

interference from the handlers. All equipment had to be 

rendered completely portable so that it could be used 1n 

make-shift surrounds using current from a generator or an 

inverter with car battery. 

INDUCTION OF LOCOMOTORY STRESS 

AT an early stage into this work it was found necessary to 

induce locomotory stress on an experimental and controlled 

basis, rather than to work with animals captured .for conser­

vation purposes. The latter were often not available for 

25 
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monitoring procedures and could not be exam1ned on subse­

quent days and weekso 

Locomotory stress was induced in two ways. Firstly, in 

free-living animals mainly in the Kruger National Park by 

overhauling, using two vehicles over a monitored t.Lme and 

distance, and on one occasion by driving 18 blesbok 1nto 

nets in a 600 ha paddock at Percy Fyfe Nature Reserve, and 

secondly, on a specially constructed track. 

FREE LIVING WILD ANIMALS 

ZEBRA and blue wildebeest were selected at random from wild 

herds in the Satara, Lindanda, Mananga and Mtomene areas of 

the Kruger National Park, and subjected to a chase of appr­

oximately 2 km distance to simulate conventional capture 

methods. Final capture was effected by seizing the running 

animal by ears and tail from both sides from the two purs­

uing Land Rovers or trucks. This procedure prevented any 

additional dyspnoea or anoxia occurring from pressure of a 

rope around the neck" 

Immedtately the animal stopped running, it was placed on its 

side on a plastic tarpaulin by manual restraint and the legs 

were tied (front and hind limbs separately, not front to 

back which hampers breathing) , each pair o.f legs being res­

trained by two assistants, and the head held separately and 

blindfolded. Young animals were selected, zebras, one to 

two years old and yearling wildebeest, as it was found that 
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adult stallions and bulls could not be captured over a short 

distance, and when eventually caught tended to die of hyper­

acute capture myopathy with blood pH values incompatible 

with life. As soon as the animal was restra1ned, measure­

ments were made of the respiratory rates, heart rate and 

rectal temperatureo During this procedure, the truck used 

as a field laboratory unit would drive to the spoto In 

some cases where the animals were small, and in all cases 

during the latter half of these exper1ments, the zebra or 

wildebeest would be put onto the truck and take~ to the 

field unit. This latter procedure had considerable advan­

tages in that all apparatus could be readied in the correct 

position for the animal's arrival; electric current switched 

on, and apparatus such as the electrocardiogram·warmed upo 

The 18 blesbok were sampled for arteripl and venous blood, 

and only clinical parameters of heart rate, respiration and 

body temperature were recorded" 

MoNlTORING PRocEDURE 

THE sequence of events adopted to mon1tor1ng the various 

parameters was the following. The order ~s approx1mate 

and several aspects of this procedure were usually perfor­

med simultaneously. Peripheral blood samples were taken 

from the recurrent tarsal vein in 'Venoject' tubes. The 

jugular furrow was clipped, cleansed and disinfected, as 

well as the part of the right flank for aortic puncturec 

The jugular vein was then punctured with a 12 gauge needle 

and a 'PE 200 Intramedic' catheter passed via the jugular 

vein into the right heart. Local anaesthetic was induced 
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in the area for aortic puncture. A small stab wound was 

made to insert the needle for aortic puncture 6 through which 

a 'PE 50' or a 'PE 100 Intramedic' catheter was passed into 

the posterior aorta. Mixed venous; arterial ·and capillary 

(from ear capillaries) blood samples were taken at regular 

intervals. The electrocardiogram leads were connec~ed to 

the chest and limbs. . Electrocardiogram, venous~ atrial, 

ventricular and pulmonary artery pressures were monitored. 

Systemic blood pressure was measured simultaneously w1th 

the electrocardiogram. Environmental temperature and rel­

ative humidity were taken. A second catheter was inserted 

into the jugular vein and passed into the pulmonary artery, 

after which cardiac output was computed" Rectal tempera-

tures were compared with core temperatures taken in the 

pulmonary artery" 

These procedures were repeated as far as possible every 30 

minutes. After the aqimal was treated and observat~ons 

carried out for a further hour to hou:r-and-a-half, the 

animals were either clearly marked and released. or number­

ed and taken back to the pens at Skukuza for continued 

observation and regular sampling. 

A similar procedure was carried out during the capture of 

the 18 blesbok in paddocks in the nature reserveo 

CAPTIVE ANIMALS 

ANIMALS were released from pens or driven from small holding 
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paddocks singly into the small circle of the f.igure of eight 

exercise track. The vehicle used for chasing had previously 

been stationed in the large circle (see section on the ex-

ercise track in the Chapter). A gate was then opened 

long enough to allow the animal to move .f:rom the small to 

the large circle just in front of the vehicle wh1ch then 

moved around the track at a slow speedo As soon as the 

animal passed a monitoring point, the time was recorded 

with a stopwatch and the vehicle accelerated to 30 km/h. 

Sixteen laps were then made at a speed as near as pvssible 

to the 30 km/h although the animals usually slowed down 

considerably towards the end. At the termination of six-

teen laps of 125 m each, a gate was opened to channel the 

animal into the small circle. There it was perm1 tted to • 

slow down and eventually be caught in a wooden crush. It. 

was blindfolded while standing up and led lnt.o the area 

inside the small circle where straw bedding covered by a 

tarpaulin and shaded by a second tarpaul1n had been pre-

pared. Tables were available .for glasswa·ce, although the 

instruments were run from the back of the labo:rato·ry unit 

as for free-living animals. An electric fan for cooling 

the animals was used during the hot. weather so that work 
I 

during the summer was possible. 

Casting was performed manually in the case of small antelope 

and Reuff's method (Fig. 7) of casting was used for eland. 

The procedure then followed that for free-liv1n.g an1mals, 

with variations according to the object of the particular 

experiment. 
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Figure 7: Reuff 1s method of casting applied 
to tamed eland at Percy Fyfe Nature 
Reserve. 
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Sampling (twice weekly at first, with large:r int.ervals as 

the parameters approached normal) for peripheral blood was 

performed in the standing position using the manual restraint 

and a blindfold on animals such as tsessebe, and ~fter cas-

ting for animals such as elando Neither procedure appear-

ed to influence the smooth transition ;)f enzymes to normal 

levels. 

THE EXERCISE TRACK 

DIMENSIONS OF TRACK 

The general shape of the structure is that of a f1gure of 

eight. The top half of the figure consists of the ma.~n 

exercise track which surrounds a large paddock. The lower 

half of the 'eight' is formed by a run-off track which is 

smaller in width and length and also encloses a paddock. 

There are a number of gates strategically pla~ed to f~cili­

tate direction of run as desired (Fig. 8 to 11)" 

The structure covers a total area of 2 116,9 m~. The area 

of the main paddock with track is 1 362,5 m2
g the diameter 

of the paddock being 39 m and the trdck 1tself being 290 em 

wide. The run-off track is one metre wide enclos1ng a 

paddock of 30 m diameter;. The crush is 70 em w1.de" 

The length of the main track is 125 m, and therefore eight 

laps are needed to complete a 1 km run. The run-off track 

is 95 m long and leads into the corridor adJacent to the 

holding pens. 
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Figure 8: Plan of exercise track for the production 
of controlled locomotory exercise situated 
at Percy Fyfe Nature Reserve. 

Figure 9: Position of gates of exercise track 
prior to chase. 
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Figure 10: Position of gates of exercise track 
during chase. 

vehicle _ __.,.:4111.::"'11 
stationary and 

awaiting next 
group 

Figure 11: Position of gates of exercise track 
after chase. 
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The height of the walls and the gates, is 245 cmo The 

circumference of the main paddock is 122,5 m with the smaller 

paddock having a circumference of 94,2 m. 

As river reeds were used to cover both the walls and t,he 

gates, it is difficult to discern w~thout close inspection, 

from inside the track itself, where the wall ends and the 

gates begin. This is advantageous as it prevents the ani-

mals being distracted, thus facilitating a smooth and con-

trolled chase. Inside the paddocks are several trees for 

shade, and food and drinking troughs when used for hold1ng 

animals. 

MATERIALS 

There are six large gates 245 x 308 em (8' high and 10' 

wide) and two gates measuring 245 x 100 em· (H 1 high and 

3 1 3" wide) . One hundred and fifty solignum poles we:ce 

used, measuring 308 em {10 1
), 245 em (8 1

) of ·which is above 

the ground. These are 13 em (5,5 inches) i.n dt;;lmeter, 

except for the poles used as supports by the gates, which 

are 16 em (6,5 inches) in diametern Along the walls they 

are placed two metres aparto 

Twenty tons (metric) of locally acquired river reeds were 

used to cover the walls and gates. Other materials are 

items such as high tensile fencing wiref barbed w:;.re, mesh 

wire, etc. 
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ADRENALINE STRESS IN lMMOBILISED SABLE 

A series of nine captive surplus sable antelope bulls were 

irnmobilised and subjected to a slow infusion of adrenaline 

in physj.ological saline solution (Chapter Eleven) . 

One animal only was handled .on any day. The door of the 

pen was opened to give access to a corridor ending in a 

crush. Once in the crush the animal wa·s injected with a 

mixture of fentanyl citrate, azaperone and xylazine hydro­

chloride at the dosage rates tabled in Appendix A. 

As soon as the drugs took effect the animal was taken from 

a ramp onto a pick-up truck and transported 200 m to a suit­

able area equipped with a table, electric powe~ socket and 

shade. Here the animal was placed in right lateral recum­

bency with the head and neck on a grass-filled bag and with 

the mou~h lower than the rest of the head. Light immob­

ilisation was used and the animal restrained ln a manner 

similar to that described above except that each leg was 

held separately and particular care was taken to insulate 

the animal from the handlers so as to obtain trustworthy 

electrocardiogram tracings. 

The jugular furrow was then clipped, cleansed and disin­

fected and similarly the skin of the recurrent tarsal vein. 

A catheter was then inserted into the latter for regular 

sampling of peripheral blood and for infusion. Catheters 

were inserted into the jugular vein for blood pressure re­

cordings and cardiac output estimations. Systemic pressure 
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was determined using a sphygmomanometer cuff and stethoscope. 

Rectal temperatures were recorded with a clinical thermo-

meter, and checked against the core temperature from the 

pulmonary artery. All parameters were mon~tored every 

half hour for several hours. In all cases lt was necess-

ary to use an electric fan and to moisten the bojy on ac-

count of a rapid and sustained rise in body temperature. 

INFUSION 

THE infusion administered to free-living animals approx-

imately one hour ~fter capture consisted of one litre 

physiological saline or 'Normosol' (a balanced solution of 

blood crystalloids- Chapter Four) to which 1 000 m-equiv. 

sodium bicarbonate had been added. The l1qu1d was infused 

into a superficial leg vein in two equal parts. Blood 

samples for pH (as well as P0 2 , PC0 2 , haemat.ocrtt, plasma 

bicarbonate, etc.) were taken just before infusion, five 

minutes after infusion of 500 m-equivo and f1ve m1nutes after 
. 

completion of infusion. Capillary samples were taken as 

well as the central mixed venous and arter1al samples for 

haematocrit, P0 2 and Pco; estimations, before, during and 

after infusion. 

Adrenal~ne was administered as 2 mg adrenal1ne per litre 

saline given over 60 minutes, followed in most cases by 

another, or part of another infusion prepared in the same 

way as infused into the recurrent tarsal ve.in through an 
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indwelling catheter. 

All infusions were prepared in one-litre 'Flex-flac' dis­

posable soft infusion packs. The bicarbonate was added 

previously in the laboratory, the pack resealed and clearly 

marked. The adrenaline was added one hour or so before 

infusion. 

CLINICAL PARAMETERS 

HEART rates were determined by direct auscultation using a 

stethoscope and stop-watch over half a minute" An attempt 

was made at'the same time to determine whether abnormal 

heart sounds or cardiac dilatation was in evidence. The 

character of the heart sounds was noted as well as the rate 

on sheets prepared for the purpose of these experiments 

(Appendix B) . 

Respirations were counted by direct observation of the 

flank over one minute using the second-hand of a wrist 

watch. The character of the respirat1ons was also noted 

and any degree of cyanosis by observation of the conjunctiva. 

Body temperature was recorded using a cli.nical thermometer 

pushed completely into the rectum, These observations, 

made every half-hour were checked at regular intervals with 

the core temperature. The latter was taken with a thermi-

stor in the pulmonary artery which was observed from a meter 
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on the cardiac output computer. The thermistor was mount-

ed on the extreme tip of a catheter and the location in the 

pulmonary art~ry was checked by "the charact.er of the recor-

ded pulse waves. 

In addition to the parameters mentioned above, which were 

recorded every half-hour, regular checks were made for signs 

of bloat, dyspnoea or cyanosis, possible obstruction of 

breathing and so forth. 

PHYSIOLOGICAL PARAMETERS 

BLOOD PRESSURES AND INSERTION OF CATHETERS 

VENous, RIGHT ATRIAL AND VENTRICULAR., AND PuLMONARY ARTERY 
-- -~------

BLOOD PRESSURES 

A 'PE 200 Intramedic' catheter was passed through a 12 gauge 

needle inserted into the jugular vein" The proximal end 

of the catheter was equipped with a 'Clay-Adams' plastic 

catheter adaptor for luer syringes or for a pres~ure tfans-

ducer. The distal end of the catheter was notched to pre-

vent possible sealing by a small blood clot act1ng as a 

valve, and small pin-holes through the wall, five centimet-

res from the end to reduce reboundo The catheter was care-

fully filled with heparinised saline before insert1on, and 

distances marked along its length using an 'Artline' water-

proof felt-tipped pen. 
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Entry into the ventricle was usually obvious from the thrill 

of pulsations transmitted to the free end of the catheter" 

Central venous blood samples were taken before flushing and 

connecting to a 'Bell and Howell' transducer and 'Devices' 

recording module. The transducer was la1d on a sand-bag 

placed behind the animal at heart level. Subsequent blood 

samples and flushing and repeated determ1nation of the base 

line was carried out through the three-way tap system sit­

uated between the 'Clay-Adams' adaptor and the transducer. 

The location of the catheter in the ve~n, heart or pulmonary 

artery was•readily indicated by the character~stic pulse­

waves on the recording paper. 

SYSTEMIC BLOOD PRESSURE 

THE skin area to be punctured was clipped, cleansed with 

'Savlon', detergent soap and disinfected with 70 percent 

ethyl alcohol and anaesthetised with procaine hydrochloride 

before making a small stab wound with a 'Bard-Parker rib-back 

no. 10' pointed scalpel blade. The puncture wound prevents 

deformation of the needle on entry, and fac~litates easy mo­

vement and therefore sensitive explorat1on of the tissues to 

feel the throb of the posterior aorta. For early work, a 

'PE 100 Intramedic' catheter was passed through a 28 em long 

15 gauge needle (custom-built) inserted into the posterior 

aorta through the upper right thirteenth intercostal space in 

zebra and the ninth in ruminants (F1g. 12 to 15). After a 

death due to sudden uncontrolled struggling 1n one zebra, 

a 'PE 50' Intramedic' catheter was used through a 17 gauge 

needle. In each case, the needle was withdrawn as rapidly 
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vertebra _________ ~~._--~~ 

lt-t-~r~n------- right lung 

~:---t----lo.r~~------ aorta 

--'\--~t'T-----1 i ver 

t-----------~~~---------venacava 
caudalis 

RJncture of the aorta in this region avoids damage to 
vital organs such as the kidney which lies caudad. 
After puncture the needle is replaced by a catheter 
pointing cephalically towards the heart. 
(adapted from Lagerlof 1930) 

Figure 12: Section through 11th thoracic vertebra 
in ruminant showing position o£ needle 
and catheter. 
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ANTERIOR VIEH 

9th thoracic 
+--~~~~~----~~----------vertebra 

-~---~----left lung 

dorsal sac 
+-----+--of rumen 

'--~~-~--------~---rumina­
reticular 
orifite 

RJncture at this level (between the 9th and 10th 
ribs) entirely avoids the liver but is likely to 
involve the lung. 
(adapted from Lagerlof 1930) 

Figure 14: Section through 9th thoracic 
vertebra in ruminant. 
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This diagram illustrates how both the right and the left 
sides of the heart may be catheterised. The catheter 
on the right side passes through the heart into the pul­
monary artery, but the tip of the aortic catheter is 
placed in the aortic arch. 
(adapted from Sisson and Grossman 1947) 

Figure 15: Positions of pulmonary artery and 
aortic catheters in zebra. 
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as possible after puncture. The saline-filled catheter 

was inserted into the needle before puncture of the aorta 

to prevent massive back-bleeding and on puncture of the 

vessel passed for approximately 50 em cram.ally before 

withdrawing the needle. The needle and catheter were then 

taped onto the skin alongside the spine, so as to lmmobilise 

the catheter and el!jjminate drag from the weight of the 

needle. The catheter was connected to the recording mod-

ule in the way described for pulmonary artery pressure re-

cording. In addition this catheter and the three-way tap 

assembly (Fig. 16) subserves the dual purpose of recording 

the blood pressure ori a semi-continuous basis on the same 

paper strip as the electrocardiogram, and for carefully 

timed collection of arterial blood samples" Where this 

procedure was not followed as in small antelope, arterial 

samples were obtained by direct puncture of f-l. superf.icial 
' < ' 

artery using a 2 cc glass syringe and a 22 gauge 50 mm 

needle. 

ELECTROCARDIOGRAM 

THE electrocardiogram was recorded with a 'Devices' recor-

der on heat-sensitive paper at speeds of '10 to 25 mm per 

second. For skin electrodes, 15 gauge 60 rom needles were 

used inserted under the skin near and just above the carpus 

and tarsus and near the apex area of the heart on the chest 

and held in place by two silk sutures; one picking up the 

needle near the point and under the skin, and the other 

over the boss. All leads (ten)· were run, but for regular 
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-.:!' 

wire .probe 
inside catheter 

leading to 
cardiac --+II 

output 
computer 
and blood 
temperature 
measuring apparatus 

pressur~ 

sensitive 
transducer 

leading to blood 
pressure 
monitoring apparatln 

3-way 
directional 
Jlow tap ----. 

screw to close 
free run through 
of catheter 

catheter leading 
via right side 
of heart to 
pulmonary artery 

syringe wHh 

---- heparinised 
saHne 

Figure 16: Three-way directional tap system for the simultaneous 
measurement of blood pressure and cardiac output. 
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half-hourly recordings, one lead only was used, usually 

lead number two. 

CARDIAc OuTPUT 
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CARDIAC output was measured using a 'St Thomas Hospital' 

cardiac output computer; ('Devices') working on the prin­

ciple of thermal dilution. Most of the work was performed 

with a borrowed instrument which necessitated two catheters 

in the pulmonary artery. The second catheter (B) was 

therefore passed into the jugular vein well caudal to the 

first to enable a short probe to reach the correct distance. 

This latter catheter contained a heat-sensitive thermistor 

probe. When this c,atheter was in the correct position as 

indicated by the conformation of the pressure waves, the 

original catheter (A) was partly withdrawn so that its tip -

according,. to the distance markings made on the catheter 

(see above) - was lying at a distance of 15 -::m behind the 

tip of catheter B containing the probe, 

'l'he reference electrode of the computer was placE1d in sa­

line at a temperature of 18 to 20 "c placed in a '500 cc 

beaker inside a 'Thermos' vacuum jar. The cardiac output 

was measured by injecting 10 ml of this saline (with a 

syringe previously placed in the saline snlution to acquire 

a same temperature) into catheter A whereupon the thermal 

dilution was measured by the probe 1 n catheteJ:: B 0 

The catheter provided with the instrument and carrying the 
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heat-sensitive probe proved unsuitable for u:e with the test 

animals, being too thin to carry adequately t~e wave form­

ations necessary to determine the location in the pulmonary 

artery, and other problems. The th1.n catheter and probe 

were therefore plac,ed inside a 'PE 200 Intramed:.c' catheter 

as routinely used for registering pulmonary arteJ:y pressures. 

In this manner the probe was readily introduced into the 

pulmonary artery, and the positions of the tips of each of 

the two 'PE 200 Intramedic' catheters readily assessed. 

To enable a recording to be made through this assembly a 

special adaptation was constructed from a combination of 

T-pieces and three way tap as depicted in F1g. 16. This 

adaptation enabled the pulmonary artery pressure to be re­

corded through the 'PE 200 Intramedic' catheter without 

loss of pressure in the catheter which causes back-bleeding 

along the probe, and subsequent clotting as the heparinised 

saline is lost. This modification worked well and proved 

superior for our purposes to the multiple catheter assem­

bly supplied with a later cardiac output computer subseq­

uently used. 

CoRE TEMPERATURE 

CORE temperature was recorded .in the pulmonary artery using 

the thermistor probe of the cardiac output computer. As 

previously established {Bligh and Harthoorn 1965} the rectal 

and core temperature fluctuate in respect of each other but 

at no recorded point differed by more than 1 ~C, and usually 
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showed much closer correlationo These results were used 

to corroborate the efficiency of rectal temperature meas-

urements in the manner used, ioe. th,e clinical thermometer 

was placed completely inside the rectum and left in that 

position for a time not less than one minuteo 

BLOOD SA~PLING 

BLOOD samples were taken in four different ways:-

CENTRAL VENous BLoon SAMPLES FoR PHJ P0
2
J PC0

2 
AND HAEMA­

TOCRIT DETERMINATIONS) AND ARTERIAL SAMPLES DRAWN fROM THE 

PosTERIOR AoRTA 

FoR these purposes 5 cc polypropylene d1sposable syringes 

were used. The dead-space of the syringe was filled with 

heparin solution BP 5 000 I.Uo/ml. Exactly 5 ml blood 

was drawn to ensure standard dilut1on of the heparin; a 

factor of less than one percent. The syr1.nge was immed-

iately closed with a small rubber bung on the end of the 

needle. The syringe had been previously labelled,and then 

enclosed in a small plastic bag before being placed in ice-

water carried in 4,5 litre vacuum jars" 

Immediately on taking the sample the syringe was rolled 

between the palms of the hands or twir~ed by the boss of 

the needle to ensure thorough mixing of the blood with the 

heparin solution. 
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PERIPHERAL ARTERIAL SAMPLES 

WHERE the aorta was not catheterised, arte.rial samples 

were obtained by puncture of a superficLal artery on the 

medial surface of a limbo For this purpose it was ne-

cessary to use a syringe where the plunger moved with a 

minimum of friction so that the force of the arterial blood 

was able to fill the syringe immediately the vessel was 

punctured. For this purpose 2 cc glass syringes were used 

with 22 gauge 50 mm needles. Free movement of the plunger 

was ascertained after moistening with heparin before use. 

The dead-space was filled with heparin solution and pro­

cedure followed as for central blood samples above. 

PERiPHERAL VENOUS SAMPLES 

PERIPHERAL blood for blood enzymes and for metabolite est­

imation was drawn from a superficial vein, usually the re­

current tarsal, without stasis and using a 'Venoject' 

10 ml vacuum tube assemblyo Heparinised tubes were used 

for lactate, and plain tubes to provide serum for CPK, LDH, 

GOT and GPT estimation, se:rum be~ng more stable than plasma 

(see below), as well as blood urea nitrogen, urea and creat­

inine. For certain experiments only, namely for the inf­

usion work on sable antelope where a large number of peri­

pheral samples were required exceeding that of other exper­

iments, and to facilitate infusion, peripheral blood was 

drawn into 5 cc syringes from the recurrent tarsal ve.in using 

an indwelling 'Steril-Peel Desaret Intercat.h' intravenous 
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catheter so to preclude excessive number of venepunctures 

and destruction of the ve'in. 

CAPILLARY SAMPLES AND MICROHAEMATOCRITS 

CAPILLARY blood was taken from the ear after depilation 

and careful shaving off the outer skin layers of a small 

area on the edge of the pinna. 'Heraeus Christ' hepari­

nised capillary tubes were used for haernatocrit determin­

ation, using both capillary blood and central venous blood 

collected as above, Capillary blood for 'Astrup' work was 

collected using 'Radiometer' hepar1nised capillary tubes. 

A mixing wire 1 em long was 1nserted and the ends of the 

tubes sealed with plasticine~ A magnet was passed rapidly 

up and down the length of the h1be to activate the mixing 

wire and ensure t.horough rn1xing of the blood and hepar in. 

The tubes were labelled .1n batches and placed in ice-water 

as for syringeso The small series of samples for capillary 

blood vessel mi.crohaematocrit detecminat..ions using sillcon­

ised hard glass capillary tubes were heat sealed at the 

upper (dry) end, and stored vert1cally Routine samples 

for haematocr.it determination were taken from the central 

blood after collection in a syringe. Prior to filling the 

haematocrit tube the syr1.nge was again thoroughly agitated 

by rotation to reverse the effects of sedimentation, and the 

first few drops from the nozzle dLscarded before introduction 

of the end of the capillary tube. Haernatocrit values were 

determined in a microfuge holding 24 micro-haernatocrit 

tubes and spinning at 14 000 revolutions per minute for ten 
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minutes. The values were then read with a microhaemato-

crit reader. 

TESTS FOR STABILITY IN SERUM AND PLASMA 

INTRODUCTION 

DELAYS were often experienced in getting samples back to 

the base laboratory for analysis. In spite of carrying 

all plasma and serum samples in vacuum Jars on ice at all 

times and storing these at sub-zero temperatures, degener-

ative changes .in the serum and changes 1n t.he levels of 

various blood constituents became evident. It was there-

fore decided to establish the rate at which these changes 

took place. As it is customary to use either plasma or 

serum for tests on the relevant blood constituents such as 

LDH, GOT, etc., changes in both plasma and serum have been 

tested. 

MATERIALS AND METHODS 

ALL blood samples were placed in ice-water 1.mmediately after 

collection and centrifuged within one hour. Only samples 

free from haemolysis were usedo Three enzymes were cons-

idered separately .• The d1.fferences in values were compa-

red from the first day of analysis to the 11th, 12th or 13th 

day of analysis, in both plasma and serumo 
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RESULTS 

THE statistical results are as follows: 

GOT plasma t = 2!426** serum tit -· 1,278 not significant 
It 

GPT plasma t4 = 2,818** serum t,_, = 0,997 not significant 

LDH plasma t 4 = 0,596 serum t'+ '"" 1,117 not significant 
not significant 

The signed rank test of Wilcoxon lead to the same conclu-

sions. The observations can be considered as normally 

distributed within reasonable limits according to the 

rankits graph plotted for these valueso 

DISCUSSION 

FoR GOT and GPT, serum appears to be significantly more 

stable than plasma over a period of time for the purpose 

of analysis. There is no significant difference in the 

LDH results. 

MEASUREMENT OF P0
2

J PC0
2 

AND PH 

THESE parameters were measured with the use of an 'Astrup' 

radiometer and pH meter. The equipment comprised a rad-

iometer with built-in waterbath, suction pump, saline and 

other reservoirs, rinser, also pH (capillary), P0 2 and PC0 2 

electrodes, humidifiers and gas selectoro The radiometer 

was coupled to a pH meter with a visual digital display 

for pH, PC0 2 and P0 2 • Attached to the radiometer was a 

** denote levels of significance - see 'Statistical Methods' in this chapter. 
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manometer (gas mixing apparatus) for mixing required conc­

entrations of air and C0 2 pressures. The manometer was 

linked up to medical cylinders of a1r and C0 2 • 

The radiometer and pH meter were set up as near as possible 

to the experimental site wherever mains electr.J.c power was 

available. The blood samples were analysed at a tempera­

ture of 38 °C and corrections were made for changes in 

acidity according to the time the blood remained in ice­

water between drawing and analys1s. The measurement of 

the blood samples involved three determinations. Firstly, 

the pH was measured on the anaerobic blood sample after 

this had been drawn into the capillary elect:rode which re-

quires a minimum of 25 111 blood. The measurements were 

made against two precision buffers at a pH of 6,841 and 

7,383 respectively. Micro quant.i ties of blood were intra-

duced into two more chambers which were kept at a constant 

temperature. Subsequently they were vibrated while succ­

essively equilibrated with two (4 percent and 8 percent) 

C0 2 tensions from certified cylinders which were passed 

through humidifiers and temperature-controLled systems to 

the equilibrium chamberso The pH of the two samples was 

read after three minutes' equilibration. These two pH 

values and their corresponding C0 2 tensions were plotted. 

Using the actual pH as an entry, PC0 2 was derived from this 

line. Because of 1nherent inaccuracy of the method when 

applied to wild animals the PC0
2 

in the later stages of 

the experiment was measured directly with a PC0
2 

'E 5036' 

radiometer electrode. Similarly the P0 2 tensions were 
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measured with P0
2 

'Clarke'-type 'E 5046' radiometer elect­

rode. 

MuscLE PH 

THIS was determined on a Lim~ted number of cases by meas­

urements directly on the muscle fibres. A portable pH 

meter was used with a narrow probe. It possesses an 

enlarged scale sensitive to 0,01 pH units. Buffer solut­

ions and distilled water were carried in plast~c stoppered 

containers and corrections were made for the difference in 

temperature of the animal and the buffer solutions. The 

probe was inserted through a stab wound made in the skin 

after injection of local anaesthetic. The muscle fibres 

were separated by blunt dissection with a 'Spencer-Wells' 

naemostat. 

COMPARISON OF 

ACID-BASE 

METHODS TO DETERMINE 

LEVELS IN BLOOD 

MATERIALS AND METHODS 

A series of five tame blesbok were usedo These animals 

had been kept under captive cond~tions at the Animal and 

Dairy Research Institute at Irene s.1nce birth and were 

therefore relatively tractable for handling and drawing of 

blood samples. 
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pH, PC0 2 and P0 2 levels were derived in three ways. By 

calculation from. the Siggaard-Andersen Curve Nomogram; from 

direct measurements with a 'Severinghaus' PCO~ electrode 

and also by calculation with an acid-base s1mulator using 

central venous, arterial and capillary blood. 

RESULTS 

FoR each animal, the result of each method was ranked in 

numerical order and Kendall's test of concordance applied. 

The formula for this test is discussed under the section on 

statistical methods in this Chapter. The actual results 

are tabulated in Chapter Three under the acid-base section. 

The resulting concordance coefficients for each parameter 

on arterial blood was as follows: 

pH w = 1,000*** 

PC0 2 w ·- 0,92179*** 

P0 2 : w = 1,000*** 

The rank correlations were as .follows: 

pH : . J' 12 = 0,8'41*** P0
2 : J' 12 = l,OOO*** 

J' 13 = 1,000*** 1' := 
13 l,OOO*** 

r = 
23 

0,841*** J' 2.3 = l,OOO*** 

PC0 2. r 12 = 0,875*** 

r = 13 
0,818*** 

r = 23 0,953*** 

Both the rank correlation coeff1cients and the concordance 
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coefficients are highly significant, 

DISCUSSION 

ALL three methods are in highly significant. concordance 

with the results on all three parameters measured on art-

erial blood. However, the results obtained on venous 

56 

blood would appear unreliable with regard to PC0 2 , although 

there is too little data for this to be proved statistically. 

pH and P0 2 measurements are identical for each method on 

venous blood, and can therefore be said to be in concord­

ance. 

GLUTAMIC OXALOACETIC TRANSAMINASE 

AND 

GLUTAMIC PYRUVIC TRANSAMINASE 

SERUM or plasma may be used for the determination of these 

enzymes although serum is more stable for certai.n periods 

of time (see section on stability tests in this Chapter). 

The procedure follows that described in the standard test 

kits ('Lange'), and is measured on a 'Lange LP 3 1 spectro­

photometer. 
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SERUM or plasma may be used but see prev1ous page. The 

procedure follows that described in the standard 'Boehringer 

Mannheim' test kits, and is measured on an 'LP 3' spectro­

photometer. 

LACTATE 

PREPARATION of the freshly collected blood is necessary in 

the field inunediately on collection. Perchlor1c acid 5,15 

ml 70 percent (or 6,5 ml 60 percent) is first diluted with 

distilled water and made up to 100 ml. Thts is placed in 

ice-water prior to use. As the blood samples are taken, 

1,0 ml of the diluted perchloric ac1d is pipetted into an 

empty 'Venoject' tube or 10 cc centf'lfuge tJ.be Using a 

500 ~1 'Socorex' p1pette, 0,5 rnl of the fresh sample is then 

pipetted into the perchloric acid and rn1xed well. 

At the laboratory, the mixture is centrifuged for 10 minutes 

at 3 000 r.p.m. The supernatant fluid Ls drawn off and 

used for analysis. The procedure follows the standard 

'Boehringer Mannheim' test, and 1s performed on the 'LP 3' 

spectrophotometer. 
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POTASSIUM 

SERUM, free from haemolysis, is used for this test. The 

procedure follows the standard 'Haury' test method, and is 

performed on the 'LP 3' spectrophotometero 

UREA AND BLOOD UREA NITROGEN 

FRESH serum is used for this test which follows the proce­

dure of the standard 'Urea (Harnstoff)' test kit of 'Lange' 

and is measured on the 'LP 3' spectrophotometer. 

CREATININE 

FRESH serum is used for this test which follows the pro­

cedure of the standard 'Lange Kreatinin' test kits, and is 

measured on the 'LP 3' spectrophotometer. 

SEPARATION OF MYOGLOBIN AND HAEMOGLOBIN 

THE presence of both haemoglobin and myoglobin in the plasma 

of animals subjected to muscular stress was first determined 

by the well known method of salting out using .two different 

concentrations of sodium sulphate. Since only small quan­

tities of blood plasma were available, this method was 
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impracticable for quantitative determination. Subsequently 

a series of samples was subjected to 'Starkeblock-Elektro­

phorese' (starch gel) according to the method of Marti 

(1961) and as described by Osterhoff, Ward-Cox and Pieterse 

(1971). Effective separation of myoglobin and haemoglobin 

both in serum samples as well as in artificially prepared 

mixtures of known composition of weights of crystalline 

myoglobin and haemoglobin was achieved. Approximate quan­

titative estimations were subsequently obtained colorimet­

rically. 

This method was of sufficient exactitud~ to indicate the 

presence of both myoglobin and haemoglobin content and in­

dicate the changes in proportion in relation to distance 

run and in animals subjected to capture by nets or restra­

ined in the crush. To enable more exact routine estima­

tions to be made as a standard determination of the degree 

of stress or possible preclinical or cryptic capture myo­

pathy, polyacrylamide electrophoresis as described by 

Boulton and Huntsman (1971) was used, ·This method is acc­

urate, readily subject to quantitative analysis, and further­

more the acrylamide gel with the separated protein bands 

may be stored for a period of months without deterioration 

so that large numbers of samples may be put through the 

analyser at the same time to preclude errors through varia­

tions in analysing procedure. 
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SELENIUM AND OTHER TRACE ELEMENT ESTIMATIONS 

DRYING OF SPECIMENS 

ALL estimations have been done on sections of liver tissue 

weighing approximately 30 g taken from presumed healthy 

animals cropped for various purposes unnconnected with this 

work, in several geographical locations, and preserved in 

forma~ine until needed. 

Several grams (usually eight or nine grams) wet weight of 

liver was chopped into small pieces (about 3 mm 3 or less) 

to facilitate thorough and even drying. Precautions agai­

nst contamination such as the meticulous cleaning of glass­

ware, use of rubber gloves, etc., were takenn The chopped 

material was placed in a petri dish (uncovered) and thence 

into an oven pre-set for 108 °C, for 48 hours. Chemically 

cleaned bijoux bottles were put into the oven with the sam­

ples. Fig. 17 shows the curve of weight loss during the 

drying procedure. The samples were then placed into the 

bottles and the caps screwed on tightly" 

PREPARATION OF THE STANDARDS 

A stock solution analytical grade selenium dioxide was 

prepared at Pelindaba at the Atomic·Energy Board, and 

diluted to contain 2 ~g Se per ml of solution. Reference 

standards used were approximately 0,5 ml of the solution in 

polythene containers. The weights of the standard solu-
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tions were recorded and, after careful evaporation to dry-

ness, each container was sealed. 

'NBS Bovine Liver Standard Reference Material (SRM 1577)' 

was used as a reference standard containing 1,1 ± 0,1 ~g 

selenium per gram of sample. Accurately weighed samples 

~~ 250 mg) of this standard were sealed. in polythene 

containers. 

IRRADIATION 

THE samples and standards were irradiated sepa.rp.tely and in 

fixed sequence for precisely 90 seconds. The relative val-

uesof the integrated neutron fluxes were determined for some 

samples and standards by using gold monitor samples. Irr-

adations were done in the pneumatic facility of 'SA~ARI-1', 

and 'ORR'-type reactor, in a thermal neutron flux of 2,89 

Westcott's epithermal index, r, for 

this irradiation position is 0,0087. 

MEASUREMENT OF GAMMA AcTIVITY 

GAMMA spectrometry of the irradiated samples and standards 
•· 

was per:~ormed after a lapse of ,exactly 20 seconds after each 

irradiation by placing them in a fixed position from the 

Ge(Li) detector. The detector used was a 50 cm 3 coaxial 

Ge(Li) diode (Princeton Gamma Tech.) connected to an uncool-

ed 'TC 135M Tennelec' preamplifier. The output pulses were 

amplified by a 'TC 200 Tennelec' amplifier. Spectrum ana-
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lysis was performed on an 'Intertechnique' 4 000-channel 

analyser (Model SA 44) . The resolution of this counting 

system i$ ·3 keV (full width at half maximum) for the 1 333-

keV photopeak of 6°Co. Data for peak analysis were recor­

ded on m~gnetic tapes which were processed by computer. 

Yule's (1968) smoothed first derivative method was applied 

to obtain the true peak counts under the photopeaks of 

interest. 

CHEMICAL IMMOBILISATION 

IMMOBILISATION of animals when required was carried out 

with the following mixtures. Etorphine and hyoscine hydro-

bromide for white rhinoceros; etorphine and acetylpromazine 

maleate for two free-living tsessebe at Percy Fyfe Nature 

Res~rve. All other animals were immobilised vdth fentanyl, 

azaperone and xylazine hydrochloride. The dosage rates 

used were those according to Harthoorn (1976), those of the 

saple antelope being varied slightly as tabled in Appendix A. 

STATISTICAL METHODS 

THE significance of differences between various sets of 

data obtained before and after the various procedures were 

carried out was determined with Student's t-test for paired 

values (Steele and Terrie 1960). This test was used for 

experiments such as comparing haematocrit values in eland 
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from one reserve to the changes that occurred after relo­

cation; differences in levels of various parameters before 

forced exercise and afterwards; the rise or fall in various 

parameters after exercise or after treatmento This test 

was used also in comparing enzyme levels from one chase to 

thope of a second or subsequent chase, as well as the diff­

erence between stress after transport and stress after for­

ced exercise. Similar parameters were also tested in this 

way, such as the comparison of muscle pH with blood pH. 

In addition, this· test was used as a basis for testing sta­

bility of serum and plasma for analytical purposes, espe­

cially for stability of blood enzymes. 

Where a test was not significant, 'not slgnificant' was 

stated, and usually fell beyond the limits of the 10 percent 

significance level, or was not significant at any reasonable 

level. 

Unless stated, all tests were made on a two-sided basis, 

i.e. the result was not expected to lie in one direction 

or another. Where the direction of the result was known, 

a one-sided test was performed and is stated as such. 

Where the sample size was particularly small, and where two 

sets of data had to be compared as described for the t-test, 

the Wilcoxon matched pairs signed rank test was used 

(Steele and Terrie 1960). This was used especially in the 

determination of the efficacy of therapeutic substances, 

where treated and untreated groups were compared for signifi-
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cance. 

There were several instances where straightforward correl­

ation r was made between unlike parameterso For this, the 

correlation coefficient was measuredo Both one-sided and 

two-sided tests were made. Most cases included correla-

tions such as that between body temperature and distance 

run; blood pressure and minutes after exercise; respiratory 

rates with speed of chase; pH, PC0 2 , P0 2 , standard bicarb­

onate and base excess with distance run; various trace el­

ements with one another; haemoglobin and myoglobin in plasma 

with distance run; lactate with pH. Other correlations 

were measured between like parameters, but under varying 

circumstances, e.g. body temperature changes over a period 

of time, haematocrit values before and after exercise, as 

well as over a period of time after, say, immobilisation. 

Correlation coefficients were also obtained to determine 

positive or negative correlations. Certain data under-

went partial correlation analysis where three or more fac­

tors were being determined. 

Both linear and non-linear regressions and correlations 

were calculated. The linear regressions were determined 

particularly in the cases where significant d.tfferences 

from zero {the X-axis) had to be tested, for example, to 

see whether there was significant change in a certain para-:­

meter over a period of time. If the regression was insig­

nificant, the regression line was taken as constant, and 
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from this an idea could be obtained cf possible normal or 

'resting' values. For example, wher. several enzyme values 

were plotted over a period of up to four months, and the 

slope was negligible in the context of the experiment, the 

consistency of the values was an indication of establishing 

so-called normal values. In another experiment, the diff-

erence between the slopes of males and females after ex­

ercise for some parameters was measured, and the linear 

regression plotted. In many cases, the t-test for testing 

the sign of a regression coefficient was applied and com­

pared to the critical values for significance (Owen 1962). 

Non-linear regression curves were fi t:ted to data where the 

line of values plotted resembled a parabola of the formula 

log Y = a + b log X. This applied particularly well in 

the case of the rate of recovery of pH values in exercised 

zebra and blue wildebeest before and after treatment. 

Kenda~l's test of concordance was used in cases where a 

certain number of methods were used to determine the same 

parameter. This method of rank correlation determined the 

reJ,.iabili ty of the results using all t.hree methods (Downie 

and Heath 1974). 

In order to determine the correlation of one month in one 

year with another month the following year with regard to 

selenium levels in liver, Spearman's coefficient of rank 

correlation was used (Steele and Torrie 1960). This was used 

to indicate some consistency in seasonal variation, or lack 
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of it. 

Throughout the text asterisks are used to denote the 

following: 

* 

** 

*** 

= significant at the 10 percent level of significance. 

This means that for every test, 10 percent. of the 

time there will be an error. Ten percent is there.,... 

fore regarded as not particularly significant in the 

context of the experiment. 

= significant at the 5 percent level of significance. 

This is regarded as reasonably significant in the 

context of the experiment. 

= significant at the 1 percent level of signi£icance. 

This is regarded as highly significant in the con­

text of the experiment. 

Where asterisks are not given, the degree of significance 

is stated, e.g. significant at 2 percent, or between 10 and 

25 percent, etco 
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CHAPTER THREE 

NORMAL VALUES 

INTRODUCTION 

NoRMAL values of blood constituentsr the electrocardiogram, 

etc., are notoriously difficult to obtain in domestic ani­

mals. Comparable values in wild and captive wild animals 

have hardly been studied. 

It has been attempted to obtain resting values of the pri­

ncipal parameters which are being dealt with as criteria 

of abnormality. In this there has been a measure of succ­

ess insofar as resting ranges appear to have been obtained. 

As examples, there are the steady levels of GOT, GPT and 

CPK in trained eland. It was found that if the diesel 

pump was always switched on as at feeding time, the animals 

could be blindfolded and sampled with very little effort or 

resistance on their part. 

Even with newly captured wild zebra and wildebeest, the 

sampling routine eventually became accepted, even though 

the animals had to roped for this operation. 

enzymes fell to low steady levelso 

The various 

The belief that normal values were be1ng recorded was re-

68 
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inforced by the similarity between the resting levels and 

those of domestic animals, even to those of man. 

BLOOD ENZYMES 

MATERIALS AND METHODS 

To establish resting values of blood enzymes, eight eland 

were used. These animals were trained to a sampling rou-

tine so that regular blood samples could be obtained with 

a minimum of disturbance every two to three weeks in the 

manner described in Chapter Two. Three zebra were also 

used while in pens at Skukuza over a period of three months. 

Seven white rhinoceros were captured by drug immobilisation 

in the Hluhluwe/Umfolozi complex and peripheral blood taken 

as described in Chapter Two. 

RESULTS 

ABOUT one month after arrival at Percy Fyfe Nature Reserve, 

the enzyme levels in the eland settled down to a steady 

level which was very similar to the normal levels in man. 

These enzymes remained at steady levels with very little 

fluctuation (Fig. 18). 

Pearson's product moment correlation was used to calculate 

the correlation of values over this period of about two-and­

a-half months, and the regression was tested for constancy, 
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Figure 18: Enzyme levels in eland at Percy Fyfe 
over a period of four-and-a-half months. 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



71 

i.e. to test if the slope was significantly different from 

zero. The· purpose of this test was to establish the so-

called normals, or resting values of the enzymes, The 

correlation coefficients are as follows: 

GOT 1" = 0,453568 xy 

GPT 1" = -0,235297 xy (n = 6) not significant at any 
CPK 1" = -0,7008492 reasonable level 

xy 

LDH 1" = 0,6528904 J xy 

The regression equations and t-test for significance of 

slope are as follows: 

GOT y' = 0,040426x + 47,1503 t4 = -1,02 

Lt GPT y' = -0,03153x + 13,5394 t4 = -0,48 
significant 

CPK y' = -0,04996x + 16,648 t..., = -1,97 at any reason-
able level 

LDH y' = 1,36388x + 810,3753 t4 = 1,72 

The numbers of zebra were insufficient to give statistical 

results. Apparent resting values were obtained for GPT, 

CPK and LDH (Figo 19) o 

The results of the white rhinoceros are shown in Table 3, 

and compared closely with those obtained from other animals 

as above and those for domestic sheep and horses. 

DISCUSSION 

THE regression of values in the eland enzymes over a period 

of time are shown to be constant, which indicates that these 

values may be taken to be expected resting values, or could 
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Figure 19: Enzyme leveis in zebra in pens at Skukuza 
over a period of three months. 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



73 

Table 3: Enzyme levels in square-lipped rhinoceros immobil­
ised at Umfolozi Game Reserve, compared with known 
normals. 

GOT GPT CPK LDH 

Normals 

man < 12 < 12 < 50 < 195 

horset 40 .. 100 5 - 25 8 - 40 250 -
sheept 45 - 80 12 - 34 8 - 60 450 -

Animal no. 

1 85 4 16 334 

2 17 7 24 477 

3 15 8 16 305 

4 15 4 16 449 

5 14 3 32 372 

6 36 6 87 525 

7 78 7 83 210 

Avera9:es of 
the grou:e 37 6 39 382 

460 

690 

t from the Department at~ Medicine, Faculty of Veterinary Science (Courtesy 

Professor K. van der Walt] 

be taken as a basis for so-called normal values. 

As the rhinoceros were subjected to some disturbance prior 

to and during immobilisation, these results cannot be class-

ified as resting values, but appear close to those which 

would be obtained had the immob.ilisation been effected under 

ideal conditions as with the two tsessebe described below. 
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HAEMATOCRIT 

MATERIALS AND METHODS 

EIGHT eland were sampled as described above, using a peri­

pheral vein and samplinq without stasis. 

RESULTS 

THE regression line of values was shown to be constant for 

the two-and-a-half month period at Percy Fyfe (Fig. 20). 

~~•• i : -L~~-- __ ;_ ____ ;____: __ [ __ · -~---!-----·: __ [: ~ __ ! ___ --~--1 ·· · -i __ :_L:~L~ 
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Figure 20: Haematocrit levels in eland at Percy Fyfe Nature 
Reserve over a periOd of two-and-a-half months. 

The regression equation is as follows: 

y' = 0,0505x + 46,0362 (n = 7) 

This slope was calculated to be not significantly different. 
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DISCUSSION 

THE values taken at Percy Fyfe can be regarded as constant, 

as the regression was not significant" 

LACTATE 

MATERIALS AND METHODS 

BLOOD samples for lactate were taken from eight eland and 

subjected to immediate processing as described in Chapter 

Two. 

RESULTS 

THE regression equation was calculated for the values over 

a period of four-and-a-half months as follows (Figo 21): 

y' = -0,0822x + 29,676 (n = 7) 

The significance of the slope was calculated as t 5 = -3,338**. 

DISCUSSION 

THERE is a significant slope in values from after tra~spor­

tation to before exercise nearly f1ve months later, although 

the points on the graph after 12 days after transport show 

a general settling down of values to normal levels (normal 

in man is 16 to 22 mg percent). Strictly speaking, resting 

values may not be statistically significantly established 
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Figure 21: Lactate levels in eland at Percy Fyfe 
Nature Re§~rve over a period of four­
and-a-half months. 
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from the data available. 

BLOOD GASES AND ACID-BASE VALUES 

MATERIALS ANP METHODS 

Two male tsessebe were lightly immobilised and subjected 

to puncture of a superficial artery as described in Chapter 

Two. Five tame blesbok were sampled in a similar way. 

RESULTS 

THE results of the tsessebe are shown in Fig. 22 and those 

of the five blesbok in Table 4o 

DISCUSSION 

THE values obtained from the two tsessebe and from the 

five tame blesbok are identical to the normal range of 

values ~ccepted for man, and very similar to the values 

obtained from aortic puncture in animals after bicarbonate 

infusion (Chapter Four) • 

Resting values of blood gases and pH obtained from art-

erial cannulas in wild animals cannot be regarded as nor-

mal on account of the continued restraint necessary espe-

cially in wildebeest and zebrao Even in zebra, however, 

the values for PO and PCO approach the normals for the 2 2 . 
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Figure 22: Two male tsessebe immobilised with 
etorphine/acepromazine mixture 
acid-base levels. 

140 

11 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



79 

Table 4: Acid-base levels in five tame blesbok held at A.D. 
R.I. at Irene using three methodso 

Astrup Simu- Direct, 
lated 

art. ven. cap. art. arto ven. cap. 

1 
pH 

! 
7,444 7,393 7,430 7,420 7,444 7,393 7,430 

PC0 2 36,9 43,3 36,9 38,1 47,9 35,0 
std. bicarb. 24,7 25,0 24,7 
base excess +0,02 +0,05 - 0,00 
actual bicarb. 24,6 27,4 24,5 
buffer base 43,5 43,9 43,5 
total C0

2 
25,7 28,6 26,6 

P0 2 62,0 43,0 62,0 62,0 43,0 62,0 

2 
pH 7,412 7,374 7,440 7 '410 7,412 7,374 7,440 
PC0

2 
32,3 37,6 32,3 34,0 44,3 28,9 

std. bicarb. 21,0 22,5 21,0 
base excess -4,01 -2,37 - -4,01 
actual bicarb. 24,5 24,0 19,4 
buffer base 40,8 54,0 40,8 
total C0

2 
25,4 25,1 22,0 

P0
2 

62,0 35,0 clot 62,0 35,0 clot 

11 
pH 7,440 - 7,440 7,440 -
PC0 2 31,8 30,5 30,0 
std. bicarb. 21,8 22,0 
base excess -2,3 -2,2 
actual bicarb. 20,4 20,0 
buffer base 39,8 39,8 
total C0 2 

21,5 22,0 
P0

2 
104,5 104,5 104,5 -

14 
pH 7,400 - 7,400 7,400 -
PC0

2 
33,5 35,1 35,1 

std. bicarb. 23,0 22,5 
]?~se excess -1,2 -2,0 
actual bicarb. 19,5 20,0 
buffer base 59,8 59,8 
total C0

2 
20,5 22,5 

P0 2 101,5 - 101,5 101,5 -
20 
pH 7,437 - 7,437 7,437 -
PC0

2 
35,3 34,0 34,0 

std. bicarb. 24,7 23,0 
base excess +1,0 0,0 
actual bicarb, 23,0 22,2 
buffer base 54,7 54,7 
total C0

2 
24,1 24,5 

P0
2 101,5-- 101,5 

art. arterial, ven. "' venous, cap, capjllary 
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horse (Littlejohn 1975, Littlejohn and van Heerden 1975). 

BODY TEMPERATURE) PULSE AND RESPIRATORY RATES 

NORMALS for body (core) temperature have been established 

for several species of wild ungulates includin~ hartebeest, 

zebra, wildebeest and eland (Bligh and Harthoorn 1965, 

Harthoorn and McGinnis 1971) using biotelemetric techniques 

on a continuous basis. There was a close correlation be-

tween core and rectal temperature. 

Heart and respiratory rates over periods of three to four 

days were determined for eland and hartebeest as compared 

to Boran cattle by Harthoorn, Finch, Hopcraft and McGinnis 

( 19 70) . Variations in body temperature and respiration as 

a result of exercise was determined by Harthoorn and 

McGinnis (1971). 
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CHAPTER FOUR 

ACID-BASE BALANCE AND BLOOD GASES 

INTRODUCTION 

BLOOD PH 

A role played by blood pH in locomotory stress has long 

been recognised. The assumption, based on human experi­

ences was, however, that the symptoms of acidaemia were 

due primarily to hypoventilation, hypoxaemia and hyper-

capnoea. The lack of oxygen in relation to the body's 

demands under strenuous exercise resulted in incomplete 

combustion of glycogen and the consequent formation of 

lactic acid. This acidity was, however, enhanced by a 

retention of carbon dioxide and consequent formation of 

carbonic acid. This situation is reversed fairly rapidly 

after the termination of exercise when the so-called oxy­

gen debt is liquidated. The blood pH changes in man under 

conditions of exercise are relatively slight, and most 

sources still give a pH of 7 as lethal unless corrected. 

The normal range for the horse is given as 7 6 2 to 7,55; for 

cattle and sheep 7,27 to 7,49 and 7,32 to 7,54 respectively, 

with mean values for these two species as 7,38 and 7,44 

(Swenson 1970). Slightly lower pH changes are found in 

conditions of diabetic coma. Other conditions that cause 

acidosis in man are loss of chlorine ions which may result 

81 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



82 

from vomiting or diarrhoea; an excess of potassium ions 

from intracellular sources such as blood or muscle fibres, 

a deficiency of aldosterone resulting in reduced sodium 

ion reabsorption from the kidney and subsequent reduction 

of hydrogen ion secretion, and lastly due to uraemic cond­

itions caused by a failure of the kidney to rid the body 

of the normal metabolic acids (Swenson 1970). 

An experiment entailing forced exercise was conducted on 

blesbok over varying distances for determination of blood pH,etc. 

Problems experienced while chasing on the broken·ground at 

Percy Fyfe, the paucity of animals, as well as the need to 

investigate other species dictated a further seties of 

experiments to be conducted in the Kruger National Park 

starting with zebra and blue wildebeest. The flat areas 

of Tshokwane, Satara, Lindand~, Mtomene and later Mananga 

proved ideal for short rapid chases as here the animals were 

easily followed and were usually unable to escape into dongas 

and patches of scrub as .in more broken country. Here it 

was possible to confirm the findings that the intense sharp 

chase was inclined to be the most harmful, and that the 

pejor~tive effects in these cases are mediated apparently 

entirely through extremely low blood pH values of 6,5 or 

less. This is 50 points less (on a logarithmic scale) than 

the normally considered minimum of 7,0. It should be noted 

that the comparison that is being made is not solely between 

a short rapid chase and a prolonged slow chase. It would 

appear (although not necessarily to be recommended) that an 

intensive chase carried out after or subsequent to a prelim-
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inary chase where the animal is not fully extended, is less 

deleterious in its action and less inclined to be fatal than 

a similar short chase carried out from a standing start. 

MuscLE PH 

A small series of measurements have been made directly on 

the muscle fibres of acidotic zebra. The primary 

object was to investigate the possibility of the muscle 

fibres themselves exhibiting a pH lower than that of the 

arterial and venous-blood (see below). 

MATERIALS AND METHODS 

BLESBOK 

EIGHTEEN blesbok which resided in 600 ha (700 morgen) padd-

ocks at Percy Fyfe Nature Reserve were used. They were 

subjected to forced exercise by chasing in groups as des­

cribed in Chapter Two. The environmental temperature at 

the time of chasing was 21 to 23 °C. The groups of animals 

fell into three categories and these are given in Table 5. 

The distances travelled could not be predetermined, so that 

the precise distance c;:overed by each of the animals is un,­

certain as the individual animals do not run directly in 

front of the trucks, nor do the groups of antelope show co-

hesion. At the end of the chase the animals were herded 

into a small circular paddock from which they could readily 
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be caught, or else driven into nets. 

Table 5: Distances and times run for three groups of eight­
een blesbok chased at Percy Fyfe Nature Reserve. 

group approx. distance run time 
(km) (min.) 

1 2 5 - 10 

2 4 10 - 16 

3 6 - 10+ 10 - 30 

Arterial samples were drawn by direct puncture of a peri-

pheral artery and analysed with a radiometer and pH meter. 

ZEBRA AND BLUE WILDEBEEST 

THE methods employed werepredominantly the same as those 

described for blesbok capture with one notable difference. 

The animals were not chased into nets but overhauled and 

seized by ears or tail. This appeared to cause far grea-

ter stress as the animals were extended to the full while 

trying to escape from the pursuing vehicle. These animals 

were chased individually as compared to herding groups into 

nets or enclosures where no animals were singled out and 

followed exclusively thus being driven to their maximum 

speed. 

INFUSION To CouNTERACT AciDAEMIA 

A mixture of sodium bicarbonate (NaHC0
3

) in 0,9 percent 
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physiological saline or 'Normosol' solutJ.on was infused 

within an hour after capture in those animals randomly se-

lected for treatment., No. infusion was given to control 

groups. The calculation for zebra and w~ldebeest is as 

follows: 

FORMULA 

BW X -BE )( 0,3 

BW = Body weight in kg 

-BE = Negative base excess 

0,3 = Arbitrary factor at altitude of ± 2 000 rn 

At sea level there is more bicarbonate and this 

factor is 0,2. 

Thus 0,3 x 2 500 m-equiv./1 NaHC0
3 

85 g/1 = 8,5 percent which gives l m-equiv./ml or l 000 

m-equiv./1 

Infusion of zebra and wildebeest show that a pH shift from 

approximately 6,5 to 7,4 is obtained from the infusion of 

1 000 m-equiv. NaHC0
3

" 

The composition of 'Normosol' is as follows: 

R 'Normosol -R 'pH 7, 4 

Each 1 000 ml conta1ns: 

Sodium chloride B.P .. 5,26 g 

Sodium acetate FL P, 3,68 g 

Sodium q.:uconate 5,02 g 

Potassi ur; chloride B.P. 0,37 g 

J.'wlagnesi.;r;t chlo.rl de -~ ;, p 0,30 g 
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Approximate m-equiv./1: 

Sodium 140 

Potassium 5 

Magnesium 3 

total cations 148 
---

Chloride 98 

Acetate 27 

Gluconate 23 

total anions 148 
---

A total of twenty-five zebra and wildebeest were used in 

the acid-base experiments, fourteen of which received inf-

usion therapy. 

Table 6. 

Particulars of these animals are given in 

~USCLE PH 

A portable pH meter was used with narrow probe as described 

in Chapter Two. 

RESULTS 

BLESBOK 

BICARBONATE 

LEVELS of bicarbonate were low 1n all groups after the compl-
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Table 6: Particulars o£ zebra and blue wildebeest exercised 
in the Kru·g-er National Park. 

species sex age e::?t. distance treated s.urvived 
(yr)·-· wgt chased 

(kg) (km) 

zebra 

F 1 200 1,0 no no 

M 2 250 5,0 no no 

M 1 200 2,0 no no 

F 2 250 1,3 yes yes 

M 2 250 2,1 yes yes 

M 2 250 3,3 yes yes 

F 2 160 0,9 yes yes 

M 2,5 180 3,1 yes yes 

F 6 mo. 160 1,6 yes yes 

F 2 250 2,0 yes yes 

M adult 400 2,5 no no 

M 9 mo. 90 3,3 yes yes 

M 4 ·mo. 70 1,7 no yest 

M 1 135 2,0 yes yes 

wildebeest 

F 4 mo. 35 3,2 no yes 

M 3 mo. 25 3,8 no yes 

F 6 mo. 45 2,8 no yes 

M 1 115 7,2 no no 

M 1 115 2,5 no no 

F 1 115 2,5 yes yes 

M 2,5 135 2,6 yes yes 

M 2,5 160 3,0 yes yes 

F 3 mo. 70 1,3 yes yes 

F 4 mo. 70 4,0 yes yes 

M adult 270 2,2 no · yestt 

t did not follow this one up - may have survived - not very stressed 

tt started to recover before infusion - not very stressed 
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etion of the run. The lower values immediately after ex-

ercise were 10 m-equivo with an average of under 15 m-equiv. 

(Fig. 23). Where samples were taken at 10 minute inter­

vals, bicarbonate levels showed a small rise after 20 min. 

Most animals showed normal levels after three hours. 

BAsE Excess 

THE pattern of recovery of the base excess is similar to 

that of bicarbonate levels. Levels rose from an average 

of -15 m-equiv. to zero over a period of approximately 

three hours with the lower value rising from -18 to -5 over 

that time (Fig. 24). The lower range represents animals 

of Group 3 that ran for the longest distances. Where sa­

mples were taken at 10 min. intervals, the base excess 

showed steady levels for the first 20 min. after which it 

commenced to rise. 

HYDROGEN ION CONCENTRATION 

THE hydrogen ion concentration from samples taken at 0, 

3 and 6 hours after exercise shows good recovery after a 

period of three hours. In samples taken at frequent int­

ervals in small groups of animals the pH shows a drop du­

ring the first 10 mino after capture followed by a rise in 

20 min. (Fig. 25). Minimum pH levels were attained by the 

group that ran the shortest distance, although in Group 3 

the minimum pH value was still 7,26. The highest pH val­

ue in capture was found in Group 3 that ran the furthest 

distance of 10 km and in one exhausted animal in Group 2. 
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Figure 23: Bicarbonate levels in blesbok immediately, 
three and six hours after exercise. 
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Figure 25: pH levels in blesbok immediately, three 
and six hours after capture. 
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VALUES for PO£ ·showed a wide spread with t.he indication that 

compensation for blood gases is extremely rapid, and that 

there is evidence of hyperventilation. A degree of com-

pensation between capture and the actual taking of the sample 

(within 5 minutes) is pos~ible. There was 1n most cases an 

early and rapid fall in P0
2 

levels during the first 20 min. 

after capture from levels of about 95 to 90 mm Hg to 75 mm 

Hg. This corresponded to a reduction of excitement at the 

end of the chase, and also to a change in respiratory pattern 

and thermal panting. There were also considerable diff-

erences in arterial PO levels that do not appear to corre-
2 

spend with any one group. After an initial fall, values 

appeared to stabilise towards six hours (Fig. 26). The 

P0 2 results are, however, subject to considerable artifact 

while the animals responded by hyperventilation immediate-

ly on renewed handling, and there may well have been a grea-

ter reaction at six hours than at three when the animals were 

still suffering from exhaustton. It is probable that little 

value can be attached to P0
2 

values in wild animals taken at 

times other than immediately after capt.ure, unless an artery 

is catheterised. 

The levels of PCO showed an overall rise over three hours, 
2. 

again indicating a degree of overventilation. Moreover, a 

more frequent sampling on some of the animals showed that 

there was a fall.in PC0
2 

levels over the first 10 min. from 

about 20 - 25, to 13 - 15 mm Hg after which there was a steady 

rise to normal levels (Fig. 27). Here again, however, 
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Figure 27: PCO pressures in blesbok immediately, three 
and 2 six hours after exercise. 
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arterial samples for PC0
2 

analysis may be subject to similar 

disadvantages as for PO estimations. 
2 

The correlation co-

efficients were calculated on five acid-base parameters and 

distance run. The results were as follows: 

Distance run correlated with: 

pH: 1' = 0,1613 (n = 18) 

PC0
2

: 1' = -0,208 (n = 15) 

std. bic.: 0,1759 (n 18) not significant at the 
1' = = 10 percent level 

base ex.: 1' = 0,2141 (n = 18) 

PO . 1' = 0,3645 (n = 17) 
2 
. 

The closest correlation, albeit not significant, is with 

ZEBRA IN 1973 

AFTER capture the animals were restrained in lateral recum-

bency initially for 30 min. During these 30 min., marked 

deterioration of all animals was evident. Heart rates 

rose to levels of 380 beats per minute, and respiration re-

mained rapid despite the complete .rest. The values are 

shown in Fig. 28. . The pulse became progress1vely more 

·'thready' and the heart beat muffled. There was little 

attempt at movement or struggling. 

The muscles became gradually stiffer and apparently pain-

ful. After 30 min., the zebra were almost incapable of 

rising. When placed on their feet the'y were disinclined 

to move and occasionally unable to stand. The legs were 
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Figure 28: Pulse, respiration and boay temperatute in 
zebra before and after treatment with 
bicarbonate infusion. 
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held stiffly, and the head low. 

Six animals were taken to pens at Skukuzao On arrival 

they drank but remained stan~ing 'stiffly, and would only 

take a few steps if pushed. Pulmonary oedema developed 

and death occurred from 30 min. to 12 hours in untreated 

animals. 

The pH as measured immediately after capture showed a fur­

ther decrease in a few animals in the subsequent 30 min. 

showing inability to compensate by C0 2 elimination. 

The captured zebra that survived were released one month 

later for recapture. One of these zebra (1 of Group C) 

showed a marked acidosis (pH 7,041) at the time of release 

representing the stress of handling, crating and transport 

over 70 km. This indicates that wild animals may become 

severely acidotic from causes unconnected with intensive 

exercise (Table 7)o Respiration remained rapid and became 

progressively shallower. 

Estimation of enzyme levels showed no significant rise by 

the time of capture. In those animals that were treated 

and as a result survived, steep rises in GOT and CPK levels 

indicate muscle damage (Chapter Ten). 

Post mortem examination showed the most marked lesions to be 

extensive areas of pale degenerated muscle, interspersed 

with haemorrhages, thus fitting in with the accepted picture 
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Table 7: Blood pH levels in zebra before and after treat­
ment with bicarbonate. 

zebra pH on pH pre pH post pH post survival 
capture infusion infusion infusion 

(30 min. (500 m-eq o) ( 1 000 
later) m-eq.) 

1 6,50 6,45 - - died 9 
hours 
later 

Group A 2 6,50 - - - died 30 
i minutes 

later 
3 6,70 6,55 - - died 

I hours 
later 

1 6,85 6,77 7,07 7' 10, yes 

Group B 2 6,70 6,68 6,92 7,17 yes 

3 6,80 6,67 7,24 7,42 yes 

1 7,01 6,86 7,21 7 ,, 32 yes 

Group C 2 6,97 6,79 7,13 7,30 yes 

3 6,94 6,78 7,22 7,40 yes 

Group A = untreated animals 

Groups B and C = these groups comprise the same animals on the first and 
second chase 

of capture myopathy. Necrosis of the cardiac musculature, 

pulmonary oedema and general cyanosis, also observed, may 

indicate the eventual cause of death. 

ZEBRA AND WILDEBEEST IN 1974 

THE results of PC0
2 

estimations appear at first sight to 

12 
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be paradoxical. During the first half hour after capture, 

the PC0 2 levels show a rise from about 2 3 to 32 mm Hg pressure. 

This trend is opposite to that of the P0
2 

(the P0
2 

falls) and 

is ascribed mainly to the hyperventilation at the time of 

capture. 

The results in the wildebeest d~ffer from those obtained in 

zebra in that a considerable compensation, probably of resp-

iratory origin, occurs between capture and infusion. This 

improvement is not unexpected in view of the resistance that 

the adult blue wildebeest are stated to have to capture myo­

pathy (Young, pers. comm.t). 

After infusion, the PC0
2 

levels rose further, and this is 

associated with a drop of P0 2 pressure. This is believed 

to be due to the return of previously sequestrated blood to 

the circulation as vascular constriction is relieved. Where-

as a certain rise in PC0
2 

after bicarbonate infusion can be 

expected, there is also a rise in the haematocrit that occurs 

at the same time; and by the swing in the capillary blood 

from the venous to the arterial side as shown on the Siggaard-

Andersen Curve Nomogram. Figure 29 and 30 show a rise of 

PC0
2 

and a drop of P0
2 

after infusion (also Fig 31 and 32) . 

These results all show firstly, a stagnant .circulation with 

capillary stasis after capture changing to a normal periph­

eral circulation with arterialised capillary blood soon after 

infusion. 

t 
Or E. Young. Division of Nature Conservation. Pret~ria. 
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Figure 30: P0 2 changes in blue wildebeest blood after 
capture and after bicarbonate infusion therapy. 
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blue wildebeest after capture and after 
bicarbonate infusion therapy. 
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The sharp drop in P0 2 levels seen in zebra, especially after 
) 

infusion, occurs in the wildebeest between capture and inf-

usion and is continued after infusiono 

One possible contributing cause has been that of bloato 

All our ruminants in 1974 tended to suffer from bloat which 

commenced immediately after capture. A possible cause has 

been the excessive rains in the Kruger National Park and the 

lushness of the grass during 1974 (see Chapter One). Also 

the increased availability of water ensured full hydration 

of the ruminal contents at all times of capture, the run 

tending to induce a froth in the ruminal contents, probably 

also exacerbated by reduced salivation and consequent incre-

ased ruminal acidity (Blood and Henderson 1974). The bloat 

necessitated repeated manoeuvres to relieve stomach gases 

and on several occasions near asphyxia occurredo On the 

other hand, P0
2 

levels rose after the low post infusion level, 

and therefore this can be fairly ascribed to the same cause 

as those producing low P0
2 

levels in the zebrao 

The haematocri t level showed a r.ise at the same time as the 

P0
2 

levels fell. This is a strong indication of a return 

of red blood cells to the circulation after having been cut 

off from the normal circulating blood by vasoconstriction 

and blood stagnation. 

The marked difference in arterial1sed capillary blood P0
2 

before and after infusion also indicated that the periph-

eral circulation was stagnant and cut off from the main 
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circulation, during the post capture period and that this 

condition was relieved by infusion therapy (Figo 30). 

The continued low level of blood pH until the time of inf­

usion was not exhibited by any of the wildebeest. This 

suggests that recovery would have occurred unaided, although 

this is not necessarily true, as this trend is shown by some 

of the zebra, which died when untreated, i.e. the recovery 

is not rapid enough to prevent circulatory damage and shock. 

Capillary P0
2 

levels show a continuous drop until the time 

of infusion after which there is a rise, further strength­

ening the belief that there is a deterioration of the peri­

pheral circulation until that time. The P0
2 

level of the 

venous blood falls after infusion, presumably due to the 

release of the capillary blood. The pH levels show a 

similar pattern except that the values (capillary and arterial) 

were close at the time of capture, diverged, and only closed 

again after the second half of the infusion (Fig. 33), 

The pH level was somewhat higher in 1974 than in similar 

experiments performed in 1973 presumably as a result of the 

taller grass and general wet coriditions slowing the actual 

chase, although this was not apparent from the actual speed 

and distance records. However, the small respites gained 

by the animal as the truck overshoots and has to circle 

to take up the chase may be considerable, while the vehicle 

does not actually either slow or show reduced mileage. 

Correlation co-efficients and non-linear regression curves 
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Figure 33: pH levels in zebra after capture and after 
bicarbonate infusion therapy. 
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were fitted to the data obtained before infusion and 

projected to beyond infusion times. 'The correlation co-

efficients are as follows: 

zebra 

wildebeest 

The regression 

zebra 

wildebeest 

r = 0,61078*** 
xy 

(n = 2 7) 

r = 0,6683*** (n = 14} 
xy 

curve equations are as follows (Fig o 
I 

y' = 6,8593 (1,00040l)x 

y' = 6,966 (l,OOlOl)x 

Musct.;E PH 

34 and 

THE results showed variations between the pH of muscle and 

blood, which at one time were not thought to be of major 

significance. Subsequent investigation suggests, however, 

35) : 

that the areas exhibiting a pH lower than that of the blood, 

were subject to a loss of normal tissue perfusion. 

Nine values of muscle pH were compared to nine correspon-

ding values of venous pH (Table 8) on two wild zebra. The 

t-test for paired values was applied as being the most suit-

able. The result was as follows: 

t = 7,203*** 
8 

(n = 9) 

Muscle pH was highly significa:ntly different from venous pH, and 

venous pH was also consistently higher than muscle pH. 
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Table 8: Muscle pH compared with venous blood pH in zebra 
before and after bicarbonate infusion therapy after 
forced exercise .• 

muscle pH venous pH 

zebra 1 

before release 7,15 7,04 

after exercise 6,75 7,01 

after 30 minutes 6, 70 6,86 

after 500 m-equiv. infusion 6,65 7,21 

after 1 000 m-equiv" infusion 6,90 7,32 

zebra 2 

before release 7,10 7,25 

after exercise 7,00 6,94 

after 500 m-equiv. infusion 7,00 7,22 

after 1 000 m-equiv. infusion 7,20 7,39 

DISCUSSION 

BLESBOK 

THE finding of moderately low pH readings in blood of 

blesbok chased and netted undersimulatedcapture conditions, 

in itself came as no surp;rise. The extent of the role 

played by metabolic acid as compared to the respiratory com-

ponent was, however, unexpected" Nearly all the blesbok 
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were normal with regard to blo:•d oxygen (P0
2

) and blood 

carbon dioxide (PCO ) values, cc else were actually hyper-
2 

ventilated, i.e. there was more oxygen, and less carbon 

dioxide present in the blood ti·1an when at rest. In spite 

of this the blood pH was down to below what is normally 

considered as tole~able levels (Tables 5 and 9). 

Table 9: Blood pH in blesbok immediately after exercise. 

group no. in minimum maximum mean 
group 

all 18 7,07 7,45t 7,22 

1 6 7,07 7,40 7,20 

2 8 7,25 7,45 7,28 

3 4 7,26 7,59 7,35 

t discounts one exhausted animal in Group 3 

Another factor that was contrary to expectation was that 

the animals that ran the shorter distance showed the more 

profound fall in blood pH. Also these same animals tended 

to exhibit higher pulse and respiratory rates (Table 10). 

Although there is no statistically significant correlation 

between any of the acid-base parameters and di.stance run, 

the following deductions can be made: PO lies within the 
2 

10 to 25 percent significance range~ of the positively 

correlated parameters, pH values rose (i.e. animals became 

less acidotic) the further the distance run, the standard 
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Table 10: Pulse, respiratory rates and body temperature in 
blesbok immediately after exerciseo 

distances pulse respiration temperature 
run ( OC) 
(km) 

2 250 64 41,3 

4 128 96 41,6 

8 228 84 41,8 

8 - 10 112 40 41,6 

10+ 204 84 41,8 

bicarbonate, base excess and P0
2 

rose proportional to the 

distance run; the negative correlation with PC0 2 indicates 

that PCO 
2 

decreased as the distance was increased. 

When the pH of the blood samples, after equilibration with 

4 percent and 8 percent. C0
2 

was plotted against log C0
2 

on 

a Siggaard-Ande.rsen Curve Nomogram, we see the strongest 

shift in those animals than ran rapidly fo.r 2 km. The 

animals in that group showed lower pH values than those 

that ran 4 km, while the only animal that became exhausted 

shows a line that l.i.es to the right of normal at the time 

of sampling, moving slightly to the left of normal 10 min. 

later. 

Although the group of 18 an,imals is too small in itself for 

valid conclusions under the circumstances of the experiment, 

the indications are that a rapid build-up of fixed acid occurs 

during the early part of strenuous exercise, and that as the 
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animals become progressively exhausted, the pH rises. 

This general picture may explain why an unexpectedly high 

mortality was suffered when tsessebe were in Ject:.ed from a 

helicopter after a very-short .chase, w1th synrhetic morphine 

immobilising compounds as reported by Young (1972). Mor­

phine and morphine-like compounds are generally regarded as 

causing acidosis through reduction of the sensitivity of the 

respiratory centre (Soma 1971). 

The effect of this may have been to cause a fur~her reduc­

tion of the blood to levels incompatible with survival. On 

the oth~r hand, tsessebe injected with etorphine hydrochlo­

ride/aqetylpromazine maleate mixture whi.le standing, exhib­

ited no acidosis, the blood pH level remaining well within 

normal limits (Fig, 22). It may then be post'-llated that 

the intensity of the efforts made by the antelope to escape 

from the helicopter alone may have caused pH changes suff­

icient tQ cause death. 

The extent of the acidosis manifested in thts series of ex­

periments is considerable by human standards although much 

lower values were later recorded for zebra and wildebeest. 

Already these levels are suffic1ent to affect myocardial 

contractility which is said to be depressed at pH levels 

below 7,15. In addlL~o~, accord1ng to Soma 11971), lower 

than normal pH is stated as creating a broad spectrum of 

homeostatic alterations including not only many metabolic and 

enzymatic activities, but also functional changes such as 
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cardiac contractility and rhythm. 

The rise in levels of enzymes (GOT, GPT, CPK and LDH) ind­

icates muscle and organ damage, stress and impending shock 

(Chapter Ten) . 

ZEBRA AND WILDEBEEST 

IT appears that the immediate clinical man1festat1on of 

capture myopathy due to an acute chase is associated with 

a marked rise in hydrogen ion concentration of the blood. 

Bicarbonate and base levels in these an1mals together with 

blood PC0
2 

indicated that the acidaemia was of metabolic 

rather than of respiratory origin. 

The results in zebra, as well as those of antelope such as 

blesbok suggest that at least part of the 8apture myopathy 

syndrome may be ascribed to a profound fall in blood pH. 

The fall in pH to levels of 6,5 after only a short chase 

indicates that acute capture myopathy is ltkely to occur 

in well-rested animals in good condition Furthermore, 

the rapid build-up of metabolic ac1d in zebra exercised 

intensively for a short distance suggests that the precept 

of a rapid short chase is not necessarily sound and that 

animals are perhaps more likely to survive after a longer 

but less intensive chase. 

At the levels of acidosis found after chasing and capture 

the contractility of the heart muscle and therefore the 
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cardiac output is considerably decreased. Watts and Webb 

(1969) report that myocardial contractility is depressed at 

pH levels below 7,15. Severe acidosis is stated to occur 

at a pH of 6,86 by Zimmerman and Levine (1957) resulting in 

a fall of blood pressure and an irritable myocardium with 

possible ventricular fibrilation and cardiac arrest. Lev-

els as low as 6,8 have recently been reported as occurring 

in human athletes under conditions of intensive exercise by 

Osnes and Hermansen (1972). 

The picture is inevitably complicated by a number of factors 

including the actual method of eventual restraint, subseque­

nt fear and shock. Some of these may in themselves pre­

cipitate a state of capture myopathy, and resultant death. 

Moreover, factors such as genetic or acquired predisposition 

cannot be excluded, neither conditions of a more chronic 

nature, such as damage to major organs by shock, trauma, or 

lesions that may cause disease and death after longer int-. 

ervals following captureo Deaths in this group were, how­

ever, of the acute natUre occurring in less than 12 hours 

in all Untreated zebras, suggesting that in this animal 

species the pH factor described, alone militates against 

survival even though the actual chase was short and the stress 

inflicted relatively slight. 

CAPILLARY BLOOD 

CAPILLARY blood samples are taken routinely in hospitals to 

reflect the pH and gas pressures of arterial blood. A 

series of blood samples taken,as far as possible,simultaneously 
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from arterial, venous and capillary sources showed signifi­

cant differences that appeared ··to r-elate to the state of 

circulatory- stress. Arterialised capillary samples taken 

soon after capture when plotted on the Siggaard-Andersen 

Curve Nomogram closely follow the arterial alignment (Fig. 

36). As the animals became more depressed and the blood 

pressure measurements indicated blood circulatory embarrass­

ment, the capillary values shifted to the venous side and 

beyond (Fig. 37). The shift was reversed after infusion 

so that the capillary values began to re-approach that of 

the arterial value (Fig. 38)o 

The occasional capillary showing P0
2 

values exceeding that 

of arterial blood indicates that there is a slight tendency 

for equilibration of the blood drop with the atmosphere to 

take place. This tendency is enhanced in our experimental 

animals in that a dependant drop is difficult to obtain so 

that blood runs down· the ear forming an excessively large 

surface f,er gaseous exchange to take place. The variation 

of the capillary parameters between that of the venous and 

arterial sides appeared to parallel the degree of stress 

and circulatory restriction suffered by the subject animal. 

Differences in the parameters of capillary bloods as comp­

ared to those of arterial blood occurring in stressed animals 

indicate that the capillary method could not be used as a 

substitute for arterial blood under these conditions. 
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Figure 36~ Capillary blood at rest. Siggaard-Andersen 
curve nomogram showing relationship with venous 
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Figure 37: Capillary blood during stress. Siggaard-Andersen 
curve nomogram showing relationship with venous and 
arterial values. 
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Figure 38: Capillary blood during recovery. Siggaard-Andersen 
curve nomogram showing relationship with venous and 
aterial values. 
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RECOVERY AFTER INFUSION 

ALONG the regression curves of pre-infusion data were 

fitted the post infusion datqo If a line were proje-

cted from the regression to reach the point that infusion 

' data started at, we can see how much time is gained or 

not, by the infusion. This does not take into account 

other physiological damage occurring meanwhile. 

There was a case, however, of one zebra in the data an-

alysed, which showed a negative correlation. If the line 

were to be projected into the future, it would indicate 

that without infusion therapy (which restored the pH) the 

animal would not recover. 

There is a difference in the regression curves between 

zebra and blue wildebeest, and it is interesting to note 

that the starting values of pH were higher in wildebeest 

than in zebra, and each projected a different curve (Fig. 34 

and 35).0ne could hypothesise that different starting 

values would project different curves as seen in Fig. 39, 

but the amount of data is insufficient to prove statistic-

ally. 

MuscLE PH 

WORK has been performed (Filler, Das and Espinosa 1972) on 

neonatals (man) in which rapid haemodynamic and respiratory 

changes were anticipated, such as surgical cases of gastro-

schisis, hepatic lobectomy and repair of cardiac defects. 
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Cases that died c:.s a result of surgery showed a progressive 

ante mortem fall in muscle pH to values as low as 6, 60 while 

the blood pH value 1va.s normal or elevated. The infusion of 

alkaline substances caused a rapid rise in blood pH to 

alkalotic levels, but f-ailed to reverse a slow and down-

ward trend of muscle pHo It was. also observed that 
I , : 

'muscle pH as low as 7,08' lasting. £rom four to 12 hours, 

and which did not improve with fluid th~rapy,'were seen in 

cases due to severe anoxic brain damage. This condition 

was presumed to have resulted in a generalised vasculitis 

and persistent vasoconstriction. 

In a number of straightforward cases of metabolic acid-

osis, the muscle pH reflected accurately the pH of blood. 

However, in other cases, such as those associated with 

renal insufficiency, muscle pH was 7,16 and blood pH 7,24. 

The muscle pH rose to that of the blood level after fluid 

therapy but only after a lapse of approx~mately six hours. 

It was concluded that a low muscle pH associated with 

normal or even hi.gh blood pH was due to abnormalities which 

are known to result in tissue perfusion such as ~leeding, 

extra-cellular fluid deficit, decrease in cardiac output 

and the various conditions which cause peripheral vasocons-

triction (Filler et al 1972). 

Hypovolaemia due to the constriction of the major abdominal 

vein was reflected in a fall of muscle pH during a fifteen 

minute period and this fall of muscle pH preceded the fall 

in arterial blood pressure by five minutes, muscle pH returning 
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rapidly to normal when the circulation was re-established 

(Filler and Das 1971). It is significant to note that a 

muscle pH loweP than that of the aPteriaZ and cerd;Pal venous blood was 

seen Pight at the onset of shook. Here again the blood pH gave 

little indication of that of the muscle. Animal studies 

by Smith, Lem:leux and Couch ( 19 6 9) also showed marked changes 

in muscle pH with minimal alterations in central arterial 

pH. 

The measurements of muscle pH in zebra were made after 

the establishment of standard parameters and the drawing 

of the first series of blood samples, i.e, after catheter-

isation of the pulmonary artery and of peripheral arterial 

punct.ure. This procedure usually took ten minutes so that 

there was adequate time for the equilibration of muscle 

fibres with the circulating blood under normal conditions 

during rest. Ventilation during this period was adequate 

as indicated by optimum oxygenation of the blood and rei­

actively low PCO levels. It must therefore be concluded 
2 

that the lower muscle pH value as compared to those of the 

circulation reflects significant changes in the normal 

circulation. A few measurements made so far corroborate 

these findings revealing d.istortion of the electrocardio-

gram and low systemic blood pressure (Chapters Five and 

Six). There is every indication, therefore that during 

the acidotic phase after capt~re there is a considerable 

fall in cardiac output with subsequent hypovolaemia. 

It may be concluded that the animal stressed by a rapid 
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short chase and resultant acidaemia may exhibit a muscle 

pH that is lower than that indicated by the arterial and 

central venous blood. This appears to be due to a loss 

of essential tissue perfusion in turn resulting from a 

fall in cardiac outputf reduced blood pressure and hypo-

volaemia. The lower muscle pH corroborates the findings 

of circulatory changes, e.g. low capillary PO. and high 
" 

PC0
2

, with high capillary haematocrit (Chapter Eight). 

Also this may in turn be responsible for the patchy dis-

colouration of muscle fibres which is seen on autopsy of 

animals that die from the capture myopathy syndrome. 

The restoration of the low muscle pH after infusion may 

be due directly to the bicarbonate in the perfusate, but 

probably to a greater extent due indirectly to the impro-

ved circulation. Filler et aZ ( 19 72) found that the inf-

usion of alkalis did not affect muscle pH, but then their 

patients were not suffering from impaired circulation as 

a result of acidosis but rather from an acidosis due to 

impaired circulation. The further fall in pH after rest-

oration of normal blood levels with bicarbonate infusion 

does suggest a reservoir of metabolic acid in the muscles 

which is liberated during the hour or so subsequent to inf-

usion and presumably only after the normal circulation and 

therefore tissue perfusion has been re-est :tblished (Fig. 40). 
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Figure 40: Siggaard-Andersen curve nomogram showing 
acid-base levels in zebra after bicarbonate 
infusion therapy. 
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CHAPTER FIVE 

CARDIAC CHANGES 

ELECTROCARDIOGRAM 

INTRODUCTION 

THE electrocardiogram is an import.ant tool for the diagno­

sis of conditions affecting the heart, or those manifesting 

themselves in changes of the heart beat. It has, however, 

been used to a much lesser extent for animals than for man, 

and similarly for wild animals than for domestic stock. 

The literature on cardiac defects in animals measured in this 

way is sparse, other than a relatively small amount on the 

dog and cattle (Volkart 1957, Mordohovich 1971) and the 

horse (Steel 1963). 

A further problem is associat.ed with the instrument itself. 

The electrocardiogram in man is based upon the original 

work of Eindhoven, where the human body is considered as a 

flat triangle. The potential difference is taken between 

the left and right arms! the right arm and left leg, and the 

left leg and left arm. The relationship of the heart to 

the limbs in animals is clearly qu1te different. Consid-

erable confusion has arisen in that it has only recently 

been realised that the electroca:cdiogram of the animal shows 

considerable differences in relationship to posture, and 

120 
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that there are changes in the configuration according to 

whether the animal is lying on its left side or right side. 

Similarly, experimental recordings in dogs restrained on 

their backs, show different electrocardiogram tracings 

according towhether the heart falls slightly to the left 

or the right in accordance with small variations in the 

animal's position (own records, unpublished). 

Consequently, all animals recorded here have been instrum­

ented while lying on their right side. Included are 

animals that were restrained manually after standardised 

exercise on the track, and those immobilised and infused 

with low levels of adrenaline with and without phenoxyben-

zamine hydrochloride. Details of the registration and 

applicatioh of the electrocardiograph leads are described 

in Chapter Two. The eleven tracings shown here reflect a 

selection of nearly a kilometre of heat-sensitive electro­

cardiograph tracings. 

RESULTS 

VARIOUS pathological complexeshave been noted in the elec-

trocardiogram tracings. These are the following:-

ISCHAEMIA 

LACK of blood flow to part of the heart muscle causes this 

area to become negative when the heart muscle is stimulated. 

This occurrence, especially in the left ventricle, and cons­

equently the abolition of part of the positive wave will 
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induce an inverted T-wave (Schamroth 1975),·sometimes to­

gether with a raised ST-segment. This configuration, 

however, depends upon the lead from which the particular 

part of the tracing is taken and its relationship to the 

ischaemic area. In animals such as the horse the normal 

T-wave tends to be invert~d (Steel 1963) . Ischaemia may 

be evident only on exercise when due to enlargement of the 

heart muscle. Then a normal tracing at rest will show 

changes immediately on exercise" 

R 
R 

normal E_athological 

This phenomenon thus may occur in apparently normal hearts 

where there is excessive stress, and appears to occur in 

some of the tracings of the eland. 

HYPERTROPHY 

THE musculature of the heart tends to dilate excessively or 

thicken under certain conditions and has been noted in the 

zebra at necropsy. This may be due to pulmonary hyperten­

sion with regard to the right ventricle, and in the left 

ventricle in relationship to excessive work load. The post 

mortem picture has not been related to the electrocardio­

gram tracing, but indications of abnormality are evident. 
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Thus, if the right ventr1cle is enlarged, the potential may 

equal or exceed that of the left ventricle resulting in a 

greatly increased R-wave. At the same time, ischaemia 

will induce, in this case, a depressed ST-segmento When 

the musculature enlarges, there is a relative paucity of 

blood vessels, as the ratio of blood vessels to muscle 

fibres remains the same. 

When the left ventricle is enlarged there is an increased 

electrical force in the left ventricular wall. Here again 

we have a high R-wave and the T-wave is inverted" This 

also appears in the eland after repeated forced exercise. 

R 

S-T __,--

depressed ST-se211ent 

R 

_j 

h1gh R- and inverted T-wave 

SINUS TACHYCARDIA AND BRADYCARDIA 

THESE two conditions are not necessarily associated with 

disease conditions. The first appears to occur in the 

test animals under conditions of hyperthermia or excitement. 

Heart rates rising to 200 or more per minute have been re-

corded especially in zebra. The configuration of the ele-

ctrocardiogram is essentially normal but rapid, and changes 
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that occur are probably due to Incomplete diastolic filling. 

Bradycardia on the other hand is assocldted with vagal hyper­

tonus. It tends to occur 1rregularly, and 1s often asso­

ciated with periodic vagus escape. It was seen only in 

the eland bulls. 

SINO-AURICULAR AND ATRIO-VENTRICULAR BLOCK 

THIS is due to a periodic failure of the conductive system, 

and one or more complete configurat1on fails to materialise 

(Schamroth 1975), It may occur regularly on altern~te 

beats, or sporadically. If it occurs on alternate beats 

it may be confused ·with bradycardia, but in this condition 

the heart rate will double suddenly after a relatively 

small effort. Partial block with lengthening of the PR-

interval is evident. It is likely that this phenomenon in 

wild animals is associated with cardiac damage fro~ adrenaline 

effects during restraint and thus more likely to be more 

damaging to the heart than it is on an an1mal free to move. 

In partial block, the PR-lnterval lengthens untll sporadi­

cally a beat is dropped (see eland in Plate 10), 

EcTOPIC ARRHTHYMIAS 

THESE are ascribed to beats coming from the ventricular or 

other cardiac t1ssue. A beat arising in the ventricle 

cannot affect the atria, but the subsequent normal beat spre­

ading downwards from the atria, may f1nd the ventricles re­

fractory (lower tracing, sable bull Plate 4), so that a 

pause in the normal sequence ensues with loss of a QRS-qomple~. 

Similarly, the QRS-complex may be deformed, particularly as 
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the impulse spreads through the muscle and not through the 

normal cardiac conducting fibres. This is seen in the 

tracings of the sable bulls (upper tracing, sable bull, 

Plate 4). 

PAROX'YSMAL TACHYCARDIA 

THIS is a series of rapidly occurring ectopic beats chara-

cteristically seen in Plate 1. The origin of the extra 

beats may be in the atria, the sino-auricular node or the 

ventricles. 

The extra beats seen in the animals in the present study 

were characteristically of high voltage and stand up well 

above the pattern of the other QRS-complexes. They have 

been observed mainly in animals with high catecholamine 

tonus and appear to be due to a raised irritability of the 

myocardium (see the high voltage complexes in tracing from 

sable bull, Plate 1). 

POTASSIUM EFFECTS OR HYPERKALAEMIA (SEE ALSO CHAPTER THIRTEEN) 

THE results of excess potassium in the plasma usually ass­

ociated with red discolouration from intravascular haemoly­

sis or circulating myoglobin results in tall T-waves (see 

eland Plate 8) usually with a diminution of the amplitude of 

the R-waves. This may result in a blending of the RS-com­

plex with the T-wave (see eland in Plate 3). 

An apparently enlarged U-wave is seen in hypokalaemia. 
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R R 

This condition seen in debilitated animals, animals with 

diarrhoea and with chronic intestinal parasitlsm, may be 

confused with hyperkalaemia while the U-wave may be con­

fused with an enlarged T-wave. No definltive recordings of 

these have been made. 

CALCIUM EFFECT (SEE ALSO CHAPTER THIRTEEN) 

IN hypocalcaemia, due to depression of calcium ions by 

lactate, there is a slurring of the configuration and a 

lengthening of the QT-complex (see eland bull in Plate 7) . 

R R 

hypokalaemia 

The effect on the heart of lack of calcium ions is physiol­

ogically essentially the same as that of excess potassium. 
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Plate 1: Electrocardiogram of sable bull under fen t anyl/azaperone/ 
xylazine narcosis. Infus i on of adrenaline to examine blood 
urea, blood urea nitrogen, creatJnine and lactate levels. 
The electrocardiogram shows systolic arrythmias with extra­
systoles tending to occur i n a trigeminal r~ythm . The 
extrasystoles are refl ected in changes in ths pulsdtion of 
the pulmonary artery blood pressure. 1owar ds the end of 
the upper s t rip a series of extrasystoles is followed by 
asystole. Pulmon9~Y arter y pressure is hi gh. Extrasystoles 
are sometimes seen to be preceeded by a shoi~ coupling int­
erval, Rap i d ventricular tachyarrhythmi as such as extra­
SYbtolic ventricular tach ycardi a. frequently preceed and pre­
dispose to vent ricular f i bri lation. which t1as been postulated 
as a cause of death in acut e captur8 myopat hy (probably near 
fibrilation is occurring in the right upper t~acing]. 
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Plate 3: Electrocardiogram of eland bull 15 minutes after forced 
exercise over 2 km distance. The heart rats in this animal 
is more rapid with signs of ventricular tashycardie with 
changes in the QRS-complexes. P-waves are normal out T-waves 
are inverted and sometimes prolonged. The changes in the 
T-wave may result from a high level o~ circulating blood 
potassium. We have here, therefore. a rapid rate, arrhythmic 
sequence and secondary ST-segment and T-wave changes . 
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Plate 4: Electrocardiogram of sable bull with ~drenali~e infusion for 
urea, blood IJrea nitrogen and lae;tate eatimat i ons, Both 
tracings show paroxysms of repetitive extrasystolic ventri­
cular tachycardia. The first bizarre somplsx of every paro­
xysm has a fixed coupling interval to the p:ece9ding sinus 
beat. Somt:3 of the post-extrasystolic pauses 3T8 terminated 
by a P-wa'Je dif-ferent in configuration f:ro:n that :Jf the normal 
sinus P-wave (lower tracing). This probably indicates an 
atrial escape beat arisin g from an ectopic atrial focus. 
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Plate 5: Electrocardiogram of sable bull with adrenal ine infusion for 
urea, blood urea nitrogen, creatinine and lactate estimation. 
Seen in this electrocardiogram tracing are sig~s of atrial 
flutter . This is characterised by rapid heart rat e and 
also by rapidly repetitive atrial defle ction . Thes e waves 
distort t he base line of the electrocardiogram recording. 
Some of these atrial waves are superimposed upon and masked 
by the QRS-complexes, the ST-segments or ths T-waves . Towards 
the end of the t racing there are signs of asystole or cardiac 
fibrilation with absen~e of ventricular pulsations seen in 
the tracing below. 
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Plate 6: Electrocardi ogr am of sable bull wi th adre naline i nf us i on for 
urea, blood urea nitrogen, creat i ni ne and l act ate estimations. 
In contrast to the previous sable we notise he r e marked signs 
nf ventricular extrasystoles, and hi gh vol t age extrasystolic 
ventricular tachycar dia . We notice here the normal P- waves 
and vent ri cul ar extrasystoles i n bi gemi nal rhyt hm (t op t raci ng) 
and a longer seri es of consecutive ventri cular extra systoles 
in the lower strip. These lead to comple x i nterference -
dissoQiation. The extrasystoles lead, in t his case, to high 
pulse pressure peaks i n the pulmonary artery t racing seen part­
icularly i n the lower strip. In between the extrasystoles is 
a low vol t age electrocardiogram (see 1 mill i vo l t s~andard on 
lower tracing). In the second st r ip, the interva l between the 
extrasystoles s hows a low pulse press ure in t he pu l monary artery 
tracing (see commen cement of l ower st~ip). Apart f rom t hat, 
th~ pulmonary art ery pres s ure i s fai r l y hi gh, nearing t he 50 mm 
mark, ~hich pr obabl y represent s adrenergi c hy pert onus and pulm­
onary vascula r cons tri ction. 
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OEVICES ENGLANO S 2250. 14 J 

I • .... 

Plate 7: Elect rocardiogram of eland bull 30 minute s aft e r exerci se over 
2 km di stance. We see here a slurring of t he QRS- complexes 
and particular ly the prolongat i on of the QT-int erval has a 
typical hypocalcaemic effec t due to the de pression of calcium 
ions by lactat e. The depression of the heart beat r esults in 
a low pulmonary artery pressure with marked absence of pulse 
peaks. 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



134 

Plate 8: Electrocardiogram of eland bull, 45 minutes after forced 
exercise over 2 km distance. As in the preceeding plate, 
we notice a typical slurring of the QRS-complexes and part­
icularly the prolongation of the ST-segment (see lower tracing). 
Seen also are high T-waves, possibly associated with a 
hyperka1aemia (see especially middle traci~g) . Ventricular 
pulse pressure Wc;lves are of normal amplitude (see upper tracing) 
and w~th negative atrial pressure. The centre tracing shows 
signs of arrhythmias possibly associated with a sinus arrh,Yth­
mia and this is reflected in the amplitude of the ventricular 
tracings and changes in the conformation of the pulmonary 
artery pressure I(Javes. 
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Plate 8: Electrocardiogram of sable bull with adrenaline infusjon for 
urea, blood urea nitrogen and lactate estimation . In this 
an i mal an alpha-adrenergic blockade was induced with phenoxy­
benzamine hydrochloride, resulting in an extremely low pulm­
onary artery pressure: in sharp contradistinction to the 
previ ous sable. As a result, there was an in Greased cardiac 
output and a rapid heart rate. The heart shows evidence of 
sinus tachycard:;.a due to diminished vagal tone augmented by 
in::reased sympathetic tone. There are normal sinus P-waves 
at a rap i d rate with a beat exceeding 100 per minute. Th i s 
con~iguration is also seen in hyperthermia, the sinus rate 
tending to increase by some 8 beats per minute for every degree 
rise in body temperature. It is also s een where there is a 
diminution of oxygen saturation (Schamroth 1875). 
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Plate 10: Electrocardiogram of eland bull 30 minutes after forced exer­
cise over 2 km distance. Here we have a sinus br~dycardia 
at a rate of approximately 60 per minute. The sinus brady­
cardia is characteristically accompanied by a sinus arrhythmia. 
In the lower tracing. one notices an ectopic beat followed by 
a refractory period with. however, little change in the blood 
pressure . The upper tracing shows a characteristic vagal 
escape showing that the bradycardia is an expression of in­
creased vagotonia. This phenomenon has previously been seen 
in sympathetic blockade as in the administration of beta 
receptor block:ir,g agents" The normal configuration of the 
QRS-complexes suggests a sinus tachycardia rather than a vent­
rtcwlar escape rhythm. On the other hand, the rapid beats at 
the termination of the lower tracing and the reflected fall 
in the ventricular pulse pressure suggests a ventricular abno­
rmality and therefore may be an escape rhythm of ectopic origin. 
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Plate 11: Electrocardiogram of eland bull 30 minutes after forced 
exercise over 2 km distance. The significance of this 
el~ctrocardiogram tracing is uncertain. We have here a 
very strongly developed P-wave with a low voltage QRS-complex. 
This is followed by an inverted T-complex and a greatly 
prolonged ST-complex . This manifestat i on may be due to a 
~ombination of a hypocalcaemia and a hyperkalaemia. Vagal 
hypertonus may be inducing a co ndu ction bloc k. Marked 
T-w~ve changes is thought to indicate myocardial disease. 
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CARDIAC OUTPUT 

INTRODUCTION 

ONLY a li~ited number of cardiac outputs have so far been 

determined. This was due to considerable problems with 

regard to the catheterisation mechanisms evolved for human 

use (now modifie~ and recording of cardiac pressure waves 

through this instrument. 

MATERIALS AN~ METHODS 

A sufficienr numbe~ have, however, been determined (appro­

ximatel¥ 12 spccessful estimations) to confirm the marked 

lowering of cardiac output in the stressed animals. The 

method of measuring cardiac output is described in detail 

in Chapter Two. 

RESULTS 

MEASUREM~NTS indicated~,that the output in medium-large 

animals such as zebra and sub-adult eland run at about 

10 to 13 litres per minute immediately on capture, or in 

sable immediately after immobilisation. Soon after cap­

tu+e the output fell to approximately normal resting values 

of some 9 to 11 litres per minute. Thereafter, as the eff­

~cts of stress ~ecame apparent, the output fell steeply 

while the pufse rate rose. An output of 5 litres per min-

ute (6,3 and 5,7 in two zebra), normal for man, should be 
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considered very low for animals weighing some 250 kg or 

more. In fact, levels considerably lower than this were 

recorded in acidotic animals. One eland bull with a 

cardiac defect registered only two litres per minute about 

one hour after capture. The latter was not suffering from 

lethal capt~re stress, as all eland recovered including 

those run without treatment, i.e. as controls. The cardiac 

outputs of the original zebra in the Kruger National Park 

which suffered from lethal capture stress, i.e. fatal when 

not treated, were not measured. 

There was also evidence of a considerable fall in cardiac 

output in those animals that showed a rise in pulmonary 

artery pressure. The re~sons for this have been discussed 

under the section dealing with the fall in systemic pressure 

and were probably mainly associated with a fall in pulmonary 

blood pressure perfusion. At the same time, the effect 

of pH on the cardiac musculature must be taken into account 

as also ~he effect of the high potassium levels on the heart. 

In the sable antelope, where the stress was induced by low 

level adrenaline infusion, the cardiac output could be 

restored by the infusion of phenoxybenzamine hydrochloride. 

As the systemic blood pressure was restored by bicarbonate 

infusion in acidotic animals, it seems likely that the cardiac 

output is also restored by this procedure, particularly where 

the hea+t is affected mainly by the acidaemia. 

The cardiac output measured on six eland immediately after 

exercise and 30 minutes later was analysed statistically 
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(Table ll). The t-test for paired observations was made 

Table 11: Cardiac output in eland immediately after forced 
exe+cise and thirty minutes later, in 1/min. 

eland no. 

3 

4 

6 

8 

9 

10 

average 

immediately after 
exercise 

2,9 

7,0 

.12,7 

16,9 

3,9 

5,2 

8,10 

30 minutes 
later 

2,1 

4,5 

14,9 

6,5 

2,5 

5,0 

5,92 

to compute the difference or degree of drop between the 

first time and 30 minutes later. The result was as follows: 

t
5 

= -1,238 not significant at 10 percent (n = 6). 

DISCUSSION 

THE small sa~ple size enabled no statistically significant 

result to be realised from this analysis. Direct obser-

vations may be made from the table of raw data above and 

evaluated on its face value, but clearly further work has 

to be done in this field. The cardiac output appears to 

drop on average, over a period of 30 minutes, from 8,10 to 

5,92 litres per minute. 
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It appears, however, that the cardiac output may be used as 

a meqsure of the intensity in the acute phase of capture 

stress. It further appears to be associated with a fall 

in pH affecting the heart output in two ways:-

(a) A direct effect on the cardiac musculature 

as w~ll as through depression of calcium ions, associated 

with a rise in potassium ions due to intra-vascular haem­

clysis and degenerative changes in skeletal muscle fibres, 

and (b) by an indirect effect on the alpha receptors 

of the pulmonary vasculature. 

We may, therefore, have a double effect where the i~crease 

in pulmonary artery resistance and the associated rise in 

pulmonary artery pressure causes an increased work-load on 

the r~gnt heart, whi~h is in turn weakened by excess hydro­

gen ions, excess potassium (Chapter Thirteen) and possibly 

depression of calcium ions by lactate. 

Neither P0 2 nor PC0 2 appear to be causative factors in the 

actual circulating blood as the levels there are normal, 

although gross abnormalities are found in capillary blood. 

A high sympathetic tonus makes the low venous return as a 

causative factor unlikely; in any case as venous pressures 

are normal. The cardiac output is greatly increased when 

alpha receptors are blocked by phenoxybenzamine hydrochloride 

infusion at low levels (Chapter Eleven) • 

The fall in systemic blood pressure associated with a lowering 

tn cardiac output must cause considerable decrease in perfusion 
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of blood in organs such as liver and kidney. The former 

is associated with the metabolism of pyruvic acid and lac­

tic acid and the lack of function of this organ is indicated 

by the inability of the sever~ly stressed animal to restore 

the blood PH to normal levels without assistance in the form 

of alkal~ne infusion (Chapter Four) . Lack of function of 

the kidnyy under these circumstances is illustrated by the 

rise in metabolites in stressed animals (Chapter Eleven). 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



CHAPTER SIX 

BLOOD PRESSURE 

PULMONARY HYPERTENSION 

INTRODUCTION 

CHANG~S in blood hydrogen ion concentration was shown to 

effect pulmonary vascular resistance and the capacity of 

the pulmonary vascular bed, a fall in hydrogen ion concen­

tration producing a pulmonary vasodilatation (Enson, 

Giuntini, L~wis, Morris, Ferrer and Harvey 1964). Previou-

sly the role of nervous factors in pulmonary vasoconstri­

ction hqd been doubted and the changes in pulmonary artery 

pressure which resulted from immersion cooling ascribed to 

reduced cardiac output (Kuhn and Turner 1959). Conversely 

it has been demonstrated that the pulmonary vascular tree 

is under the control of the autonomic nervous system 

(Fishman 1964). Furthermore the vascular reflex has been 

shown to be mediated through the sympathetic nervous system 

(Hyman 1966), and to be transmitted at least largely by 

alpha adrenergic receptors (Barwinsky and Reyes 1966, Ingram, 

Szidon, Skalak and Fishman 1968). 

Chronic left heart failure has also been shown clinically to 

be frequently accompanied by increased pulmonary resistance. 

The increase in pulmonary resistance apparently preceeds 
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that of the increase in peripheral resistance (Riordan and 

Walters 1969). 

Experiments on dogs involving total body cooling showed 

that moderate cooling resulted in a significant rise in 

pulmonary vascular resistance affecting both the venous 

and arterial sides of the circulation, but with a greater 

effect on the venous side (Stern and Braun 1970). Alpha­

blockade reduced the vasospasm on the venous side, but on 

the arterial side only in part. It was concluded that 

active vasoconstrictor changes were induced by hypothermia • 

. Alpha-blockade under these circumstances results in impro­

ved cardiac function and inGreased cardiac output. The 

relief of post-c~pillary pulmonary vasoconstriction incr­

eases the venous return to the heart with improved coronary 

and cerebral circulation. The lowered resistance of the 

pre-capillary vessels increases the cardiac output and re­

duces the work load of the heart. 

Alpha-blockade induced in patients suffering from shock 

of various origins such as sepsis or hepatic disease, and 

showing clinical evidence of coma and anuria, resulted in 

improvement of the condition in a proportion of cases 

(Fromm and Wilson 1969). It was noted that in three pa­

tients with pulmonary oedema, alpha-blockade resulted in 

dramatic disappearance of the rales in a few minutes. This 

suggests that the observation of Stern and Braun (19/0), 

that the vasomotor changes induced by hypothermia is greater 
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on the venous side, applies to vasoconstriction induced by 

methods other than hypothermia, and in fact obtains in 

clinical cases of pulmonary oedema. 

The experiences reported above illustrate the necessity of 

maintaining adequate blood flow and the importance of 

tissue perfusion, rather than blood pressure, in maintain­

ing both the intE~gri ty of organs and.- that of the circula­

tion. It has been pointed out (Anderson, James, Breden­

berg an9 Hardaway 1967), that critical reduction in effec­

tive blood flow is not necessarily reflected in systemic 

cardiac output on account of aterio-venous shunts resulting 

in a hyperkiqetic syste~ic flow without effective perfusion 

of vital tissues such as the liver. 

MATERIALS AND METHODS 

EIGHT zebra and eleven wildebeest were used. The methods 

of inqucing stress and subsequent measurements are descri­

bed in Chapter Two. Blood pressure measurements were 

taken from the anterior vena cava, right atrium, right 

ventricle, pulmonary artery and posterior aorta. 

The location of the tip of the catheter and therefore the 

location being monitored was ascertained by means of the 

characteristic wave pattern exhibited by the various ana­

tomical areas mentioned above as recorded on the blood 

pressure module. The differences can be seen clearly 

in Plates 12 and 13. The main differences are, in effect, 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



147 

:1 I r WILDEBEEST 

POST 
. . ~ruS~N 
~ ,....J"""' ,_...)-;.....r _,-.,_,-........... - .-'--........-_,-;.....r ....r ....r , ...... i-.-'~-_.;~-........--........-........~-,__;--'­
ool 

iJ .. 

j J:. ~ ATRIAL AND 

. . mMAMMMM~~~\\\1\:\\\\tV\~\\\I,;v\Yl~~f~~AR 

, \ 
. 1 __ ~ ~...-----r--.....----'~~~~-~-r~ 

' f . 

VJI)~AAfv\JVWWJ\JVv\J\JV~VwyJ\11 
.. ·~. .. 

---- --·----

f ' ' 
•' 

--' ''? ~ ~ ----'~___..-~ ___r--' __:r--; I ,, . 

t PULMONARY 
ARTERY · 

.... 

501 
ItO 

SYSTEMIC 
13<fso _ _J:~ 
~~ 

Plate 13: Blood pressure tracings in blue wildebeest after . 
exercise post bicarbonate infusion therapy. 
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Plate 12: Blood pressure tracings in blue wildebeest aftet 
exercise prior to bicarbonate infusion therapy. 
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at.rial 
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ventricular Eulmonary systemic 

The trac1ngs demonstrate distinct changes in blood pressur8 

that occur as a result of the stresses to which the animals 

were subjected. Treatment consisted of an infusion made up 

as described (Chapter Two) . 

RESULTS 

THE exact levels of pulmonary arterial pressure are diffi­

:'JJ t to asc~?rtaHl owing to m11scular movements ot the cc:·q: ·· 

tured an.i.rnals as also dysppoea associated with acJJaemia. 

PPak s up to tOO mm Hg were ce.corded Ln several in~ LancE':,. 

l'Yc r-xend ':;£the blood pres:5ure t.ra<:.:ings was ·1 u·.~,_·reasP 

1 r. ;:_;ys temi c, and an l ncrease in puJmona ry artery pressure 

iFt.q. 41. \. 

In some 0f the animaLs capt~red an apparently low ;ystemir 

pressure and high pulmon.:u:y artery pressure was evident 

•mmediately on capture (Fiq. 42). In these c~ses iurlher 

delerioration occurred rlurt~g ~he interval between capture 

-:Hd trea t.ment.. 
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Figure 41: Blood pressure changes in zebra before and 
after bicarbonate infusion therapy. 
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Figure 42: Blood pressure changes in blue wildebeest 
before and after bicarbonate infusion therapy. 
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The mean value for all animals for pulmonary artery 

pressures, taken about 30 minutes af.ter capture was 70/19 

mm Hg, falling to 62/12 mm Hg five minutes after infusion 

of the bicarbonate solution. 

The fall in pulmonary artery pressure afte.r the infusion 

was, in all cases, accompanied by signs of clinical impro-

vement. There was a reduction in dyspnoea and tachycardia, 

a normalisation of systemic l;>lood pressure, and an increase 

in alertness. 

An apparent fall in systolic pressure was sometimes evident 

without a com~arable fall in diastolic pressure. The cause 

of this change was a reduced pulse pressure. This reduced 

pulse pressure was not an artifact due to the location of 

the arterial catheter, ~s the arterial catheter is not nor­

mally moved from its position during the experiment. 

A reduced pulse pressure was a constant phenomenon observed 

in most if not all the animals subjected to forced exercise. 

Prior to the dir~ct measurement of the blood pressures, a 

reduced pulse pressure was recprded by palpation and was 

related to a decrease in the amplitude of the heart sounds 

as determined by auscultation. 

Pulmonary artery pressure was not in all cases high immed­

iately after capt~re, but tended to rise during the first 

30 to 60 minutes after capture (Table 12). The values 

soon after capture are sporadic owing to the difference in 
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Table 12: Blood pressure curves in zebra and wi.ldebeest 
after forced exercise (averages of 19 animals) 

venous 

zebra 

wildebeest 

atrial 

zebra 

wildebeest 

ventricular 

zebra 

wildebeest 

pulmonary 

zebra 

wildebeest 

s:r:stemic 

zebra 

wildebeest 

on capture 

8/-6 

8/0 

13/2 

30/-6 

98/15 

40/15 

98/40 

154/130 

98/65 

after 30 
min. 

8/-6 

8/0 

70/-6 

70/19 

130/110 

5 min. after 
infusion 

12/6 

f0/4 

12/-6 

70/-5 

48/3 

62/12 

45/28 

155/112 

105/70 

times taken for the catheterisation procedures. 

The rise .in pulmonary artery pressure is accompanied by 

a further fall in blood pH in zebra (Table 13) and a rapid 

deterioration of the clinical condition during the first 

60 minute period. !n some cases, recording was compli-

cated by bloat in the captured wildebeest. 
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Table 13: pH values in zebra and wildebeest after forced 
exercise (average of 19 animals). 

immed. after 30 min. later after half after all 
capturf;:! infusion infusion 

zebra 

6,77 6,69 7,13 7,29 

wildebeept 

6,9~ 7,18 7,58 7,62 

s 
X 

zebra 
0,18 0,13 0,11 0,12 
wildebeest 
0.11 0,02 0,03 0,03 

The changes that occur in right atrial pressure were more 

variable. Any rise in right atrial pressure, however, 

causes a rsd~ction in venous return. An increase in atrial 

pressure causes a back-loading effect on the systemic 

circulation distending the veins and other vessels rather 

than permitting this blood to flow to the heart. It is 

stated that if the right atrial pressure was to approach 

the mean systolic pressure the return of blood to the heart 

to the peripheral circulation approaches zero and the cardiac 

output becomes zero (Guyton 1966). This is, however, an 

understatement as the right atrial diastolic pressure needs, 

in f~ct, to increase only a few mm Hg to decrease the venous 

return and to cause back pressure on intestines, liver, 

abdominal and other organs. Such an increase in the venous 

pressure and in ~he diastolic atrial pressure was not recor-
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ded, although in the wildebeest the diastolic venous pre­

ssure on capture was recorded as several rom lower than in 

the pre-infusion animals. 

DISCUSSION 

IT may be postulated that the lung. a one of the target 

organs for stress in zebra, and possibly also ;i.n antelope 

such as wildebeest. It has been determined that the basic 

haemodynamic disturbances caused by. skress and hypotension 

differ among the various species. In the dog the intest­

ine appears to be the most sensit;i.ve_ organ, becoming engor­

ged with blood as a result of hypotension and shock; in 

man the most marked ch~nges appear in the kidneys, and in 

th,e rabbit it also appears that the lung is the primary 

target organ (Lillehei, Longerbeam and Bloch 1963). 

Changes in the lung occur also in dogs which, when deprived 

of normal oxygen tension during anaesthesia, exhibit an in­

creased pulmonary vascular resistance.which is associated 

with a decrease in cardiac output. -~The latter fell from 

2,45 litres per minute to 1,95 litras per minute, while the 

pulmonary artery pressure rose frG:>m 1.4 to 22,5 rom Hg 

(Barwinsky and Reyes 1966). When tl:ae dogs were treated 

with an alpha adrenergic blocker, no-rise in pulmonary 

vascular resistance or in pulmonary art.ery pressure occurred, 

suggesting that the increase in vascular resistance was med­

iated through alpha-adrenergic receptors. It was pointed 

out that the phenomenon was due to adrenergic discharge 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



155 

rather than any direct effect of oxygen lack (Barwinsky 

and Reyes 1966). 

Similarly, after capture, our animals showed normal bloqd 

P0
2 

and PC0
2 

levels (Chapter Four) .an.d. there is a consid­

erable drop in cardiac output under ... t:b.e c.o.nditions of stress 

during which the pulmonary artery pressures were monitored. 

Arteriospasm occurs in man as a reslll.t ,of massive adrenergic 

discharge. Normal values for cir.cu'la±ing catecholamines 

are less than one microgram per lit:ra~of blood volume~ 

These levels, which are not increased dUring the minor 

surgical procedures rise during·ra~~~- surgery, such as 

extra corporeal bypass, to values of,~~,to 30 pg/1 (Hammel­

berg, Sprouse, Mahoffay and Richardson 1960, Rosenburg, 

Lillehei, Longerbeam and Zimmerman L96.1, Indeglia, Levy, 

Lillehei, Tqdd and Lill~pei 1966). Adrenaline infusion 

at a rate sufficient to cause tachycardia and cardiac 

arrhythmias had only very minor influence on the pulmonary 

blood pressure in immobilised sable antelope. 

Further evidence may indicate that pulmonary vascular 

resistance is associated with sympa:t.h2tic discharge. Incre­

ased pulmonary vascular resistance ill. dogs induced by hypo­

thermia and cooling of the pulmonary ci.:roulation, could be 

largely abolished by alpha-blockade (St.ern and Braun 1970). 

Also pulmonary oedema (a constant major cause of death in 

the untreated zebra) was abolished by means of alpha block­

ade in man (Fromm and Wilson 1969). More recently, an incr-
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ease in pulmonary vascular resistance has been establishell 

as a repult of stimulation of the ppperthoracic chain }n 

Papio species using isolated lung lobes (de Burgh Daly, 

Ramsay and Waaler 1975). It was noted that the greater 

degree of anxiety and excitement of .. t.b.e. animals during 

capture and anaesthesia, the ·leps "tb.Ea.responsiveness of the 

pulmonary vascular bed to nerve stim11llmtiop, due apparently 

to the transmitter concerned which had.heen partially exha­

usted by the initial excitement of the animals. 

From the results of treatment with bicarbonate infusion, 

and the evidence citf=d above, it;. appe.;i:r:s p;robable that the 

rise in pulmonary artery pressure, reported here, is partly 

due to the action of low pH values. _,The fact, however, 

that the pulmonary artery pre9sure failed to return to the 

generally accepted normal levels after infusion suggests 

that the implication of another factor or factors, possibly is 

sympathetic in origin. 

SYSTEMIC BLOOD PRESSURE 

RESULTS AND DISCUSSION 

THE appreciable fall in the systemic blood pressure which 

was reported as occurring in the aniiT\alS captured in the 

Kruger National Park, ~as not seen to the same extent in 

the animals on the track at Percy Fyfe Nature Reserve. 

The fall in the systemic blood pressure occurs pari passu 
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with the rise in the pulmonary artery blood pressure. 

The caus~ of these phenomena may be.the following:-

(a) A damming back of the circulation due to 

pulmonary yasospasm resulting in· ·1:.educed ·perfusion and a 

lowered return of blood to the left h2art; 

(b) a right heart dilatation causi·ng a reduced 

cardiac output j,nto the pulmonary circulation. Note that 

a dilatation causes not only an incraaae in the residual 

blood in the ventricle and lowered suoke volume, but an 

incompetence in the valves resultiu~-~ back-flow of blood; 

(c) a peripheral vasodilatation and pooling of 

blood in the extremities and in the splanchnic area; 

(d) fall in the cardiac output per se , and 

(e) reduc~d venous return. 

Of these, (c) and (e) may be discounted. Venous pressures 

are normal and there is peripheral vasoconstriction rather 

than vasodilatation. A reduction in .circulating blood 

volume indicates sequestration of pax±.s of the circulation 

apparently due to constriction as a_~esult of sympathetic 

hypertonus. This state of affairs i.s. unaffected by infusion 

of ad:renaline but radically ch.;:inges after the administration 

of phenoxybenzamine hydrochloride (Chapter Eleven) . 

The mechanism mentioned under (a) and (b) may have relevance 

particularly in zebra. In these animals, considerable 

cardiac dilatation wap observed on auscultation. Dilatation 

especially of the right ~ide of the heart wa~ evident in 
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animals that died after capture. It is probable that pul-

monary vasospasm is directly responsible for a lowering of 

the lung perfusion and therefore a reduction of blood flow 

to the left heart (Chapter Five) . 

A fall in ca~diac output during the onset of capture stress 

has been estqblished. This is associated with tachycardia 

and signs of central deEression. This fall in cardiac 

output may be due indirectly to lack of pulmonary vascular 

perfusion as outlined above, or indirectly to lack of card­

iac contra9tility or the inotropic cardiac effect The 

cause of this is likely to be excess potassium (Chapter 

Thirteen) and the action of.the low blood pH on the cardiac 

musculature. The latter appears to be both a direct action 

on the cardiac muscle Ftnd has indirect actions via the car­

diac centres, and to the depression of calcium ions by 

circulating lactate. 

Six tsessebe bulls were measured at varying times after ex..­

ercise on the exercise track de~cribed in Chapter Two. 

All systemic blood pressures were high, ranging from 150/ 

100 to 170/100 with very little variation from animal to 

animal (Table 14). There was no statistically significant 

correlation between blood pressure and duration of handling 

after 9apture, in this experiment. 

Three separate correlation coefficients were calculated. 

The resu+ts were as follows: 

Minutes after exercise with systolic pressure: r; 0,02097 
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Table 14: Systemic blood pressure measurements on tsessebe 
after forced exercise, 

anima;L no. min. after exercise rom Hg 

1 40 160/95 

2 20 150/100 

3 24 170/100 

4 5 165/105 

5 11 155/90 

6 5 160/97 

average 160/98 

Minutes after exercise with diastolic pressure: r = -0,210~ 

Systolic pre?sure with diastolic pressure: r ~ 0,4147 

None of these results were statistically significant. The 

partiql correLation revealed the following: 

t = 0,4287 which was not significant. 
23 • 1 

From the above and from Table 14 little variation can be 

seen in systemic blood pressure. As can be expected there 

is some correlation between diastolic and systolic blood 

pressure after exercise, but the fluctuations are too large 

for any significance. 

The infusion of bicarbonate in the zebra and wildebeest is 

effect.i,ve in restoring the systemic blood pressure virtua-

lly to near normal levels. It may be noted that the pulm-

onary artery blood pressure is not completely restored to 
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normal levels by this treatment and it has been po~tulated 

(see previous section in this chapter) that a part of the 

raised pulmonary artery pressure is due to the direct e~fect 

of the high level of hydrogen ions and partly due to sym­

pathetic discharge acting in alpha receptors. It is likely, 

however, that any residual restriction of blood flow due to 

the latter, is insufficent to affect the cardiac output. 
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CHAPTER SEVEN 

BODY TEMPERATURE AND VENTILATION 

BODY TEMPERATURE 

MATERIALS AND METHODS 

BODY temperature was tak~n by a standard clinical thermo­

meter .i,nserted ~ompletely into the rectum of zebra and 

ant~lope over one minute at regular intervals of 30 m,in1,1tes, 

Where cardiac Olltput measurements were made, the temperature 

o/aS also taken inside the pulmonary artery po measuring 

the temperature of the mixed venous blood from the entire 

body and therefore the central or core temperature w~ich 

has been shown to bear a constant relationship to t;.he rectal 

temperature (Bligh and Harthoorn 196:i) • 

Rectal temperature was taken routinely .in all test animals. 

Records of particular interest were those taken in six 

tsessebe and eight eland immediately after exercise and 

eve::.y 10 minutes, and in 18 blesbok after .runs of different 

lengths. 

The object of the temperature measurements was to determine 

whether t:here was validity .in t_he theory of malignant hyper­

thermia as a factor in capture myopathy, as suggested (in 

discussion) at the 1973 South African Veterinary Association 

161 
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congress. 

RESULTS 

IN blue wildebeest the body temperature t.l1owed a fall wh.Lch 

cQm~enced immediately after capture andcontinued throughout 

the time of the experiment (Fig. 43). 

41 

4 
., 
1,' 

0 20 40 60 

+ t'il: •.• Jo'l 
minutes after capture 

Figure 43: Body temperature of wildebeest after capture. 

Zebra showed a rise in body temperature during the f~rst 

30 o~ 40 minu~es after c~~t~re (Fig. 44 shows the average 

of eight animals), The temperature 1n zebra may have been in£-

luenced by seve~al possibil~tJes: 

(a) The necessity to t.te the mouth of the ZIE)bra 

and therefore causing a certain amount of interference with 

breathing; 
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"c 

40 

39 

10 30 50 
1 infusion 

minutes after capture 

Figure 44: Body te:{Ilperature in zebra after captu;re. 

(b) the ~eliance of the zebra on sweating 

rather than on pantingi-

(c) interference with the sweating mecl}anisrn 

while the animal lay in lateral recumbency on a plastic 

sheet; 

(d) the possibility that sweating is in some 

,::ircumstances at least, a less eff1cient cooling mechan­

ism than that of panting, and 

(e) that the t~hermoregulation of the wildebeest 

is better developed than that of the zebra. 

The t~rnperature ~ise recorded in zebra is small, bafely 

exceeding 40 °C and l~ss than 1° above capture levels. 
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More p~rtinently, in the context of possible malignant 

hyperthermia, the temperature in all animals fell to appro­

ximately normal levels at 60 to 90 min. after capture. 

Conversely, one of the sable infused with ~drenaline show-

ed a persistent rise in body temperature is Sl:J.L+-e of wetting 

the body surfa~e and ventilation by an electric fan held 

about one metre from t.he animal. 

Eland body temperatures rose significantly within 30 minutes 

after exercise as did the zebra, but rarely exceeded 41 qc • 

.A straigh.forward correlation coefficient was CG~,lculated for 

the set of values immediat~ly after exercise and the set of 

peak values within 30 minutes. 

follows: r = 0,7444** (n = 8). 

The coefficient was as 

The t-test for th~ paired observations as detailed in Table 

15 was made and the result was t 7 = 4,610***. There was 

a high degree of significant difference between·values 

after exercise and peak values withi~ 30 minutes. The 

temperature rpse significantly after exercise in all cases, 

and t.here was a highly significant positive correlation 

between both sets of values. 

A correlation was calculated between the body temperature 

values in tsessebe and the d1stance they ran. The result 

was as follows: 

r = -0,6386* (one-sided) (n = 6) 

There was a reasonable degree of significanpe in the corr-
' 
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Table 15: Body temperature ip elc.nd after ;forced exercise. 

eland no.+ 1 3 4 6 7 8 9 10 

immed. after 
chase ( OC) 40,7 39,6 39,9 39,5 37,2 38,9 38,6 38,2 

pec;tk value 
( o C) 41,6 40,1 40,3 40.,0 39r4 40 1 S 40,1 40,4 

average: immed. after - 39,08, perak value - 40,3 

elation of these two factors. The negative correlation 

showed that the body temperature was lower in those animals 

that had run the furthest (Table 16). 

Table 16: Body temperature in tsessebe compq.red to distance 
chased. 

animal. no. distance run body temperature 
(km) ( o C) 

l 1,875 40,6 

2 2,0 40,7 

3 1,875 43,0 

4 1,750 42,7 

5 2,0 40,3 

6 2 ·' 0 41,7 

There was scant evidence of the occurrence of a sustained 

temperature rise or of malignant hyperthermia in animals 

that were not im:mobilised. 
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DISCUSSION 

IT has been pointed out (Nahas, L~gou and Mehlman 1960) 

that hypercarbia ~s a potent stimulus for catecholamine 

release from the adrenal medulla and the ext~amedulla~y 

chroma,ffin tissue. The rise in body tempera'l;:u.L·e is 

ascribed to metabolic changes and the rapid utilisatiqn 

of muscle glycogen (Hall, Lucke and Lister 1975). On 

166 

the other nand, tqe porcine malignant hype~thermia syndrome 

could be controlled wit~ alpha-blockade (Lister, Ha~l qnd 

Lucke 1975) although the sable showed similar risep in 

body temperature ~hen adrenaline was infused with and with­

out the al~ha-adrenergic blocker phenoxybenzamine hydrochlo­

ride. 

Conv~rsely, Lister et aZ (1975) point out that once the in­

itial muscle stimulation reaction is establishep., it .ts 

almost impossible to create the neces9ary degree of alpha­

block in the presence of the con~entrations qf adrenaline, 

the agonist responsible for the mobilisation of energy 

substrate. 

Intensive muscle tension was observed in the sable duri:p.g 

incomplete J..mmobilisation and this was independent of the 

infu~ion. And the rise in body temperature commenced 

without the addition of exoge!)ot;ts adrenaline. We may 

~herefore have the possibility of a malignant hyperthermia­

type syndrome in some of the more nervous species of ani­

mals such as saple, under conditions of chemical or even 

manual restraint. 
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The role of elevated body temperature as a possible lethal 

factor in animals qhased over long-distances (e.g. exceed­

ing 30 miles in Rhodesia .... Garstangt. pers. comm.) has yet 

to be investigated. These animals survived, however, 

while the same species (tsesseb~) chased 0nly a short dis-

tance to permit remote injection from a helicOt-''i:er, suff­

ered h~gh or total mortality from capture myopathy- (Young tt, 

pers. comm.). 

The f~nding that the tsessebe show~d a lower body tempera-

ture when the distance run was longer compares with the 

results of the blocd hydrogen ion estimation which was also 

found to be lower in animals that had run a longer distance. 

This may be due to one or more of thre~ factors:-

(a) The animals become tired and are seen not 

to exert th~mselves to the same extent as in the early stages 

of the chase. 

(b) The number of muscles used are reduced while 

t h.e an~mals are observed to run approximately in a straight 

line: instead of leaping, turning and twisting as commonly 

occurs during the early stages~ and 

(c) glycogen stores in the body will have been 

reduced" 

t R. Garstang, Mammal Reseer:::-h Institute. University of Pretoria. 

ttE. Young, formerly State Veterinarian. Skukuza, presently Transvaal 
mvision of 1\' ature Conservation. 
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The latter may be of particular importance in relation to 

both a fall in pH and a rise in body temperature. It has 

been pointed out (Hall et aZ 1975) that both the rise in 

temperature and the fall in pH are due to the rapid utili-

sation of glycogen stores as a result of ~assive adrenaline 

secretion. Also thab.~the damage to the muscJ.c (meat) in 

slaughtered pigs is due to the interaction of a high body 

temperature and acidity (Lister 1975). 

The results suggest that animals should theoretically be 

captured only after a prolonged, less intensechase which is 

sufficient to tire and use up glycogen stores without cau-

sing straj_n, intravascular haemolysis, sympathetic hyper-

tonus or excessive hypo~aemia. 

This is not easy to accomplish but it has been done during 

the capture of zebra herds which were driven for distances 

of some 30 kilometres by helicopter at a fast trot or a 

slow canter with regular stops for twenty miputes or so 

during which the helicopter was grounded (Timbavati Nature 

Reserve - own records). 

VENTI~ATION 

THE .r~spirations of animals at the time of capture are us-

usally deep and relatively slow. More rapid and shallow 
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respiratqry movements tended to develop only lat~r dur}ng 

the period after exercise. The deep respirations coincide 

with a low oxygen content of the central blood and a higl)er 

level of C0 2 • During this time the body temperature tended 

to rise. 

As the blood P0 2 level i:p.areased and the PC0
2 

level de­

creased, there was a shift toward the more rapid and shall­

ow pant-ing wnich marked the beginning of a fall in body 

temperature. This respiratory pattern may therefore be 

referred to ~s thermal panting, and resulted in depressed 

P0 2 and raised central PC0 2 values. 

These two periods of respiration were associated with diff­

erent patte:r;ns in the system:j..c blood pressure. 

PH 

A third period of respiration developed about half to one 

hour after capture characterised by forced respiration or 

dyspnoea. Tltis was characteristic of those animals who 

were unable to raise the pH of the central blood after 

capture and when the blood pH levels fell in spite of 

respiratory efforts. 

RESPIRATORY FuNcTIONs 

RESPIRATION in animals atter forced exercise carries out 

three important functions. These q.re: 
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(~) To restore the bl9od gas pressure to normal 

(b) to restore the acid-base balance, and 

(c) to restore normal body temperature. 

Functions (a) and (b)· are ve:ry similar and re.l.:z' on an ade­

quate gaseous exchange between body and atmosphere. The 

most efficient method of breathing is therefore adopted, 

i.e. d~ep inspirations that make maximum use of the lung 

9apacity, and reduce the anatomical dead-space to a com­

parative minimum. Fur~ction (c) by comparison, relied on 

a maximum Ul:\e of dead-spaqe without overventilation and 

thereby without indqcing ~ hypo9apnoea. 

Greater fluctuation in blood pressure (and probably ~lso 

the cardiac output) occurs during the phases (a) and (b) 

than phase (o). This is perhaps not unexpected in relation 

to the greater fluctuation of positive and negative pressure 

in the thor~x during the former phases. 

Since we are greatly concerned with changes in resistance 

of the pulmonary vasoula,r bed, b<!:>th as a symptom of incipient 

capture shock and as a possible factor in its precipitation, 

the observed phenomena may bear closer analysis. 

CARDIAC EFFECTS 

LEFT ventricular output or aortic ejection has been variously 

'described to remain the sqme or to de9rease during inspiration. 
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Thip apparent discrepanc¥ may be due to the delicate balance 

that must exist between left ventricular filling by plood 

from the pulmonary vascular bed, and left ventricular out­

flow impedence. Both these factors are liable to indivi­

dual variation and in increased pulmonary vascular resist­

ance and in dyppnoea, and va~ying degrees of ajrway obstr­

uction which a+e virtually inseparable from norma~ restraint 

of hoofed animals, but particularly of zebra - which are 

devoid of horns and liable to inflict severe bites, qoth 

necessitating a firm hold of the snout. 

BLOOD PRFSSURE 

TH~RE was a fall in systemic blood pressure during the 

time of increase in resistance of the pulmonary vascular bed 

(as estimated frpm the increase in pulmonary arteria~ pres-

sure) . This is assumed to be due a pPiori to a a lowered 

left ventricular filling, rather than to a left heart failure 

as such, although a reduction of left heart output fro~ re­

duced contractile power may be postulated in the pH range 

at which we were working; left heart back pressure into the 

lung may cause lung oedema, irrespective of a rise in pul­

monary vascular resistance. 

It must be assumed that over any given period and during 

a steady state, the amount of blood entering the lungs and 

the output of th~ left heant are equal. 

Ther~ are of course the two subsidiary circulat~ons, i.e. 
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the bronchial circulation ancl. the coronary flow. These 

two circulat~ons are, however, small and tend to stabilise 

each other during the phases of the cardiq.c cycle, the co­

ronary flow occurring at diastole and that of the bronqhial 

flow durtng systole. 

OTHER FACTORS 

WE therefore have a number of intere9ting and possibly 

conflicting factors affecting the respiration and the 

blood pressure. The stimul:j.. to respiration are derived 

from m~tabolic factors and from body temperature. Addi­

tiqnal f~ctors ~re blood pressure and sympathetic discharge. 

Blood pressures are influenced by resistance of the pulmo­

nary vascular bed, by the degree of left ventriculp.r f!Llling, 

and by the viab~lity of the ventricular musculat~re, and 

therefore the cardiac o~tput is a result of metabolic fac­

tors including low blood pH, possible reduction in plasma 

calcium ions, and inqrease in circulating potassium. Other 

factors such as histamine r~lease, angiotensins, and dila­

tation of the visceral vascular bed cannot be excluded. 

EXERCISE 

A significapt correlation was calculated between respiratory 

rates and t~e speed of chase of tsessebe. The coefficient 

is r ~ 0,9739**(one-sided) or *(two-sided) (n = ~), so 

that as the animal is chased at greater speed, the ~aster 

will be its respiratory rate after exercise. 
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The lac~ of clear effects ~ssociated with r~duced circula-

ting oxygen are surprising.i.n. that the animals must be run-

nin<J ~t a pace cons~derabJ.¥.exceeding the V0 2 max.:LmUIJl 

(Pugh 1974). This may, however, be ascribed la~gely to the 

interval that elapses between.the capture and the taking of 

central blood $amples. I~ should also be not0d that in 

ma~y cases the capillary blood showed a lower 0 ten~iop 
2 

than that of t~e arterial ~lood, suggesting that at least 

parts and a probably large proportion of the circulation 

was excluded from the central blood flow, presumably to 

augment cerebral blood P0
2 

levels. 

It Itas been nqted (Pugh 1974) that the effort expended by 

a leading cycli?t as a result of wind resistance is 

considerably ~reater than that of the rest of the group 

travelling pepind. It is not impossible that this also 

applies to groqps of anima~s, not only in relation to wind 

resistance, but also resistance of high vegetation or grass. 

Also the postures of cyclists are relatively static in co-

mparisQn to 01,1r animals which have to jump continually over 

vegetation. The resistance of the vegetation itself, has 

to be taken i~to account together with the type of ground 

(e.g .. soft sand) . Note that the cycling experiment was 

performed on a disused air :r;unway and the bicycle tyre 

pressu~es were up tQ 100 lbs per square inch (5,6 to 7,0 

kg/cro2 ). We note also that squat jumps in marine recruits 

are more l~kely than other exercises to result in the lib-

eration of haemin or porphin pi9ments (Chapter Nine). This 

may have relevance to the liberation of pigments after a 
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chase involving unusual leaping over vegetation and heavy 

exercise of muscles normally only slightly used. 

The utilisation and therefore the needed intake of oxygen 

rises steeply in relation.._.to .. _t.be speed ar:d typ(e of exercise. 

The need for oxygen does not :rise exponential.i:r with the 

need for exercise, but geometrically in relation to incr-

eased muscle tension. Furthermore, under maximum exercise 

there is p. greatly increas.ed l.iberation of muscle glycogen 

together with the involvem~nt of so-called fast-twitch 

muscle fibres requiring greater quantities of oxygen for 

its combustion with a tendency to the formation of excess­

ive quant.i ties of lactic acid due to anaerobic glycolysis 

(Gollnick, Piehl and Saltin 1974). The massive utilisa-

tion of muscle glycogen is more apt to occur in untrained 

animals. It may be interesting to note that a speed of 

40 km/h at which the oxygen consumption rose to over 100 

percent (in the cycle experiment cited above) is also the 

speed obtained by antelope and zebra subjected to capture 

in the wild. 
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CHAPTER EIGHT 

HAEMATOCRIT 

INTRODUCTION 

THE haematocrit or packed-cell volume is a simple and 

valua~le technique to give approximate indication of sev-

eral factors such aq haemoconcentration. It does not 

indicate the mass of red cells, but is the volume of ery-

throcytes expressed as a percentage of the whole b;I.ood of 

a given samp:j..e. 

MATERIALS AND METHODS 

CARE has been taken that the cond~tions obtaining during 

the centrifugation of a number of samples was constant. 

Normally, 2 500 r~volut~ons per minute for 30 minutes or 

10 000 for 10 minutes was taken as providing the force re-

quired for inr;lucing rapid settling of the erythrocytes. 

Heparin has been used as anti-coagulant to avoid shrinking 

of the cells and thus gJve a ~ow reading. Rapid sedimen-

tation of the erythrocytes can cause further errors and the 

syringe ot blood was therefore thoroughly mixed. During 

early work and during the slower centrifugation, the haema-

tocrit t~bes were capped to prevent evaporation during the 

30 minutes requireq for complete centrifugation. Later, 

175 
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rapid centrifugation of multiple capillary tubes was used 

as the method. To permit valid comparisons to be made, 

blood for haematocrit· studies was drawn from animals in the 

same physiological state, i.e.·immobilised or manually re­

strained, tame or wild, a~ the hae~atocrit is readily rai­

sed during stages of excitement and reduced L~' drugs caus­

ing splenic e.rtlargement. 

The clinical state of the animals was assessed in the int-

erp~etation of the haematocrit. Shock, even that occurr-

ing after haemorrhage, may give an increased haematocrit 

and in other forms of shock the haematocrit tends to be 

substantially increased. The haematocrit has been shown 

to be high in conditio~s of adrenergic discharge. Also 

in stasis o~ blood from the use of tourniquets, in anhydr­

aemia and dehyd~ation. It is accepted as being low in 

certain hydrae~ic states such as those found in pregnancy, 

although the total mass of red blood cells is in fact normal. 

A rise in haematocrit in progressive samples taken by stan­

dard means in an animal is a valuable indication of loss 

of fluid from the circulation, This occurs in conditions 

of sequestration of blo9d with resultant capillary damage, 

in tissue damage, in reduced blood and perfusion pressure, 

and any qondition in which plasma is lost from the circulat­

ion. 

A total of 2 342 haeroatocrits has been taken fro~ zebra, 

wildebeest, sable, eland, tsessebe and black wildebeest. 
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In general the findingp are that: 

(a) ReguZ.a,xl s..am:p~ing to~ haematocri ts f;rom tamed 

animals un~er standard condi±ions is a useful indication of 

the generpl nutritive co~dit+on; 

(b) sporadic ~ling from nervous or wild ani­

mals gives wiQ.ely fluct,uat.i..ng results; 

(c) no oomparison.can be-made among animals 

samp~ed under differing conditions such as manual restrai­

nt and iromobilisat~on, apd_.,,. 

(d) sampling at xegular intervals from stressed 

or immobilised animals gives a valuable clinical picture 

of the circulatory state. 

A rise in the h~ematoqrit is associated with a reduced 

circ~latory blood volume and, together with blood volume 

measurements, indicates conditions that either determine 

OE soon lead to irreversible circulating derangement. A 

raised haematocrit in itself indicates greater blood vis­

cosity and th~refore increased circulation time. If the 

blood, taken from the peripheral circulation, shows the 

haematocrit to be exces~ively raised it indicates peripher­

al circu~atory failur~ and loss o£ plasma into the intra~ 

cel~ula~ spaces. Among the stressed animals tested, many 

showed a rise in haematocrit values indicating at ~east 

the commencement of circulatory failure, hypotension, cap­

illary damage, increased vascular permeability and shock. 
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RESULTS 

ZEBRA 

HAEMATOCRITS taken throughout the period after capture and 

infusion indicate certain interesting trends. ·rhese are 

as follows:-

(a) The haemato.cr;i t fell soon after capture 

presumably during dissipation of the·intense adrenergic 

discharge resulting from the action of capture. The hae .... 

matocrit continued to fall quring the ensuing interval uP 

to the time of infusion. T~is was the time when the clin-

ical condition of the animal and the various physiological 

parameters indicated a general deterioration of the apimal's 

condition, as evinced by blood pressure, heart rate, etc. 

(b) Immediately after infusion, the haem~tocrit 

level fell to about 10 percent of the previous value. This 

is to be ex.J?~Cted from the infusion of one litre into animals 

weighing 400 to 250 kg with a blood volume of some 20 1itres, 

approximately half of which is composed of blood cells. 

(q) Shortly after infusion the haematocrit rose. 

The fact that this was accompanied by a fall in blood PQ 2 

levels and a rise in blood PC0 2 levels suggests that this 

:rise was due to a return of red blood cells to the circula-
' 

tion ~Fig. 45) • 

(d) More light may be thrown on this question by 

the measurement of blood volume, but which has not yet been 

carried out on a routine basis. There are indications, 

however, tha~ the fluctuations of the haematocrit are corr-
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r'ig\lre 45: Mean values of haernatocri ts of three ~ebra after 
cq:pture. 

-~-~at::ed with restriction in the circulating blood volume. 

(e) Low pH, P0
2 

and high PC0
2 

values in capillary 

!::d.•Jod samples during the interval prior to infusion as 

•.:~,mpared to those of venous blood similarly support the 

~oncept of sequestrated red blood cells (see also Fig. 29 

ctr;d 53). 

SABLE 

)ABLE bulls irnrnobilised with fentanyl, xylazine and azap-

erone sho~ed up to a 32 percent change in the haematocrit 

values be~ween the first sampling and several hours later 

(Fig. 46) • This change is ascribed mainly to a rise during 

Lnduction due to splenic contraction following adrenergic 
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F~gure 46: Haematocrit values in nine sable bulls ~ 
shaded area bound by extreme values. 
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discharge. Figure 46 shows a narrow range of fall in 

haematocrit values in all ~nimals approximately one hour 

after tne first sampling;. the subsequent differences are 

at lea~t in part d~e to different forms of treatment. 

The difference at one .ho_ur: .. represents 20 percent of the 

first value. Adrenaline infusion into the in~obilised 

animals did not return the haematocrit value to the orig-

inal l.evel. 

A difference (fall) of 32 percent in the haematocrit 

value ~nd an average of 20 percent in all animals shortly 

after immobilisation suggests a considerabl-e error may 

obtain solely due to the timing of sampling. The plasma 

protein of these animals remained constant, indicating 
I 

that no ~hange in the plapma volume or blood dilution 

accounted io~ these figures other than the proportion of 

red cells. 

The correlation between the haematocrit values and time 

after immobilisation was r = 0,97226*** (n = 8). The 

regression line was calculated from the equations 

x' ~ 7,005y - 8,308 andy' = 0,135x + 2,04 and the signifi-

cance of the steepness of the slope was determined as 

t6 = 11,7612~***. 

There is a signific;ant drop in haematocrit values in sablEV 

over a period of 200 minutes, although not all the animals 

were measured over this whole period. Values depicted here 

are percentages of starting values (Fig. 47). 
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Figure 47: Regression Curve plotted over haematocrit 
values in eight sable antelope after iw~ob­
ilisation. 
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ELAND 

REGULAR sampling of se~i-tame eland brought from S.A. Lorn-

bard Nature Reserve to Percy Fyfe Nature Reserve provided 

a valuable indication of the nutritional state {Fig. 48). 

% 

50 -

40 -

30 

I 1 I I 

20 40 60 80 
transport 

days after transport 

Figure 4~: Haematocrit values in eland transported from 
S.A. Lombard Nature Reserve to Percy Fyfe 
Nature Reserve (average of 10 animals). 

Here, however, an overall fall in the haematocrit values 

due to the stress of capture with subsequent recovery 
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cannot be ruled out at t~is stage. Moreover, a copper 

deficiency at the S.A. ~ombard Nature Reserve has been 

established since conductin<J these experiments (Chapter 

Fourteen) • 

Becau~e on~y four me~stirements were taken befcre trans-

portatiorr,· comparison could only be made ·of the values 

before and·· after transport in four animals. The valu~s 

before transport were compareq to the average values over 

' ' a period of two-and-a .... half months pecause the regression 

was co~stant for the Pe+cy Fyfe values (see below) . The 

regression equation is y' = 0,0505x + 46,0362 (Fig. 20). 

This slop~ was calculated to be not significantly differe-

n~ f~om zero (n = 7). Using the t-test for paired o~s-

e+vations tne difference between before and average value~ 

after transportation was t
3 

= 4,192** (n = 4), while the 

Wilcoxon signed rank test on the same results gave T(P,N) 

= 0, T(N,N) = 10* (note the difference in significance). 

There is a significant difference between the values obta-

ined at Percy Fyfe. The values at Percy Fyfe can be re-

garded as constant, as the regression was not significant. 

This was also, therefore, a good motivation for using the 

average of all values after transportation for comparison 

with the one set of values before transport. 

Cqmparis9ns were also mad~ of haematocrits before qnd 

immediately after exercise, as well as the same values 

before exercise compared with the peaked values after. 
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The t-test for paired obse~vptions were first made a$ foll-

ows: 

befo;re and immediately~.after: t
7 

= 2,986** (n = 8) 

before and peaked value after:t
7 

= 5,274***(n = 8) 

As a positive cor~~lation ap~eared to be evident (Table 

17}, a straightforward correlation coefficient was cal~ 

culated, which resu~ted as follows: 

before with immediately after: r = 0,9049*** (n = 8) 

before w~th peaked valtie after: r = 0,9323*** (n = 8) 

Table 1?; aaematocrit values in eland before ch~se, immed ... 
iately afterwards and peaked values within thirty 
minutes. 

animal no.+ 1 3 4 6 7 8 9 10 

before 
chase <%) 50 48 48 50 56 50 54 48 

immed. 
after <%> 52 49 48 54 56 52 55 49 

pea~ 
val e <%) 53 52 48 54 60 52 56 50 

averages: before - 50,5, after - 51,88, peak - 53,13 

There was a significant rise in haematocrit val~es after 

exercise, with a high positive correlation. Note that the 

values immediately after exercise were significantly high 

as well as the peaked values measured within 30 minutes 

after exercise. 
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DISCUSSION 

HAEMATOCRIT leVels in a number of animals have been descri­

bed here. In zebra the~e .is a considerable fall in the 

first hour q.fter capture, and similarly in i.mmobilised 

sable. This compa.res well with results obtained by Hof-

meyr, Louw and du J?reez (1973) who showed a fall in haema-

tocrit values in capture~ zebra. Mountain zebra that 

were shot and plains zebra immobilised after chasing com-

9ared to undisturbed immobilised plains zebra, showed a 

fall in haematocrit in the chased as well as the standing 

animals with higher values and a greater fall in the chased 

animals. 

A lead as to the value of haematocrits and their essential 

stability may be gleaned from work on domestic animals. 

In horses, changes in the haematocrit may be induced by 

gentle slapping. The difference between samples taken 

before and 30 seconds after slapping may be from 44 to 

47, i.e. 6 percent (Azzie 1976). Furthermore, there is 

a difference of 5 to 7 percent in young as compared to old 

animals and in young females as compared to young males. 

Moreover, stress conditions may induce an 8 percent diff­

erence in the haematocrit in under two weeks, and good 

feeding an 8 percent increase to a value of over 50 percent 

(Azzie 1976). 

Sporadic tests have been made to check the validity of the 

haematocrit values. These tests were the following: 
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(a) Bilirubin tests for cases of rapid dest­

ruction of red cells; 

(b) haemoglobin estlmatJon, and 

(c) mean corpuscular volume, and red blood 

cell count, and examination of blood smears. 

In general, haematocrit values have given useful infor~a­

tion only for the following; 

(a) Oef~ciency in trace elements in tamed 

animals that could be sampled regularly; 

(b) capillary haematocrits as indicators 

of circulatory derange~ent, ~nd 

(c) regular samples in restrained animals, 

preferably from central blood, to indicate a trend such 

as progressive haemoconcentration. 

S~oradic haematocrits taken from immob~lised animals 

should be interpreted with care, and the same must apply 

to animals that have been shot, especially when shot 

through the neck, in which case clinical death follows 

asphyxiation and massive adrenaline dischargeo It is 

c h~d.r t.hat the greatest care must be taken to avoid errors 

fr:.Jm comparison of tame with wild animals, irrunobilised 

wi~h shot animals and so forth. 
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CHAPTER NINE 

MYOGLOBIN AND~ HAEMOGLOBIN 

INTRODUCTION 

IT was pointed out in Chapter Four that although the high­

~st hydrogen-ion concentrations were found in those ~nima­

ls chased the shortest distance, haemolysis was more evi­

dent in thope that had covered the largest number of kilo-

metres. Here we have, therefore, two graph lines that 

cross, namely that of hydrogen ion concentration falling 

as exh(;l.u~tion occurs with distance, and that of haemolysis 

risingi It seems likely, therefore, that the haemolysis 

factor plays a part in the sub-acute or 1ndefinite phase 

of capture myopathy. 

Analysis of blood has indicated that the discolouration 

of the blood is in fact not due only to myoglobin as usually 

surmised, but to a mixture of myoglobin and haemoglobin. 

We may presume, therefore, that the coffee-coloured urine 

(referred to as myoglobinuria - Basson and Hofmeyr 1973) 

is at least to a certain e.xt.ent" a mixture of myoglobl.n and 

of haemoglobin deri vat;l ves . ., It seems likely that the urine 

voioed after captu:re is first :red due to myoglobin excretion 

and later brown due to excretion of degeneration products of 

haemoglobin pigments. Myoglobin is excreted more rapidly 

as it has a far smaller molecule than that of haemoglobin 

188 
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(Molec~lar weight of myoglobin= 17 000 as compared to 68 

000 of haemoglobin) , but the difference in excretion is 

perhaps not important, apd difficult to establish due to 

t~e proqlem of obtainin~ urine from captive wild animals. 

AssociATED WoRK 

DISORDERS. !NVOLVlN~·· MYOGLOB1 N'UR I A 

HAFF DISE.ASE 

This cqn~it~on takes its name from the first reported 

instance wnich occurred at the Koenigsberg Haff in East 

Prussia. +t is also called myoglobinuria paroxysma).is; 

~bo~t 1 000 ca~es occurred. The condition is characteri-

sed bY extreme muscle pain causing the patients to scream 

at tpe s~ightest movement. The muscles are hard, contra, 

cted, and respiration is difficult due to pain 1n the res­

piratory muscles. The patient is unable to urinate at first 

and When renal +unction is re-established the urine is of 

a. brownish-blackish colour (Berlin 1948) c The urine dis­

colouration was stated to be due to myoglobin, although 

some red cells were found in the sediment. Haemoglobin-

qemia was not reported, but. the finding of immature red 

c~ll forms suggests red cell destruction. The disease 

ran its course in two to three days" 

The mort<11lity rate was only one percent, deaths being due 

to renal complications following uraemia. The blocking of 

the renal tubules with ftlyoglobin casts was stated to be the 

most dreaded complication (Berlin 1948). The condition 
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was associated with poisoning, and fish, seabirds, foxes 

and cats were found dead about- that time. 

A later series of cases occurring in Sweden resulted in 

two persons p.ying of 11 aff~cted. The disease was diag-

noseQ. primarily in all cases as nephritis. No myoglobin 
I 

was found in the serum. 

'MARCij'HAEMOGLOBINU~ 

This occurs as a result-,.,of _unaccustomed exercise and if:i 

stated to be similiitr. tE9- the condition·seen in· horses under 

the same circumstances. Characteristic was dark coloured 

urine and painfully swollen muscles (Stahl 1957) • All 

cases reported were associated with unusual exercise and 

all recovered. 

·rhe cases were compared to paroxysmal haemoglobinuria from 

•::hLlling, paroxysmal nocturnal haemoglobinuria in chronic 

haemolytic .;::tnaemia, sensitivity to certain plant products 

(favism) , paralytic haemoglobinuria (myoglobinuria) and 

toxic haemoglobinuria due to severe poisoning or incompa-

tible infusions. 

A case of idiopathic myoglobinuria in a negro female was 

repqrted (Whisnant Jr~, Owings, Cantrell and Cooper 1959). 

It was noted that the patient was severely oliguric. 

Potassium intoxication became evident on the second hospital 

day, and was brought under control by peritoneal dialysis. 

A normal serum potassium was then maintained witrr cation 
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exchange ~esin. Diuresis only occurred on the 14th hospit­

q.l day. A :renal biopsy ... performed on the 21st hospital day 

confirmed the diagnosis o:f acute tubular necrosis, Charac-

teristic of this condi.tion was stated to be muscle pain, 

loss of strength, and sometimes paralysis mainly of the legs, 

but the upper extremities, tongue, jaws ano intercostal mus­

cles may be affected. Acute renal insufficiency developed 

wi·thout any obvious cause. When tubular necrosis is pre,... 

sent to a degree that a lower nephron syndrome is produced, 

red blood c~lls are also found in the urine" It was stated 

that a positive diagnosis of primary myoglobinuria depends 

upon the positive identification of pigment in the urine. 

It has been pointed out that gross myoglobinuria occurs 

when large amounts of muscle tissues are destroyed (estim­

ated 200 grams in the adult - Berenbaum, Birch and Moreland 

1955). It is suggested that some of the products of muscle 

bre~kdown are toxic to the body and creatine, uroporphyrin 

and haematin should be present, although not in sufficient 

amounts to cause toxicity. 

It was confirmed that deaths from this condition are due to 

acute uraemia and that the renal lesion responsible is acute 

tnbula,r necrosis, i.e. lower nephron necrosis (Bywaters and 

~\ible 1943). In a proportion :>f cases no frank renal insu ... 

ffiaJency is noted but renal clearance of para-aminohippuric 

acid is impaired. 
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CoMPLICATING AND PREDISPOSING FAcTORS 

IT i~ 9lear that renal damage does not always occur in 

these conditions. Flink. (1947) injected large quanti~ies 

of haemoglobin into dogso .. { 4 to 6 grams per kg) and obtained 

re11ral damage only tf t.h.e. plasma·concentrat.ion rose to above 

2, 2 grams·· per 100 ml. Only then did azotae.""ia, albumin-

urea and cast formation occur. Haematin, however, when 

given in doses of 237 mg/kg proved toxic to the tubules. 

Whisnapt Jr. et al (1959) point out that the state of hydp 

ration, allergic reactions and increased sympathetic acti­

vity which may result in renal vasoconstriction and a re­

duction in glomerular filtration rate are important. In 

every case where a marked reduction of filtration rate was 

produced d~ring injection of haemoglobin or myoglobin, le­

sions of tubulorrhexis developed (Smith 1951). 

T'f\e involvement of several differing mechanisms in impair­

ment of urinq.ry excretory function after injury has been 

cqn:f;irmed by Bywaters and Popjak (1942). Renal failure 

tended to follow conditions such as oligaemic shock, hae­

morrha~e, dehydration and electrolyte loss, pericardial 

tamponade and vascular stasis. The examples given were 

cri.lshi.ng inj 1,1.ry, burns, traumatic liver necrosis, and int­

ravp.scular haemolysis. 

In these types of conditions, blood urea rises rapidly 

from 40 to eo mg% and in crushing .injury to 400 mg%. A 

toxic ischa~mia was postulated, or ol~guria following a 
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system~c blood pressure insufficient for renal filtration 

and, l;!lood flow. 

SURGICAL EVJDENCE 

AN in~ication of th~ m~dus ()p~randi regarding b~.- +:h the liber­

ation of myoglobin and the effect on the kidney is gained 

from s-qrgically induced myoglobinuria after acute arterial 

occlusion (~orowit~, Javid and Zuber 1960). A patient 

undergoing an operation for a clot in the right iliac 

artery occurring after a previous operation for resection 

of the colon, developed myoglobinuria. The myoglobinuria 

developed shortly after the second operation together with 

anuria. The GOT was 655 mU/ml, blood urea nitrogen 280 

mg/100 rn{, potassium 4,5 m-equiv./1. The muscles in the 

oqcluded leg showe<jl a loss of striation and of sarcoleJ;lllflal 

nuclei with oedema of the muscle fibres. The kidney 

showed wide-spread tubular necrosis with desquamation of 

the cells in the distal convoluted tubules and to a greater 

extent. in the proximal convoluted tubules. 

A similar case also underwent left-sided iliac embolectomy. 

The leg showed intense arterial spasm and interstitial oedema. 

Dark brown urine was voided although the plasma was free of 

haemolysis. The GOT was 760 mU/ml and blood urea nitrogen 

did not rise significantly. The leg was removed. Muscle 

showed patchy areas of ischaemic muscle necrosis with regen­

eration. Microscopic findings were basophylia of the sarco­

plasm, vacuolisation of individual fibres, loss of fibrillary 

structure, oedema and clumping of the sarcoplasm, marked 
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sarcolemmal proliferation, focal collections of round cells 

and haemorrhage. It seems likely that the muscle ischaemia 

initiate$ the release of:myoglobin from the muscle. Spon­

taneous myoglobinuria in the horse has been attributed to 

occlusive disease of the posterior aorta all~ iliac vessels 

(Carlstrom 1955) ~ Experimental- arterial occlusion in the 

dog resulted ±n··- release of myoglobin, but only after the 

circulation had been re-established (Montagnani and Simeone 

1953). 

The rabbit i9 stated to have nq myoglobin in its muscles, 

and arterial occlusion resulted in shock, but no renal 

t:ailur~, unless human myoglobin is infused (Bywaters and 

Popjak 1942, Bywaters and Stead 1944). 

Significantly, renal failure could be'induced in a rabbit 

by the injection of purified haemoglobin, but only if the 

rabbit was producing an acid urine. 

EFFECT OF UNUSUAL MuscLE AcTIVITY 

THE use ot muscle groups not normally used appears to be 

conducive to myoglobinuria. A case was reported (Schmid 

and Mahler 19 59) where climbing -?f steps produced severe 

anp. painful muscle t;ramps followed by transient myoglobin­

uria, while walking on level :rr,:•und was tolerated without 

even undpf= fatigue. It was also shown that contraction 

beyond the availabl~ nutrient supply of the muscle resulted 

in cramps, muscle necrosis and myoglobinuria. 
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Myoglobinuria occurs after fits and particularly after 

reactions of a violent. nature sue h as electrically- induceO. 

spasms. It was noted that the incidence of myoglobinuria 

from these caus~s, disappears gradually with increasing 

body exercise (Ono 1953), thus indicating th2t it tends 

to affect muscles that are normally little used, or muscles 

that are suddenly used to an unusual and excessive degree. 

A case history of a student who was found to have albumin 

~n the urine, granular and hyaline casts and red blood 

cells had been forced to rise during the night by fraternity 

brothers on three occasions and to do 30 to 45 minutes of 

push-ups and knee-bends (Stahl 1957). Two similar cases 

exhibiting red~colour~d urine had done about 150 knee-bends 

about 60 h9urs previously; another subject who had done 

200 push-ups similarly produced red-coloured urine. 

An interesting series of cases was reported by Howenstine 

{1960) of recruits who had been made to perform long series 

of squat jumps which puts strain mainly on the quadriceps 

muscles. About 60 recruits (0,21%) sought medical care 

as a result of difficulty in walking and the passing of 

dark urine, and of these, 12 were hospitalised. The dark 

~~ine was passed aboqt 4 hours after exercise and persisted 

to a maximum of 96 hours in some of the patients. Urine 

analysis spowed myoglobinuria, haemoglobinuria, albumin­

uria, hae~aturia, pyuria, granular casts, and red blood cell 

casts. One recruit continued to exhibit a slight haematu-

ria for seven months. Kidney biopsy showed brown-pigment 

d~bris illl the tubular lumen and necrosis of the proximal 
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co~val~te~ tubule. The pathological diagnosis was haemo~ 

glob!nuric n~phrosis. Ultimately these patients were able 

tQ perform.many squat jumps without discomfort or urinary 

abnormalities. 

The pirnilariti~s between the overuse of certain muscles 

dur~pg squa~ jumping and during the repeated jumps that 

wild animals make while being chased through long grass 

or ipto nets (both unusual movements) may be significant, 

The ex~rcise need not be excessive to cause the condition. 

One 19 year old marine performed only 50 squat jumps and 

within five hours began to observe pain and swelling in 

both quadriceps muscles. Four days later the patient 

began to pass mahogany coloured urine which was negative 

for ~yo9lobin but positive for haemoglobin, and eventually 

was iO.enti:eied as methaemoglobin and in a similar case the 

brown ~igment was metmyoglobin together with methaemoglo­

bih~ Myoglobin appeared to be lost only in the early 

~ta9'es, followed by haemoglobinuria and metmyoglobinuria 

(Howenstine 1960). It is thought that the escape of red 

cells from the muscle capillaries and subsequent haemolysis 

could be the source of the haemoglobin passed in the urine. 

Another theory was the intravascular haemolysis of red blood 

cel;Ls d\le to the release of toxic materials from damaged 

muscle tissue. One substance which has been shown to have 

a physiological effect which could be deleterious to kidney 

function is ATP. Others are aldolase, lactic acid, transa-

minases and haemoglobin. The latter, haemoglobin, has been 
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shown to have renal. vasoconstricting properties (McDonald, 

Miller and Roach 1951). 

!l 

MYOGLOBIN IN CAPTURE STRESS 

MYOGLOBINURIA is accepted as one of the carti5nal signs of 

capture myopathy. The urine is described as coffee-col~ 

oured. bs far as may be ascertained from written reports, 

no tests have actually been made to determine whether this 

so-called myoglobinuria is indeed a discolouration due to 

the pre$ence of myog~obin. 

CHIEF FACTORS 

Discoloured urine is a condition that may arise from sev~ral 

causes and the pigment may derive from differing sources. 

These may be confused with myoglobinuria and are the follow-

ing:-

1. CLOUDY URINE 

Urine may appear darker when voided. This may be caused 

by a pr~cipitation of phosphate or carbonate. This tends 

to occur readily in alkaline urine as the salts are soluble 

iq acid urine. The urine of herbivores tends to be neutral 

when secret-ed but readily becomes alkaline due to various 

~auses such as hyperventilation. It also becomes alkaline 

on standing. Acid urine may be cloudy due to urates. 

B~aterial growth and leukocytes or pus cells cause cloudiness 

that may induce alkalinity due to the splitting of urea with 

consequent formation of ammonia. Mucus is voided in the 

urine of some herbivores and is increased in inflammatory 

conditions. Urine may contain-prostatic fluid, or spermat-
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~zoa, but not ~n a read~ly visi~le quantity. Chy:1,.uria or 

fat d~oplets may cause cloudiness, as may unlysed red blood 

cells. 

2. REP OR REDDJSH-BROWN COLOURED URINE ........--

This i$ due usually to haematuria and the presence of red 

cells in the blood. If the pigment of the red blood c~lls 

is excreted such as through intravascular haemolysis, or 

if the red cells become subsequently lysed (as readily 

occurf? in ;hypotoni<;: urine) the urine may be clear red, be-

c~ming reddish-brown to brown. If the urine is acid, 

metnaemoglobin may be formed which is of a dark brown or 

eoffee colour. Haematuria may occur as a result of kidney 

damage, when the clinical symptoms may easily become confus-

ed with those of capture myopathy. The secretion of myo-

gloqin into the urine will cause similar discolouration,, 

but brown pigment casts are seen on microscopic examination. 

It may be noted that. small amount.s of haemoglobin pigment 

released into the blood stream do not appear in the urine, 

as these are bound by haptoglobin which has haemoglobin-

b~nding properties. The lysis of some 20 ml blood (3 

grams haemoglobin) is just sufficient to cause a spill-over 

into the urine in an animal Weighing approximately 75 kg. 

Several other causes of dark or red urine are unlikely to 

be seen in a w}ld animal, e.g. acute intermittent hepatic 

po;r-phyria. 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



199 

3. ORANGE-RED TO ORANGE-BROWN OR YELLOW-BROWN URINE 

These types of discqlouration occur when the urine contains 

large amounts of urobilin (urobilogen is colourless but is 

converted in the presence of light and acid pH to urobilin, 

which is dark yellow to orange). Yellow-b:own to green-

brown urine is due to b~le pigments such as bilirubin which 

becomes oxidised to. green biliverdin on standing. The bili-

rubin may be distinguished from urobilin by shaking the urine 

Whereupon a yellow foam appears; normally dark urine or uro-

bilin leaves a white foam. 

Melanistic urine occurs in Addison's disease and in malignant 

melanoma or in alcaptonuria, but these are unlikely to cause 

confusion in wild animal studies. 

The following qonditions are recorded in man as causing 

haemoglobinuria:-

Henry 1969) 

Paroxysmal nocturnal haemoglobinuria 

'March' haemoglobinuria, due to unaccustomed 
exercise 

Haff disease 

Glucose-p-phosphate dehydrogenase deficiency 
due to ingestion of certain foodstuffs or 
medicaments 

Cold haemoglobinuria 

Auto-immune haemolytic anaemia (Davidsohn and 

In animals, haemoglobin has been found as a result of infe-

ctions, especially with Babesia causing redwater (Henning 

1956). 
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MYOG~OBI~URIA AND PLASMA LEVELS OF HAEMOGLOBIN AND MYOGLOBIN 

A number of blood samples from stressed animals have been 

examined for the presence of myoglobin and for haemoglobin. 

To distinguish the latter from in vitro haemolysis, multiple 

samples were taken and a colour comparison mc:;.rle. Those 

that showed a marked increase in colour were then discarded 

on the assumption that haemolysis due to the sampling tech­

nique had occurred. 

It is clear from the number of blood samples that have so 

far been examined, that myoglobinaemia occurs concurrently 

with haemoglobinaemia, a factor which has, so far, not been 

postulated. This anomaly may be due to a lack of facilities 

for the examination of fresh blood and urine, but also, on 

account of the reliance on urine examination alone. 

The mechanisms of liberation of myoglobin through degener­

ation of the sarcolemma of muscle fibres is thought to be 

understood (Chapter One, inter alia, on muscle degeneration 

due to pH). It should be noted that the recovered myo­

g~obin represents extensive muscle damage, on the basis 

that myoglobin constitutes (on a dry rate basis) only two 

to three percent of skeletal muscle. 

It appears that haemoglobin is also liberated in substan­

tial quantities during intensive muscular exercise, possible 

iQchaemic muscular exercise and the exposure of muscle 

fibres to excessively low pH. Some may be derived from 

intra.vascular haemolysis, possibly from jarring as animals 
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are chased over hard ground in winter. This haemoglobin 

is not always found in the urine and therefore not readily 

estimated by urine analysis due to its larger molecular weight 

and immobilisation in the·blood serum by haptoglobin as 

explained below. 

SELECTIVE BINDING OF HAEMOGLOBIN 

HAPTOGLOBIN was first demonstrated and named by Polonovsky 

and Jayle (1939). This factor selectively binds haemoglo­

bin and, virtually the entire haemoglobin-binding capacity 

of serum is thought to be due to its haptoglobin content 

(Javid, Fischer and Spaet 1959). The quantity of hapto-· 

globin in 100 ml serum is able to bind approximately 125 mg 

haemoglobin (Allison and ap Rees 1957) . The excretion of 

haemoglobin does not commence until the haemoglobin-binding 

capacity of the blood is exceeded (Allison and ap Rees 1957, 

La~rell and Nyman 1957). Thus·there is an apparently 'high 

threshhold' for the excretion of haemoglobin. On the other 

hdnd, myoglobin is passed readily into the urine, even low 

plasma concentrations of 15 mg/100 ml blood (15 mg%) as 

compared to 125 mg% for haemoglobin. 

•Jne molecular we.i.·Jht of the two substances differs conside-r­

ably. That of haemoglobin is 68 000 (i.e. similar to that 

of serum albumip which does twc. normally pass into the urine 

except in very small amounts), while that of myoglobin is 

')nly 17 000. Furthermore, the bJ.ndlng of haemoglobin· to 

haptoglobin increases the molecular weight to approximately 

~10 000 (Laurel! and Nyman 1957). 
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It may be noted, however, that although the •renal thresh­

hold' is ~25 to 135 mg% it may be lowered by 60% through 

daily injeGtion of haemoglobin (Yuile, Steinman, Hahn and 

Clark l~~l), causing the haptoglobin to become inactivated; 

although there is possibly some tubular reabcorption. 

MATERIALS AND METHODS 

A series of blood samples was taken from 18 b~esbok which 

had b~en pursued for various distances up to 10 km. The 

method ~f analysis is described in Chapter Two. 

RESULTS 

QuANTITY OF ToTAL PoRPHINS PRESENT IN THE BLOOD OF STRESSED 

ANIMALS 

THE r_erm pOJ:;'phin is used for the 4-pyrole nuclei joined to­

gether by CH groupings. Derived from this parent substance 

is porphyrin. The porphyrins are characterised by differ­

~nt substituent groupings ln positions one to eight in the 

;Jorph:1n ring system. The urine and faeces normally contain 

100 to 300 ~g porphyrins pe~ day and these are derived from 

ingested material as byproducts of haemoglobin and myoglobin 

formation. Increased elimination of porphyrins occurs in 

diseases of the liver. Chlorophyll is a magnesium porphy-

r·J"n (Bell, Davidson and Scarborough 1961). 
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The results show a steep rise of pigments as the distance 

of the chase is prolonged. Those pursued for only short 

distances show no presence of abnormal pigments (Fig. 49). 
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X = myoglobin !:::. haemoglobin 

Figure 49: Myoglobin and haemoglobin levels found in plasma 
of blesbok after chasing over distances of two to 
ten kilometres. 

A correlation ·was calculated for both haemo']lobin and myo-

globin with distance run. The resulting coefficients 

Vfere ~s follows: 

Haemoglobin: 

Myoglobin: 

X' = 0,8080*** 
X1J 

1' = 0,7850*** 
xy 
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DISCUSSION 

THE correlation of myoglobin and haemoglobin with distance 

run is h~ghly significant. The high positive correlation 

j,l'ldicat~s ~hat the further t)le distance, the 9reater the 

9oncentra~ion of haemoglobin and myoglobin in the blood 

serum, w)lich acounts for the greater degree of discoloura-

t~on of the serum after· longer runs. 

The significanqe of this is not fully understood but it 

se~ms likely that even during capture operations, it may 

follow this pattern: 

t 

(a) Sharp fall in pH; (established) 

(b) f~ll in systemic blood pressure; 
(established) 

(c) fall in perfusion pressure; 

(d) lowered muscle pH as compared to 
blood pH; (established) 

(e) degeneration of muscle tissue due to 
excessively low pH values causing myo­
globin to pass into the circulation; 

(f) (egional low P0
2 

values and high pH 
levels preventing regeneration of ,ATP; 

(g) muscles becoming rigid on a local basis 
and muscle fibres rupturing during the 
jntensive exercjse under these circurn­
st:ance~; 

(h) local haemorrha3es resulting in the 
passage of the xed blood cells into th~ 
tissues fG t J.,·)w~d by the release of haeJUo­
globin into the circulation, and 

'i) the trauma to the body of running on hard 
ground in the Wi_pter causing breakdown of 
red blood cells. 

Athletes may show haemoglobinuria after prolonged running on a hard 
surface and none on soft ground (Davidson 1964, Buckle 1965). 
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E.xamination of kidney materials taken on autopsy from ani-

mals that have died from capture stress shows tubular necr-

osis and casts of material that may be derived from haemow 

globin or from myoglobin. Traditional experiments ind-

icate that substantial amounts of blood and n,:,scle pigments 

may be injecteg with little risk of kidney damage and death 

from renal failure does not occur in any but a low proper-

tion of case13 of myoglobinuria oc;::curring from variou13 

pathological causes such as acute poisoning (see Haff 

o:isea::;;e above). 

'I'h.i,s does not mean that renal failure may not be induced 

by the substances under the condition of capture stress 

a~d the resultant captivity. Any additional factors such 

as reduced blood flow through the kidney may render that 

organ very much more susceptible to blockage of the tubular 

Other factors that may contribute are tubular 

deqPneration and necrosis, and a lowered urinary output. 

LcYih~red uctnary flow is bound to follow from: 

(a) Reduced systemic pressure; 

(b) reduced regional perfusion pressure; 

lc) renal vas8constriction due to sympathetic 
disch-::t1·ge; 

(d) renal \asr~onstriction due to fall in pH 
and to the ~ifect of haemoglobin (MdDonald, 
Miller and Hoa::h 1951); 

t•:rn.:: latter two (c) and (d) have been established by exper-

.i ''fH~t.:.J.l procedures in dogs and are accepted as physiopatho-

:!..0qJcal mechanisms - Guyton 1966) 
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(e) dehydration and reduced urinary output; 

(f) anoxaemic degeneration; 

(g) continued adrenergic hypertonus, and 
excessive lactate formation on a long 
t;.erm basis during captivity" 

It is believed that the release of myoglobin and haemoglobin 

into the blood plasma may be reduced by improved methods of 

capture (see Chapter Seventeen) . It is expected that cop-

tinuo~s high sympathetic tonus and failure to take water 

(and food) after capture may l:;>e remedied by changes in the 

holding and quarantine enclosures from the present highly 

artificial system of solitaryconfinement in slatted stalls. 

The infusion of fluid, perferrably of an alkalising nature 

shou~d theoretically be valuable but probably rarely prac-

ticable. The possibility of inducing pre-capture intake 

of anxiolytics is discussed in Chapter Seventeen. This 

would reduce sympathetic tonus, promote food and water 

~ntake, and thus provide a vehicle for medication. 
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CHAPTER TEN 

ENZYMES 

INTRODUCTION 

DURING exploratory work changes in a number of blood enzymes 

have been investigated including sorbitol dehydrogenase, 

isocitrate dehydrogenase, maleate dehydrogenase and phos­

phoglucose isomerase. Eventually the range was narrowed 

down to four enzymes which most closely reflected the various 

aspects of capture stress. These enzymes are the following:-

Glutamic oxaloacetic transaminase (GOT) 

Glutamic pyruvic transaminase (GPT) 

Creatine phosphokinase (CPK) 

Lactate Dehydrogenase (LDH) 

Serum enzymology provides aid in making the diagnosis, mon­

itoring the course, and demonstrating subclinical evidence 

of those conditions that are characterised by distinctly 

abnormal values of one or more enzymes. The diagnostic 

circumstances that are most clearly aided by serum enzymol­

ogy are the differential diagnosis between conditions such 

as myocardial damage and of hepatobiliary and musc~e disease. 

These enzymes indicate pathological processes and aberr­

ations in various organs and tissues: e.g. Hepatic necrosis , 

leads to high values for GOT and GPT but normal values for 
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CPK; skeletal muscular dystrophy (in man) leads to striking 

elevations of CPK, moderate levels of LDH values, slight 

elevations of the GOT level and lesser values of GPT 

(Davidsohn and Henry 1969). The diagnostic application of 

serum enzyme assays is based on clinical experience mainly 

in man and on experimental data. Thus the factors are 

formulated that lead to abnormal enzyme values and correla­

t.ion of serum enzyme values with the nature of the pathol­

ogical process and the organ or organs involved. 

~ATERIALS AND METHODS 

ENZYME work has been performed on eight species, namely, 

blesbok, tsessebe, zebra, wildebeest, nyala, white rhino­

ceros, sable antelope and eland. The work on nyala was a 

brief investigation into two deaths and is described in 

Appendix C. Enzyme levels in rhinoceros were found to be 

apparently normal and are described in Chapter Three. Only 

sporadic values were obtained in sable antelope and are 

not described here. Enzyme levels in tsessebeto determine 

effectiveness of therapeutic substances are discussed in 

Chapter Fifteen. Eland, zebra, wildebeest and blesbok 

have been subjected to serial tests and are discussed in 

this chapter. Methods used in the determination of enzyme 

levels are described in Chapter Two. 
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RESULTS 

ELAND 

A comparison was made between the effects of stress on 

enzyme levels after transportation and after forced exerc­

ise around a track after an interval of four-and-a-half 

rn-:>!:1ths' resting period. 

The difference between the values before transport and the 

peaks after transport were calculated (Table 18) and com­

pared with the differences between values before and the 

peaks after exercise. The t-test for paired observations 

was used for this comparison and the results were as 

follows (n = 8): 

GOT t7 - 2,616** 

GPT t7 = 1,521 not significant 

CPK t 
? 

-= 18,789*** 

lDH t., ; 2,083* 

The.re are significant differences in stress levels reflected 

by three enzymes between transport and exercise. GPT I 

however, reflects no statistically significant difference 

between the two types of stress. In GOT,GPT and CPK the 

levels are much higher after exercise than after transport, 

but the LDH reflects a higher degree of stress after trans­

port than after exerc1se4 
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Table 18: Comparison between enzyme levels after transport 
and enzyme levels after exercise. 

I l I range of peak range of peak 

I aft:er t.r:ansport I after exercise 
I (mU;'ml} I (mU/ml) 
i I 
I GOT GPT CPK LDH I GOT GPT CPK LDH 

I 
animal no.l I 

I 
.1 114,0 15 7,5 1277 137 62 716 274 

I 
3 13,5 5 9 539 96 96 840 52 

4 1,5 -5 10 359 67 9 893 52 

6 148 5,5 -4 344 1172 12 899 197 
I 

7 1219,5 42,5 7 435 1127 26 813 50 
i I 

8 j9,0 33 5 129 160 9 912 44 
i I 

9 l-13,5 6 -2,5 458 145 3 554 122 
I 

197 10 110,0 10 -22,5 201 66 727 608 

I j 100 average 136,5 14 1,19 468 35 794 175 

Other enzyme work was performed on eland in relation to 

establishment of resting values, and this is discussed in 

Chapter Three. Further work on enzymes in eland to reflect 

effectiveness of hydrocortisone therapy is discussed in 

Chapter Fifteeno 

ZEBRA 

ALL zebras subjected to locomotory stress showed high blood 

enzyme levels. All enzymes rose after capture in contrast 

to wildebeest which showed apparent peak levels approximately 

at the time they were caught. 
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The average levels of LDH rose to 2 750 mU/ml in about five 

days after capture. With regard to the interval after 

capture, it should be noted that wildebeest and zebras 

were sampled twice weekly only. More frequent sampling 

would have induced undue extra stress; even twice weekly 

tended to induce damage as the animals were roped and cast. 

Return to normal values was, however, rapid and all animals 

showed a considerable drop in LDH values by the tenth day. 

Surprisingly the second chase induced only a minor rise in 

the LDH levels to 750 mU/ml. The reason for this is not 

definitely known at this stage. It was clear, however, 

that the animals did not exert themselves unduly at the time 

of the second chase (Fig. 50), either because of a taming 

aspect or else from muscle stiffness resulting from a month 

in the pens. The result fits in, however, with the general 

findings on repeat runs and the effect of previous exercise 

or training (Chapter Fifteen) . 

Presumed normal levels of LDH were attained about sixty 

days after the first chase or thirty days after the second 

chase (Fig. 19). Normal levels were taken as those at 

which the curves flattened consistently. These levels 

were close to those reported for the horse, i.e. a maximum 

of 375 mU/ml (Chapter Three). The levels are on the high 

side of normal ranges presumably due to stress of captivity 

and the semi-weekly sampling. The rise in levels of CPK 

showed a sim1lar pattern to the LDH (Fig. 50). The avera-

ge for all zebras was 660 mU/ml, falling again in ten days 
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Figure 50: LDH and CPK levels in zebra after maximum 
forced exercise in the Kruger National Park. 
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after chasing to 160 mU/ml and then to 80 mU/ml in twenty 

days. 

A~ the time of the second chase the levels of CPK rose 

proportionately much higher than did those of LDH, although 

the average value, 360 mU/ml is only just over half of 

that of the earlier level. Ten days after the first and 

second chases, the levels were almost identical at 160 and 

179 mU/ml respectively, and near normal levels were achie­

ved on the fiftieth day after chasing. 

Levels of GPT in zebra showed very similar changes as did 

the other two enzymes mentioned above. The main differen­

ce was that they still showed normal values on capture, but 

rose rapidly to 165 mU/ml in approximately five days' time 

with an equally rapid return to normal values at ten days 

after exercise. 

The relatively high levels of CPK after the second chase as 

compared to LDH may be due to differential stra~n on the 

relevant organs. The skeletal musculature was used to 

carry the animals' weight over the requisite distance irr­

espective of speed or circumstances. On the other hand 

s~nce LDH seems to be associated with shock and anoxia, 

lower levels would be consistent w~th a smaller degree of 

exertion or possibly reduced fear due to a degree of taming 

or training. 

There was a small rise of GPT as a result of the second 
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chase when levels rose only to 23 mU/ml. Again, this 

difference in levels between the first and the second chase 

ts dif.ficult to expla~n with certaJ.nty. GPT is the princi­

pal enzyme stated to indicate hepatob1liary disease. It 

does rise in heart failure and shock, however, especially 

.if there J.s attendant biliary necrosis. Post m:xr-tem exam-

ination of deaths from capture myopathy show lesions of hep­

atic necrosis. This condition is unlikely to occur as a 

result of effort that does not lead to actual circulatory 

derangement. If these results are reproducable they may 

indicate different degrees of involvement of various organs 

in relation to the speed, length and conditions of the 

exerc1se., 

The changes in GOT levels differ from those of the other 

enzymes largely in that the rise at the time of the second 

chase was much higher than after the first, i.e. 250 as 

compared to 170 rnU/ml (Fig. 51). This may be explained 

possibly on the basis of an organ such as the heart being 

st.ressed while st.i.l.l in a convalescent state from previous 

exertion, i.e. with unresolved lesions in the myocardium 

rE::sulting from the previous forced exercise. The enzyme 

GOT is found in a wide spectrum of organs so that the ori-' 

g1n of high GOT levels at the time of the second chase is 

difficult to place exactly. All treated animals survived 

both bouts of· exercise, so that it was not possible to co­

rrelate enzyme levels with lesions manifested at autopsy. 

All untreated animals died within 12 hours, at which time 

enzyme levels had just commenced to rise and specific org-
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Figure 51: GOT and GPT levels in zebra after maximum 
forced exercise in the Kruger National Park. 
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an lesions were undetectable within the general p1cture of 

ac•1te death f:c.>m _t).llmonary oedema. 

BLUE WILDEBEEST 

THE enzyme levels in blue wildebeest showed similar curves 

to that of zebra. 

only once. 

The wildebeest, however, were chased 

With the exception of GOT, enzyme levels reached peak 

values earlier in the wildebeest than in the zebra. ·As a 

result the levels did not continue to rise after capture. 

LDH levels .rea.ched an average of 1 289 mU/ml at capture as 

:::ompared to 1 400 mU/ml in zebra, but showed no further 

Il.Se. On the other hand the fall to normal levels was 

slower so that these were attained only fully two months 

later, the fall being gradual (Fig. 52). 

Levels of CPK averaged 299 mU/ml on capture as compared 

to only 40 for zebra. The zebra, however, rose rapidly 

to 640 mU/ml while the wildebeest showed a gradual fall 

from the capture sample to normal levels a month later. 

Levels of GPT are unremarkable. Again a maximum rise 

was evident immediately after capture. This enzyme did 

not rise to any high levels, but took two months to return 

to what are presumably normal values. In blesbok, levels 

returned to normal in less than two weeks or about a 

q•..1arter of this time. 
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maximum forced exercise in the Kruger 
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If indeed this erzyme reflects hepatobiliary conditions in 

wildebeest as _:.. t is stated to do in man, j t would suggest 

1;-')w 3"rarle hepatic damage that either takes a long time to 

. .cesolve or else continues to manLfest itself as a :result 

of captive conditions, repeated sampL~ng or arti.fl.cial 

:fo::>ds. 

In r,vildebeest the levels of GOT showed a rise over the first 

two weeks which is different from findings in zebra and 

blesbok. The fall to normal levels again took two months 

although there was a sharp fall between the second and 

third weeks. Normal levels are still uncertain for this 

speGies ~s rhe curve did not flatten fully over the time 

af investigation. This enzyme shows considerable differe-

nces amongst the various species examined. In man the 

no.rmal level is stated to be 12 mU/ml, but .in the horse 

~t is stated to be 40 to 100 mU/ml (Chapter Three) • 

BLESBOK 

ALL enzymes reflected a rise after exercise, GOT, GPT and 

CPK peaking after three days. LDH, however, continued to 

rise ~p to eight days after exercise. GPT and CPK levels 

returne~ to normal levels within nine days, with GOT and 

LDH gradually return.ing to normal, taking slightly longer 

to recover than the GPT and CPK values. 
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AcuTE ENZYME RISL3 

EXAMINATION of enzyme levels has alsc• been carried out on 

a short-te:r.·m bas~s concentrating on multiple samples being 

taken from the time immediately after capture at 30 minute 

intervals until the time of release some 60 or 90 m~nutes 

later. 

As a result a slightly different picture was obtained to 

that described above, mainly in respect of wildebeest. The 

previous enzyme curves indicated that there was a.n immediate 

drop in all values from the time of capture gradually att­

aining n~rmal levels over the ensuing month or so after 

capture. Multiple samples taken, starting immediately 

after capture indicated that there was a rise in enzyme 

levels in wildebeest of GOT, GPT and CPK but a fall in LDH. 

Zebra presented much the same type of picture with steep 

rises in CPK levels. Here the LDH likewise showed a rise 

dur1ng the 90 minute period after capture, while the results 

of GOT and GPT were indeterminate (Fig. .53 and 54 ) • 

DISCUSSION 

CONSIDERABLY more work will have to be carried out before 

blood enzymes in wild animals can be used for clinical dia­

gnostic procedures to reflect a clear picture of organ dam­

age. 
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To date, enzyme studies have been carried out on only 

eight species. The results of four species have been 

222 

described above. Further results of the rema~ning species 

are discussed in Chapter Fifteen. The enzyme estimations 

on tsessebe described in Chapter Fifteen were perfo:cmed 

atter forced exercise under specialised condit1ons on a 

track at Percy Fyfe Nature Reserve and the value of com­

parison with free running blesbok, or wildebeest and zebra 

in the Kruger National Park .is uncertain. On the other 

hand, free living animals do not react as do trained 

domestic animals and the rise in CPK in zebra reflects 

that of untrained rather than that of trained horses 

(Riethmuller and Wels 1972). 

Enzyme levels in the test zebra showed greater r.ises than 

those reported by Hofmeyr, Louw and du Preez (1973), but 

samples in the experiments of these authors were taken only 

up till one hour after immobilisation and thus the full 

rise was probab 1 y not: determined. 

The fact that enzyme levels do rise, apparently consis~ently 

with degrees of Locomotory stress and exercise, suggests 

that they form a valuable indication as to the degree of 

stress and resultant bodily changes. It is probable that 

changes in enzyme levels may also g1ve useful and accurate 

indications of the effectiveness of therapy, and to times 

after capture, when animals can be moved. 

Hl:Jh plas.ma enzyme levels clearly may reflect non-lethal 
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conditions. The high levels seen in the wildebeest and in 

the zebra treated with bicarbonate reflected damage or shock 

from which these animals recovered. Very high levels of 

enzymes such as lactat.e dehydxogenase were also .reported 

by Geri.cke and Hofmeyr (19.76) for springbok, but it was not 

mentioned whether these animals survived. It would appear 

that enzyme levels reflect stresses that are, as in the 

zebra and wildebeest mentioned above not always lethal. 

Low pH values in zebra, or h~gh potassium levels in sable, 

on the other hand, did prove lethal and thus may be regarded 

as a more serious indicator of impending capture myopathy. 

It seems highly likely, however, that further stress infl­

icted on animals while the enzymes are at a peak or still 

at high levels, may precipitate a fatal stress condition. 

This may account for the unexpectedly high number of deaths 

in animals such as springbok moved about one week after 

capture when in superficially reasonably good condition 

(own records) o 
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CHAPTER ELEVEN 

BLOOD METABOLITES 

INTRODUCTION 

~1E TABOLI TES are formed in the blood as waste products and 

are removed by the kidney to be excreted as urine. When 

there is depression of kidney function, the proportion of 

these substances in the blood will rise above normal levels. 

The condition of kidneys of animals that died soon after 

capcure gave indication that renal failure was implicated 

as a cause of death. 

Renal failure may be due to a number of factors. 

factors occurring under capture conditions are:-

Such 

{a) Blockage of renal tubules by myoglobin. 

Alt.hough both myoglobin and haemoglobin are released into 

the blood st.ream, the former has a smaller molecular weight, 

and is therefore excreted more readily (Chapter Nine) • It 

is the:cefore more likely to precipitate in the renal tubules. 

(b) Excessive acidity has been shown to cause 

spasm of pulmonary blood vessels (Chapter Six) . The effect 

on the kidney vessels is not known. It is certain, however, 

that acid conditions promote the precipitation of pigments 

in the renal tubule as metmyoglobin and methaemoglobino 

{c) A low systemic blood pressure will induce 

a proportionately far greater fall in kidney perfusion 
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pressure. Below 100 mm H.g, there is very little, if any, 

kidney blood flow. The. fall in systemic pressure to this 

level together with a .rise in the pulmonary a.rtery pressure, 

appc.ars to be a common phenomenon after intensive exercise 

and resultant ac1daemia (Chapter Six • 

(d) Adrenergic discharge in wild animals is 

high, and tends to be continuous under capture conditions, 

particularly in the early stages. Even low levels of 

adrenaline appear to cause renal vasospasm (see discussion 

below). 

MATERIALS AND METHODS 

EIGHT eland and six sable antelope were used in this series 

of experiments. Eland were subjected to forced exercise 

on an exercise track and the sable were immobilised and 

given a slow adrenaLine infusion in some cases mixed with 

phenoxybenzamine hydrochloride given at a rate of 10 mg per 

litre over one hour. Details of these procedures as well 

as details of analysis of creatinine, blood urea nitrogen 

and urea are described in Chapter Two. 

RESULTS 

ELAND 

CREATININE 

FIGURE 55 shows the values of creatinine after exercise. 
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Figure 55: Creatinine levels in four female and 
four male eland before and after exercise. 
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The mean values c;hm•r a· steep £ise over the period of restr-

aintH although very little struggling occurred. These 

results may be due either to increased formation of these 

suos+ances or to a fa:1lure o:r depression of excretion. 

Whereas creatinine especi.all¥ tends to rise as a result of 

muscle action, there appears to be only a small rise in 

creatinine level as a result of the 2 km run, the main rise 

of creatinine com1ng towards t.he end of the sample period 

at some 80 to 100 minutes after first sampling just prior 

to exercise. 

The t-test for paired observations was applied to the diff-

erence in rnaJ.,::;-s and females between before exercise values 

and immediately after exercise values. The results were 

as follows: 

males: t 3 - 3,298** 1 
f em a 1 e s : t s = 3 , 4 6 3 * * } ( n = 4 ) 

The Wilcoxon signed rank test was used because the sample 

s1ze was small and the same results were obtained: 

T(P,N) = O, T(N,N) ~ 10** for males 

T{P,N) - 0, T(NwN) - 10** for females 

Males were also compared wi t.h femaZes both before and after 

chase. The results were as follows: 

before chase difference : t 6 = 1,6206* {one-sided) 

after chase difference : t
6 

- 0,8604 not significant 

The regression lines for males and females were calculated 

and ~he significance of their different slopes obtained as 
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follows: (one-sided) : 

males 

females 

t 6,o*•* 

} (n ~ 6) 

) 

:t• = 0-934*** 
:x;y 

y 1 = 0,08257x + 1,1767 

P = 0,9165*** (actually~ 2%) :x;y 

y' = 0,026x + 1,207 

t = 5,619*** 

228 

(n = 6) 

To establish a significant difference between the slope of 

the values for females and the slope of the male values, 

the value t = 2,366** was obtained. 
lO 

Three main sets of observations were analysed here. 

(a) The difference between values before 

exercise and values after exercise were proved statistically 

significant regardless of sex. 

(b) Immediately after exercise, the values of 

males and females were compared. Whereas before exercise, 

the.re was a significant difference between males and females 

(this was expected and was therefore a one-sided problem), 

after exercise there was no significant difference, indicati-

ng both were stressed to a similar degree. 

(c) The rate of rise in creatinine levels was 

measured in males and females sepa.rately. Both slopes 

were s1gn.ificant in themselves and the difference between 

the slopes was calculated, and there was a significant diff-

erence between these. 

ThPre is therefore an expected difference between males and 
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females (as reflected in known normal values) , and this was 

the case in e7ary respect of the exercise, except for the 

values .immediate.Ly after exerc~se" The males increased 

s.:gnlficantly more .rapidly after exercise than the females, 

over the 100 minute period which followed. 

UREA AND BLOOD UREA NITROGEN 

FIGURE 56 shows the values of urea and blood urea nitrogen 

in eight eland before exercise and immediately afterwards 

which were subjected to the t-test for matched observations 

gLving t 7 = 1,503 which was not significant. The values 

rose after exercise over a period of 100 minutes and the 

dLfferen2e bet'lleen the value before exercise compared to 

•he average of all values after exercise was significant -

t, = 1,959*. Although the difference between the values 

immediately after was not statistically significant, i.e. 

t_here was no significant rise in urea values, there was a 

significant rise in urea over 100 minutes after exercise 

compared to before the chase, indicating that the rise in 

values is a gradual one and not necessarily apparent imm-

ed.1ately after the chase. The increase in results was 

only measured over a period of 100 minutes. Urea does 

even~ually return to normal as is seen from values taken 

on subsequent days. But the exact rate of return to nor-

mal has not yet been determined. 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



UREA-- BUN---- 230 

0 
mgi"o 60 

50 

·30 

... 

--- ........... -- ..1 __ ,...._ - "'-
I 

I 

I 

~·-----~·-----.----·-·-·-·--------·-,---------

60 

minutes after 1st sample 

l i60-T 
___ .........._.__..__ __ j 

Fiaure 56: Urea and blood urea nitrogen levels 

nomwl 

URl:A 

nnrma! 

BU.\ 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



231 

SABLE 

(REAT1N INE 

CREATININE appears to be ralsed by adrenaline infusion, 

although a time lapse occurs which permits a slow fall from 

~he pre-infusion excitement level. The fall is followed 

by a rise wh1ch occurs approximately half-way through the 

infusion, as shown in Fig. 57 A. Values also fall as a 

result of phenoxybenzamlne hydrochloride infusion given 

as described in Chapter Two. Figure 57 B shows a typical 

curve where the r.ise 1n creatinine levels is checked after 

about 20 minutes. After a further period of about 30 

minutes. ~ta1e lS a steep fall in the creatinine level, 

probably ind1cating a return of kidney perfusion and a re-

lease of renal vasoconstriction. The exact time, in rel-

ation to the commencement of infusion, that this release 

occurs will depend, in this type of experiment, is on the blood 

level of phenoxybenzamine hydrochloride that is reached. 

There should also be a marked time-lag between a re-estab­

llshment of k1dney flow and the fall in creatinine level. 

A more exact 1ndicat1on could be obtained if the phenoxy­

benzamlne hydrochloride were to be injected intravenously 

separa~ely, or even a full dose injected intramuscularly, 

instead of being included in the adrenaline infusion. 

Figure 57 C shows the results of another experiment including 

a sable antelope Slmilarly treated. There was some residual 

e:xc.:tement in spite of immobilisation so that the monitoring, 

~nd therefore the infusion, was delayed. Creatinine levels 
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Figure 57: Creatinine levels in sable antelope after 
immobilisation. 
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showed a steady rise due to muscle tension and to endogenous 

adrenaline se ;;reu:' :m. but soon commenced to fall when pheno-

xybenzamine hydrochloride was infused in spite of the 

a:::ld.i.Ltona.l adrenali!'le adminlst,ered in the 1nfusate. 

Because the sample size was small, the Wilcoxon test of 

signed rank for matched observations was applied. Com-

parison was made between before infusion values of all sable 

exper.1.ments and first values immediately after start of 

infusion, and the latter compared to the last value before 

the end of infusion, in both treated (i.e. phenoxybenzamine 

hydrochloride added to adrenaline) and untreated groups. 

The res11lta <were as follows: 

treated group (n = 3): 

b~fore and first value after: r(P,N) = 6, T(N,N) = 0 

first after and last: T(P,N) = 0, T(N,N) = 6 

untreated grouE (n = 2) : 

bdfore and first value after: T(P,N) - 3, T(N,N) = 0 

first after and last: T(N,N) = 3, T(N,N) = 0 

None of the results was statist.ically significant, the 

sample size was too small to compute the significance, and 

these results are therefore largely inconclusive. 

UREA AND BLOOD UREA NITROGEN 
-~- -----
PROLONGED infusion of a low level of adrenaline induces 

sustained medium-high blood levels of urea and blood 

urea ni.trogen (0, 33 gamma adrenaline per kg/min.). A 

representative curve is shown in Fig. 58 A. The initial 
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rise of the me:r:.aboli tes is asu)cLated with the sympathetic 

discha.rge '.Nh..:.:::..e .in ~he crush l: .-~.f:::>re immobilisation. When 

.no 1 o fus:ton wa.a gi ~.;en, both p:..ramete:.rs fell soon after 

lmrn-ob.llLsat1i:i.n. ·was effected. The adrenaline infusion 

maintains urea a.nd b tood urea ni tL·ogen at medJ.um-high levels 

and these then d.r:op 1mmed1ately after infusion is terminated. 

T.n some instances whe1e the infus~on was prolonged, no 

tmmediate post 1nfusion drop is seen, suggesting continuing 

renal vasospasm - a phen:::>menon found in a proportion of 

kidneys removed fo:r donor purposes from live subjects or 

from cadavers (Chapter Fifteen) • When the alpha-adrenergic 

blocker, phenoxybenzam1ne hydrochloride is added to the 

.in.fus.i r,,.. · . .I 0 mq/ll't.re), the levels of urea and blood urea 

nitrogen tend to drop when the phenoxybenzamine hydrochloride 

h:J.s presumably reached a certain blood level. This is 

illustrated in Fig. 588, which shows a representative curve 

obtained from a sa.ble antelope. 

Fi:]u:re 58C sh:::>ws a .rise in both urea and blood urea nitro­

gen before infusion due to adrenaline secretion during ex-

cJtement" The levels are brought down as a result of in-

fusing 500 ml saline containing l mg adrenaline and 5 mg 

phenoxybenzamine hydrochloride. During the ensuing 30 

1ninutes, both the urea and blood u.r:-ea nitrogen show a small 

rise which is brought down again by the infusion of a 

.further 700 ml of :tnfusate contain~ng adrenaline and pheno­

xybenzamine hydrochlor1de of the same strength as before. 

Borh the -t. -test for paired values and the Wilcoxon signed 
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rank test for matched observat1ons were used to analyse 

these results." The former test could only be applied to 

the untreated group - the treated group being too small. 

The results are as follows: 

untreated _9:rou.12: 

Defore and f1rst after: 

first after and last: 

treated 9:rou.12: 

before and first after: 

first after and last: 

t 
~ 

.=. 010402 (n = 4) 

T(P 1 N) : 51 T(N 1 N) = 5 

t s -· 010626 (n = 4) 

T(P 1 N) ·- 4 I T(N 1 N) = 6 

T(P,N) = 2 1 T(N 1 N) = 1 (n = 2) 

T(P,N) = 3 1 T(N 1 N) = 0 (n = 2) 

None of these results was significant and the sample size 

was too small to applyany meaningful statistical treatment. 

On the whole 1 th1s set of results is inconclusive in itself. 

Direct observations may be made from the graphs and data 

taking into account the individual cases. It would appear 

that phenoxybenza.mine hydrochloride did ameliorate the high 

urea levels and blood urea nitrogen, as compared to the 

untreated group, which showed a continued rise in urea 

levels after infusion with the adrenaline alone. 

DISCUSSION 

THE figures in this section representing the work on sable 

antelope infused with adrenaline solution are representative 

figures and do not. show averages and ranges. Only nine sable 
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experiments have been made {one being a control experiment 

w~thout infus1on), the .levels differing as for instance 

in Fig. 578 and 57C. The times ef infusion in relation to 

J.nunobilisation also dif:ter,· making valid· comparisons diffic­

u.l to 

The results· ~ndicate that·phenoxybenzamine hydrochloride 

may be effective in preventing the nephrosis syndrome. 

Increased renal perfusion and resulting diuresis should 

help to prevent blockage of renal tubules, especially if 

given together with alkalising substances. Stabilisation 

of the blood pH should also be promoted by the improved 

k.1dney f,m-:="" i.Gn together with elimination of metabolites. 

The phenoxybenzamtne hydrochloride should also promote 

pe.cipheral blood flow and alleviate the intense vasoconstr­

iction leading to capillary stasis and damage as described 

in Chapter Four. It should furthermore assist in returning 

to normal the pulmonary art.ery blood pressure which, as has 

been po~nt.ed out returns to only partial normal levels as a 

resulr of alleviating acidaemia (Chapter Four). 

An 1nsight 1nto the problem of renal failure and the under­

lying cause of tubular necrosis has been gained in clinical 

me:i,.;.,c1ne from the use of kidneys from cadaver donors. With 

the use of t.ransplants, it became evident that the immediate 

function of cadave.r renal allografts after transplantation was 

1nferior to ~hat of k1dneys obta1ned from live donors (Pryor, 

Keaveny, Reed and Belzer 1971). 
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The period that elapsed between the death of the donor and 

the removal and s..~.bsequent cooling of the kidney was thought 

to be the critical .factor, i.e. the period of warm acidaemia, 

bu.t :.. t was .5hD'IIln by exper.1ments on pigs that there is little 

difference in .function between kidneys removed at periods 

_;f .five to 25 m1nutes after cardiac arrest (Belzer, Reed, 

Pryor, Kountz and Dunphy 1970), 

Arteriograms of the excised kidneys showed varying degrees 

of vasospasm involving on occasion the entire extrarenal as 

well as the 1ntrarenal arterial tree. This vasospasm 

could not be abolished by increasing the pressure of the 

irrigating fluid. 

Ic appeared that the constriction of the kidney vessels occ­

urred during the agonal phase preceeding the death of 

experimental pigs (Belzer et al 19 70) • Constriction of the 

renal vessels and reduction of the renal blood .flow appears 

to be at least largely mediated by the sympathetic nervous 

system and may be induced through experimental haemorrhagic 

shock (Eckenho.ff and Cooperman 1965) • 

Kldneys could undergo renal arterial spasm at any stage 

~cior to f1nal cardiac arrest. When such kidneys were 

':l:ansplanted they underwent severe cellular destruction which 

was related to ischaemic injury prior to removal from the 

donor; and the success of the graft could be prognosticated 

from the rate at which fluid could be perfused through the 

.'("en :il vessels after excision (Pryor et al 1971). 
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The kidney is well supplied w~th alpha receptors, and a 

sharp sustaine:l drop in renal flow was observed in experi­

mental dogs after haemorrhage with a fall in systemic press­

ure (Bell and Lister 1970)" 

Restoration of the blood pressure with noradrenaline infu­

sion results in a further drop in renal blood flow. Thus 

the increased renal resistance offsets the increased per­

fusion pressure. Conversely, a drop in blood pressure in­

duced by alpha-receptor blockade induced an improvement in 

tne renal blood flow. It appears that the auto-regulating 

mechanisms of the kidney function to maintain a steady flow 

rate through the kidney duringfluctuations of the blood 

pressure down to a level of 100 mm Hg. This mechanism is 

often absent, however, because of sympathetic vasoconstri­

ction (Bell and Harper 1968). 

The experimental an~mals showed a rise in blood urea nitro­

gen and serum creatinine as a result of prolonged adrenaline 

infusion at rates insufficient to affect markedly either 

the systemic or the pulmonary artery blood pressure. The 

rise in blood urea and creatinine indicates that renal fun­

ction was already considerably impaired. The haemodynamic 

response of the kidney to small reductions of cardiac output 

is by efferent arteriolar vasoconstriction which thus induces 

n0cmal levels of glomerular filtration in spite of reduced 

renal plasma flow (Merrill 1949). 

W'-te.n the cardiac output is further reduced and after opera-

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



240 

tions involving cLrculatory deficiency, renal function ab­

normalities are likely to occur inducing a significant 

mor+:ali ty (Grismer, Levy, Lillehei, Indeglia and Lillehei 

1964, Doberneck, Reiser and Lillehei 1962). 

The mechanism of renal artery const.riction is complicated, 

involving renin as well as either neural or humoral symp­

athetic factors. It has been shown, however, that alpha­

blockade in those patients that survived open heart surgery 

induced an increase in the effective renal plasma flow 

(Indeglia, Levy, Lillehei, Todd and Lillehei 1966). These 

patients already suffered from impaired renal function and 

high levels of circulat.ing catecholes developed during 

extra-corporeal circulation especially in those that event­

ually failed to survive the operation. 

It appears that where renal tubular blockade is likely to 

be aggravated by either adrenergic-induced vasospasm or by 

low systemic blood pressure, alpha-blockade should exert a 

saving effect. 
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CHAPTER TWELVE 

LACTATE 

INTRODUCTION 

THE formation of lact~c acid during intens1ve exercise is 

:ery largely responsible for the low pH levels found in the 

blood of wild animals after chasing, and there is a corre­

latlon between these two parameters (see results below). 

It has been shown that a respiratory acidosis hardly exists 

by :he time the anlmals can be sampled after capture. 

The lactic acid level in the blood during mild exercise 

ioes not rise above the restlng value of 15 mg percent. 

Tne ~E..ason fo:::- thls is that.. under these circumstances, 

c a-:--5:-: acid 1s disposed of as soon as it is formed, and 

theref~re 1oes not accumulate in muscle tissue. In more 

v~gorous exercise the formation of lactic acid exceeds the 

::1b1lity of the mechanisms to oxidise or reconvert it to 

g 1.ycogen. In seve:r:e exercise in man, blood lactate exceeds 

~a ~g p-~r6n~. The extent of the appearance of lactic 

a~ld i~ the blood appears to be related to the state of 

~ra:intng (see also Chapt.er F tft8en) (Bell, Davidson and 

~~arborough 1961) . 

rr.e fate of pyruvic ac.id which has been formed in this way 

r.i~pends upon the amount of oxygen there is available. I.f 
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sufficient oxygen is present the pyruvate is oxidised to 

carbon dioxide and water in the Krebs citric acid cycle. 

In the cell, DPN, which was ·reduced by taking up a pair 

of hydrogen at.oms when the phosphoglyceraldehyde was oxid-

ised to phosphoglyceric acid, is oxidiseo ~gain by the fla-

voprotein and cytochrome systems and finally by molecular 

0xygen (Bell et al 1961) c 

If there is an insufficient supply of oxygen, oxidation of 

reduced DPN in this way is not possible, nor is it possible 

for pyruvic acid to be oxid1sed in the citric acid cycle. 

In these circumstances pyruvic acid is reduced to lactic 

3cid at the expense of the reduced DPN. 

COOH 
! 
! co 
I 

CH 
21 

pyruoic 
a::·id 

l~cti~ dehydrogenase 

lactic 
acid 

DPN = diphosphopyridine nucleotide 

This reacti::m, which is catalysed by the enzyme lactic 

dehydrogenase, is reversible and is in fact reversed when 

lactic acid is ultimately oxldlsed in muscle during recovery 

after exercise. 
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The oxidation of pyruvate by the citric acid cycle is an 

elaborate process which requires among other things, the 

presence of thiaminepyrophosphate which is derived from 

thiamine. In the disorder of thiamine deficiency, even 

quite mild forms of exercise lead to an increase in blood 

pyruvate because there is not sufficient co-carboxylase to 

bring about its rapid oxidation (Chapter Fifteen). 

Skeletal muscle contracts for only a limited time without 

glycogen. When skeletal muscle is poisoned with iodo­

acetic acid it is unable to form lactic acid but can still 

contract until all the phosphocreatine it contains has 

been broken down. Cardiac muscle, on the other hand, 

poisoned with iodoacetic acid continues to contract for 

an indefinite period, as long as it is supplied with oxygen 

and lactate. The energy for contraction is obtained by 

the breakdown of phosphocreatine, but in this case it is 

resynthesised. The energy for this reaction is provided 

by the oxidation of lactic acid. If the oxygen supply is 

reduced, the lactic acid can no longer be oxidised, and 

the heart fails when the phosphocreatine supplies are 

exhausted (Bell et aZ 1961) . 

MATERIALS AND f':ETHODS 

EIGHT eland, six tsessebe and five sable were used in this 

series of experiments. The procedures are d~scribed 

together with laboratory analyses of ~actate in Chapter Two. 
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RESULTS 

ELAND 

THE level of lactic acid in test animals is well above levels 

reported for human athletes. Levels of 140 mg percent were 

establisheq in the blood of eland run on the Percy Fyfe Nat­

ure Reserve track at an average speed of 17,85 km/h (range 

12 to 22,3 - the low value being incurred by an old bull with 

a cardiac defect) , for a distance of 2 km. Lactic acid le-

vels for the Kruger Park animals were not established. The 

lactate levels of eland run on the track for 2 km at 18 km/h 

are shown in Fig. 59. There is considerable spread in the 

levels, in that certain animals were more easily persuaded 

to run than others, and there was some discrepancy in the 

size of the animals. In spite of peaks of 140 mg percent 

in some animals and secondary peaks of the same height, all 

ar.;imals showed values of approximately 60 mg percent lactic 

acid at 80 minutes after exercise. There was little evi-

dence of the level of lactic acid falling below this while 

the animals were restrained. Levels must have fallen to 

normal in treated as well as control animals, as all survi­

ved and were normal at sampling on subsequent occasions. 

In other animals they were shown to return to normal levels 

within 24 ~ours (Fig. 60) . Normal levels are 10 to 15 per­

cent, although several animals showed elevations of blood 

levels at the start, which is ascribed to the restraint of 

samp.J,.ing. The eland exhibited very little resistance to 

sampling, which is doubtlessly the reason that most of the 
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Figure 59: Lactate levels in eight eland before 
and after exercise. 
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Figure 60: Lactate levels in tsessebe before and after 
exercise and one day later. 
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animals show blood levels within normal limits. This is 

in st~iking contrast to some other antelopes such as sable~ 

where normal values are almost Impossible to obtain in the 

unirnrnobilised animals. Tsessebe also show little resist-

ance and these animals may be blood-sampled standing in a 

crush after they have been blindfolded, upon which they 

appear to become completely submissive. 

Three sets of comparisons were made, as the times could not 

be standardised for all animals with regard to values after 

exercise. Therefore, the difference between values irnrn-

ediat~ly before the chase and the peak values after chase 

were first computed using the t-test for matched observations 

giving~ v~lue of t 7 ~ 7,717***. The difference between 

values immediately l::!efore and immediately after the chase 

were then compared giving t = 6,670***, and the difference 
7 

between the values immediately before the chase and the 

average of all values after were computed giving t
7 

= 

7,181***. 

TsESSEBE 

FIGURES for tsessebe are similar to those for eland (Fig. 61) 

with a greater range. The mean levels are lower, probably 

be~~use the running speed of some 20 km/h is relatively 

slow !or tsessebe (actual speed: average 23,12 km/h; range 

~ 17,27 to 25,70 km/h). Here again, there was little ten-

dency for the lactic acid levels to fall during restraint. 

The reasons for this may be many, including low l:i ver per-
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Figure 61: Lactate levels in six tsessebe after 
exercise. 
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fusion pressure; fall in cardiac output, high adrenergic 

discharge and muscle tension or struggling. 

SABLE 

WHEN the animal is immobilised there is a slow fall in lac­

tic level~ to near normal, over a period of 180 minutes 

(Fig, 62~). This figure depicts a sable bull immobilised 

wtth fentanyl/xylazine/azaperone, 

there is: 

It may be noted that 

(a) A steady fall of lactic acid which flattens 

out at 140 minutes at 30 mg percent at just above normal,. 

and 

(b) that adrenaline infusions at a rate of 20 

~g per kg per hour caused the 1actic acid levels to be 

maintained. Potassium levels also rose (Chapter Thirteen). 

The original high level of lactic acid was no doubt due to 

struggling in the crush during injection, the sable being 

incl~ned to fight and struggle to a far greater extent than 

the eland and the tsessebe. 

Adrenaline infusion in the immobilised animal does not, 

in itself, raise the lactate to high levels. Figure 62B 

shows how the lactic acid falls in spite of infusion from 

the level of 100 mg percent, to a varying level of 80 mg 

percent. It thus appears that the adrenaline will raise 

the lact;.ic acid level only to a certain medium height. The 

results shown in Fig. 62B suggest that continuous adrenaline 
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Figure 62: Lactate levels in sable after inunobilisat ion. 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



251 

infusion will tend to maintain lactic acid levels at medium 

levels for a longer perio~ than in non~infused animals 

(see Fig. 62A) but that eventually the lactic acid level 

falls if the infusion is maintained for a longer period, 

e.~, 140 minut~s at a steady flow rate, For -Further ex-

planation of the rationale of the tests on sable, see Chap-

~ers Eleven and Thirteen. 

rt may be noted that the addition of a small amount of 

phenoxybenaamine hydrochlor~qe (alpha-adrenergic blocking 

aqent) to the adrenaline infusion did not appear to influ-

ence the formation of lactic acid (Fig. 62~). A similar 

pattern to~ adrenaline with phenoxybenzamine hydrochloride 

infusion is shown in Chapter Fifteen. 

Comparing values before and immediately after the start of 

~n2 infusion statistically, in both treated and untreated 

qcoups gave the following results: 

22~ated ~roup: 

befo.r~ and first after: 

f1rst after and last: 

c.r:eated ;rroup: 

~efore and first after: 

first after and last: 

t~o = -0,430** (n = 5) 

t = -2,214* (n = 5) ... 

t = -9,947 not significant (n ; 2) 
1 

t
1 

= 99,0*** (but see Wilcoxon) 
(n = 2) 

rne treated group was considered too small for the t-test 

to have any :mec;mingful application and so Wilcoxon's s·1gned 

.rank test for matched observations was used, and the 
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following result obtained. 

before and first afte~: T(P,N) = 2, T(N,N) = 1 not significant 

first after and last: T(P,N) - 0, T(N,N) = 3 not significant 

Actually, even the Wilcoxon tests could not be probed for 

significance, as the results fell outide the range tabulated 

.for significance. As far as statistical significance is 

concerneq, these results are inconclusive due to the small 

sample size. 

LACTATE CoMPARED To PH 

THE correlation of lactic acid and pH for eland is shown 

in Fig. 63. The drawing shows pH·plotted against lactate .. 

The curve is fairly constant and shows a steady fall in pH 

~s the lactate levels rise. Minor variations in the curve 

~an be ascribE;!d to changes in carbonic acid/bicarbonate 

<;alues in relation to periods of agitation and respiratory 

response~ The correlation coefficient was calculated be­

tween lactate and pH as follows: 

r = -0,659* (closer to **) one-sided (n = 7) and the 

regression line is formulated as follows: 

~· = -0,00324x + 7,3051. 

There is a signi£icantly negative correlation between pH 

~nd la~tate, i.e. as lactate levels rise the pH falls. 
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DISCUSSION 

THE survival of animals show that the levels of lactic 

acid shown by eland and tsessebe after the 2 km chase at 

m~dium speed, does not cause the necrosis of tissues and 

coagulation of muscle protein which is associated with ex­

cessive exercise, and presumably, at least partly, from 

excess lactic acid formation. These effects were seen on 

our zebra at autopsy. These animals had, as explained, 

run faster and exhibited a lower blood pH than the eland 

and tsessebe run on the Percy Fyfe track. 

The lactate levels were also lower in these animals than 

in springbok captured in drop nets (Gericke and Hofmeyr 

1976). It is unlikely, however, that specific levels of 

lactate will be found to be an indication of lethal levels 

of capture stress, but rather the ability of the animal 

to red.uc.e these levels. Thus a further drop in pH was 

observed during the first hour after capture in both zebra 

and wildebeest, also it was found that the blood pH did 

not accurately reflect muscle acidity. There may also be 

considerable species differences in the ability of the heart 

to continue to function under the effects of low pH, and 

other associated factors such as high potassium levels and 

adrenaline effects. It seems probable that the track­

exercised animals not only exhibited lower lactate levels 

(it is establ~shed that pH levels were higher) than the 

free-living animals, but· also exhibited lower sympathetic 

tonus duri~g handling and the immediate post capture period; 
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as far as could be deduced from struggling, and from flight 

reaction, i.e. a certain amount of training and familiaris­

,ation with the procedure had already taken place (see also 

Chapter Fift~en under 'Preventative Measures'). 
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CHAPTER THIRTEEN 

POTASSICM AND CALCIUM 

POTASSIUM 

INTRODUCTION 

IN protein breakqown during stress or inflammation, three 

m-equiv. potassium are released from red cells and muscle 

fibres, for each gram of nitrogen. The potassium in red 

blood cells is 90 m-equiv./1 so that haemolysis of 1 litre 

of blood of 50 percent haematocrit released 45 m-equiv. 

potassium according to Davidsohn and Henry (1969). These 

authors point out that in visible haemolysis in plasma, the 

haemoglobin concentration ranges between 100 to 200 mg/100 

mL This is about 5 m-equiv. potassium per litre for the 
-~·· 

higher level of haemoglobin thus bringing the level of the 

p:>tassium to about 9,5. However, much higher levels of 

plasma haemoglobin may occur, or similar levels of myoglob-

in representing release of potassium from muscle cells. 

Cardiotoxicity tends to occur at levels exceeding 6,5 m-

equiv./1, and a level of 7,5 m-equiv./1 has definite toxic 

effects on the heart. Haemolysis and damage to muscle 

fibres are not the only source of raised blood potassium. 

A rise in pH of the blood and extravascular fluid will 

induce a movement of potassium from the cells into the 

256 
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bloodstream. Plasma potassium rises about 0,6 m-equiv./1 

for each 0,1 unit fall in blood pH. If the blood pH is 7 

and the plasma potassium is 7 m-equiv./1, the plasma pota­

ssium will fall to a normal level of 4,6 m-equiv./1 when 

the blood pH is restored to normal (Davidsohn ~nd Henry 

1969). It has been pointed out (Gericke and Hofmeyr 1976) 

that treatment of acidosis by intraperitoneal sodium bicar­

bonate solution (1 litre of a 1,4 percent solution) in 

sheep overcomes metabolic acidosis allowing potassium to 

re-enter the cell. 

Most of the electrocardiD~ram tracings taken after forced 

exercise or struggling, show evidence of a hyperkalaemia 

typified by an excessively high T-wave. The harmful effects 

of high potassium on heart function are well known (Guyton 

1966). Excess potassium in the extracellular fluids causes 

the heart to become dilated and flaccid and also - other 

things being equal - shows the heart rate. At such levels 

potassium can also cause atrioventricular block. If the 

potassium is elevated to 8 to 15 m-equiv,/1, which is only 

two to three times the normal value, it will weaken the heart 

to such an extent that it will cause death. The effects of 

potassium exc~ss are believed to be caused by a decreased 

resting membrane potential arising from high potassium con-

centration in the extracellular fluids. As the membrane 

potential decreases, there is a similar decrease in the mus­

~le potential thus making the action of the heart progressi­

vely weaker. A deficiency of calcium ions also causes car­

diac flaccidUysimilar to the effect of potassium. As pointed 
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out above, it is believed that the calcium ions in the blood 

are depressed during high lactate values, and therefore 

low pH values. 

MATERIALS AND METHODS 

PoTASSIUM levels have been·· measured in two sable antelope 

so far. This experimeilt was conducted concurrently wi·th 

blood metabolite and lactate determinations for which nine 

sable were used. The procedure and laboratory analysis 

are described in Chapter Two. 

RESULTS 

A correlation coefficient and regression line were cal­

culated for one set of values. Over a period of 267 min­

Jtes, the potassium levels rose from 53 mg percent to 107 

~g percent in six observations. The regression line 

eqnation is as follows: 

y' ~ 0,253x + 34,43 and the correlation coefficient is 

[ = 0,935**'11' 

It must be borne in mind that although the correlation 

coefficient (rise of potassi urn with time) is statistically 

highly significant, the potassium levels have only been 

analysed in one sable antelope after immobilisation. The 

r.Lse of potassium is consistent as can be seen from the 

r:-egression line, and rises well above normal values (normal 

values in human serum = 16 to 22 mg percent) (Fig. 64). 
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Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



260 

DISCUSSION 

THE presence of hyperkalaernia was originally postulated 

from the presence of myoglobin and haemoglobin in the 

plasma, and confirmed from the electrocardiogram tracing. 

Under this condition there is a marked advantage of sodium 

therapy as this tends to redress this condition. As a 

result of infusing 1 000 m-equiv. sodium bicarbonate to a 

250 kg animal·, the sodium level is raised by about 50 

m-equiv:~/1. The urinary- excretion of sodium and potassium 

is in the proportion of 2 parts sodium to 1 part potassium; 

eventually high sodium is excreted selectively through the 

aldosterone mechanism. 

Furthermore, there is an immediate dilution factor. If 

one litre is administered fairly rapidly to a 250 kg ani­

mal of which approximately 1/12 of 8 percent is the capacity 

~f the circulating blood, the dilution of the blood approa­

ches 5 percent and the plasma is 10 percent, assuming an 

haematocrit of approximately 50 percent, and the reduction 

in potassium may well represent a major part of those fac­

tors responsible for improved cardiac function resultant 

on bicarbonate infusion. Finally, as explained above, 

each 0,1 unit fall in blood pH will reduce the potassi.um 

tevel in the plasma by approximately 0,6 m-equiv. as the 

potassium moves back into the cells. 

It may be noted that a lowered potassium may occur later 

due to continued stress, resulting in an increased aldosterone 
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output and sodium retention. H1gh potassium levels (25 

percent incre.;tse of one m-equivo in plasma) will increase 

the aldosterone output resulting in inc;reased potassi.um 

excretion. When aldosterone increases sodium reabsorption 

in the distal tubuies, it at the same time increases pota­

ssium secretion, so that an exchange of action occurs, 

sodium ions being reabsorbed and· potassium ions being 

secreted. Excessively low potassium ions should also be 

guarded ag~inst as a pathological condition associated with 

inte$tinal stasis or reduced intake in anorexia. Pot a-

ssium is more important than sodium in the maintenance of 

acid-base balance, as potassium bicarbonate is the primary 

intracellular inorganic buffer. 

In potassium deficiency there is a relative deficit of 

intracellular potassium bicarbonate so that intracellular 

acidity rises. The respiratory centre responds by lower­

ing PC0
2 

through hyperventilation. The renal cells respond 

by retaining sodium and potassium and e~creting hydrogen 

ions so that through these two mechanisms an extracellular 

alkalosis is produced, 

Lack of potassium causes drowsiness, muscular weakness and 

mental confusion. Electrocardiogram changes show depression 

_of the ST-segment. The T-wave may become flattened or 

inverted. There is a fall in blood pressure and intestin-

al atony may occur. Normal levels of potassium are appro­

ximately 16 to 22 mg/100 ml blo®d serum. Levels in a sable 

that struggled before immobilisation were already 57 mg percent. 
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After four-and-a-half hours of llght immobilisation w~th 

some struggling, the level had risen to some 107 mg percent 

(16 m-equiv.). This is well W.i,thl.n the lethal level even 

without additional pejorative factors such as low pH, high 

catecholamines and possible low calcium ion levels. 

The s~ble mentioned (Fig. 64) did not show the extensive 

discolouration of the serum denoting intravascular haem­

clysis. The potassium levels in those animals from pre­

vious tests that showed a high degree of discolouration 

with high levels of haemeglobin and myoglobin in the serum 

are likely to be even higher and the extent to which ser~ 

potassium levels constitute a lethal factor becomes pro­

vocative. · The readiness of animals such as the sable to 

show red discolouration of the serum when restrained in a 

crush or chased and the association of this discolouration 

with potassium suggests that these anl.mals are likely to 

succumb readily from hyperkalaemia after capture, especially 

1f subjected to handling and being restrained by hand. 

CALCIUM 

INTRODUCTION 

CALCIUM ions are generally accepted to be essential for 

muscle contractility, and laboratory experiments showi,ng how 

cardiac contractions fail if the heart is perfused with 

calcium deficient fluid d.Te too well known to need specific 
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reference. Less well knGwn are the conditions under wh.ich 

calcium ions in the circulating blood become deficiento 

Contraction of skeletal muscle, and cardiac failure in 

diastole, occurs with the rapid infusion of sodium citrate 1 

a standard in vitro anti-coagulant; in calcium drain during 

lactation; in parathyroid malfunction; during calcium ad­

ministration in pronounced rickets, and in alkalotic states. 

Contractile activation of·hea:rtmuscle normally involves a 

transient calcium current associated with· the action pot-

ential ·(Miller 1974) .. · In· fact.-, under certain conditions, 

calcium ions can induce a contraction without association 

with membrane potential change after the musale fibre has 

been depolarised with potassiumo The mechanism of this 

effect has been postulated to be a calcium release from the 

store in the sarcoplasmic reticulum by calcium influx. Sim­

ilarly a prolonged restoration period obtains following a 

reduction of calcium, with a decline of peak tension, ind­

i.cating that calcium stores are not rendered available under 

conditions of reduced serum calciumo 

Recent experiments have indicated more subtle influences" 

Chloride ions are responsible not only for carrying a chlo­

rlde current, but play a role in the regulation of calcium 

conductance availability. This, it is suggested., is due 

to an influence of chloride ions on the electrical field at 

the internal face of the muscle membrane (Meunier and Vas-

sort 1974) (see also Gordon {1976) for response to calcium influx). 
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It is not suggested that chlorine ions play a significant 

part in decreased muscle activity in the stressed animal" 

The clearl¥ demonstrated·reduction of cardiac function, 

however, renders the investigation of changes in c1rculat.ing 

ions as a possible mediating·factor of·considerable impor­

tance. 

RESULTS 

A depression of calcium ions after exercise has been pos-

tulated from the electrocardiograph tracings" Typical 

slurring of the QRS-complex indicates a calcium ion 

deficiency (Volkart 1957) (see Plate 7). 

DISCUSSION 

THE effectiveness of calcium ions may be depressed by the 

presence and effect of lactic ac1.d. We know (Chapter Four) 

that the rise in lactic ac1.d and fall in pH in exercised 

wild animals tends to be excessive under conditions of 

capture. Levels of abGut 15 millimoles per litre which is 

consistent with maximum.muscular exercise within normal 

ranges appears to be suff.icient to depress the serum .ioni­

sed calcium combin1ng it into a physiologically inactive 

form. Thus the lactic acid has a double pejorative effect 

on heart muscle (Pitts 1969). 

(a) The contractility of heart muscle, the pos­

itive inotropic effect and therefore by inference the cardiac 

output 1s reduced. 
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(b) The available calcium ions are also reduced 

and !.herefore the contractile power of the cardiac muscle 

f1bres 1s still further reduced. 

If the calcium content of the,blood is increased sufficien­

tly to saturate the binding capacity of the lactate, so 

that the calcium of the blood is restored, the cardiac 

action should improve. This fact has, however, been diff­

icult to establish with any degree of certainty in the acu:-

tely stressed animals. Only qualitative indications of 

improved recovery were formed in those subjects infused 

with sodium bicarbonate and 'Normosol' solution, as com­

pared to those given sodium bicarbonate in saline. The 

widely differing circumstances of each animal makes concl-

usions uncertain. Also the paucity of animals on each 

trial has militated against the use of control animals, 

or tests using a balanced electrolyte solution containing 

calcium ions without bicarbonate. In any case a speci­

fically balanced solution with an excess of calcium is 

probably indicated where a possible deficiency obtains. 

The pronounced amelioration of clinical symptoms that 

occurs upon the infusion of sodium bicarbonate dissolved 

in either saline or 'Normosol' makes this question of the 

exact mechanism operating in conditions of acute stress 

of secondary importance. The relationship of chronic 

stress and calcium deficiency in wild, and indeed also 

in domestic animals during transport, appears to be highly 

relevant and this is to be discussed under the General 

Discussion (Chapter Sixteen) . 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



CHAPTER FOURTEEN 

TRACE ELEMENTS 

SELENIUM 

INTRODUCTION 

AcTIONS IN THE BonY 

LACK of selenium in the diet causes various deficiency 

diseases such as muscular dystrophy, cardiac degeneration 

and exudative diathesis. Experimentally, rats on sele-

nlum-deficient diets show necrotic liver degeneration. 

Selenium appears to be identical to the 'Factor 3' origi-

nally prepared from kidney powder, and which is essential 

for preventing hepatic and muscle lesions (Schwarz, Porter 

and Fredga 1972). It is associated with the metabolism 

of vitamin E, but the lesions of selenium deficiency can 

generally not. be prevented by vitamin E administration. 

On the other hand, symptoms of vitamin E deficiency such 

as liver necrosis in rats could be prevented by giving 

selenium. As under normal conditions, the tissue concen-

trations of selenium are lower by one order of magnitude 

than those of vitamin E, it can be assumed that the bio-

logic role of selenium and its derivatives in vertebrates 

is catalytic (Walter, Schwartz and Roy 1972). 

authors adduce evidence that the administration of selenite 

and selenate results in selenium-containing protein fractions 
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which may be isolated from experimental animals, and that. 

these proteins contain selenium ;i.sologs of their natural 

sulphur amino acid. constituents·, the seleno-amino acid 

mo1eties forming reactive centres for. these proteins. 

Thus the retardation of"'lipid oxidation by selenium-rich 

fractions has been equated with reductive properties of 

selenoproteins (Hamilton· and 'l'appel 1963). 

Low SELENIUM LEVELS AND CAPTURE MYOPATHY 

THE effects on the an~mal body under clinical conditions 

from eating so-called dystrophic hays is discussed in 

Chapter Sixteen. It. is clear that the wild animals that 

we are dealing with do not suffer from frank selenium 

deficiency or from .clin:ical manifestation of cardiac lesions 

or liver necrosis before they are disturbed, i.e. under 
~-. 

natural conditions. There appear to be no reports and no 

exper1mental data to indicate whether sub-clinical defici-

encies may exist that may predispose the animals to muscular 

dystrophy, cardiac lesions, or liver degeneration on being 

subjected to capture stresses. This is an important point 

which should be investigated, particularly in relation to 

the drop in liver selenium values which has been established 

as occurring at a t.ime of the year when the herbage is com-

mencing to grow, and possibly also in short supply. It is 

now being established that other essential trace elements 

such as cobalt and copper follow a similar pattern. 

Nutritional myopathy due to selenium deficiency has been 

recognised as an important factor in domestic livestock 
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(Buchannan-Smith, Sharp and Tillman 1971~. The possibility 

of selenium def.icien.cy has also been investigated in animals 

in zoological gardens and it. ~s believed that overt myopath­

ies a:re 1·1.kely to oc.c:u:r. when animals from selenium defic­

ient a:reas are sub]ected·to stress (York 1974). Paradox­

ically -the danger of this type of myopathy developing during 

transit is increased now that improved methods of chemical 

capture <'md tranqu.i llisation have been developed; these 

methods facilitating the relocation of animals immediately 

from the place of capture to far-off destinations without 

pr1or resting and feed1ng on concentrated foods. Low 

levels of mineral elements have been correlated together 

with the effect of season on the breeding cycle of plains 

antelope in the Transvaal highveld by Skinner, van Zyl and 

Oates {1974). Low levels of trace elements have also been 

implicated as a factor in high calf mortality occurring in 

roan and sable antelope in the T.ransvaal (Wilson 19 75) • 

MATERIALS AND METHODS 

SELENIUM levels in normal biolog~cal tissue range from 

0,005 to 0,5 p.p,m. with the result that only ultramicro­

methods can be used fo;c selenium analysis. ·Colorimetry 

and fluonmetry have been utilised for the quantitative 

analysis of selenu1m in b1ological materials (Cheng 1956, 

Hoffman, Westerby and H.idiroglou 1968) 0 A more modern 

analytical technique, neutron activation followed by a 

high resolution gamma-ray spectrometry, has also been used 

extensively for the analysis of trace elements in biological 
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t1.ssues because of i.ts 1 . .nherent high sensitivity for many 

elements (Turkstra, Retief and Cleaton-Jones 1975) . 

Five stable isotopes of selenium exist in natureo Table 

19 gives t.he relevant:nuc1ear data for radionuclides which 

are produced from selenium by neutron activationo Only 

three of these radionuclides, namely 75 Se, 17 mse and 61 Se 

can be obtained with h1gh specific activityo Neethling, 

Brown and de Wet (19 6 8) employed the short-lived radio-

nucl~de nmse for the .1.nstrumental radioactivation analysis 

of selenium in biological materiaL Because of possible 

interferences associ.ated with th1s fast technique, satis-

factory results cannot generally be obtained at very low 

concentrat1ons, unless a thin Nai(Tl) scintillation crystal 

or a Ge(Li) detector is applied (Blotcky, Arsenault and 

Rack 1973)o The vir~ually pure beta emitter 81 Se has been 

used to a limited extent (Bowen and Cawse 1963). The 

radlonuclide most commonly used for the determination of 

selenium 1n b.1ological mater.ial is 75Se (Steinnes 1967). 

A limitation of t.be use of this radionuclide is the length 

of irradiation time required to achieve a high activity, 

but the long half-llfe (t., = 1.20 days) allows sufficient 
2 

time for careful radiochemical separation and activity 

measu:cementso It was therefore decided to investigate the 

use of high-resolution gamma spectrometry for the direct 

determinat1.on of selenium in liver samples of wild animals 

at regular intervals over a period of several years, 25 

months of whtch have now been completedo 
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Table 19: Nuclear data for radionuclides produced from 
selenium by irradiation in a thermal reactoro 

~.:~rget 

:i::-utope 

'.":.Se 

i.r<:Se 

abun­
dancs 

( %) 

0,87 

9,02 
23,52 

49.82 

9,19 

activation 
c~·oss-· 

section 
(barn) 

30 

22 
0,38 
0,05 
0,08 
0,53 

0.05 

0,004 

product 
isotope 

75se 

77 mse 
79mse 
~mse 
8lm Se 
81 Se 

S:lm Se 

83 Se 

half-life 

120 d 

17,5 s 
3,9 m 

6,5 X 101ty 
57 m 
18,6 m 

69 s 

25 m 

gamma-ray 
energy 

(keV) 

97 
121 
136 
199 
265 
280 
305 
401 
162 
96 
nil 
103 

1% gamma 
272 
280 
550 
560 
830 
350 
650 
1010 
2020 
225 
358 
520 
710 
833 
1060 
1310 
1880 
2290 

activity of 
Se t 

25* 

97* 
2,9 

1. 5 
25* 

0,46 

0,04 

t aft8r activation for one half-life 0 = 1 x 10un cm- 2 sec- 1 (mC/g) 

F~~m Harthoorn a~d Turkstra (1976) 

Prepa.:ration of the liver samples, standards, irradiation 

and measurement o.f gamma activity is discussed in Chapter 

Two. 

Liver samples from a total of 74 animals have been analysed 

fo:r selenium, and are being analysed for other trace elements. 
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These cons1st of eight species from five main·areas~ The 

most. numerous among these are warthog (49). Other species 

include ~mpala (7), springbok (13), white rhinoceros (1), 

blue wildebeest (1), buffalo (1), nyala (1) and black 

wildebeest ( 1). 

RESULTS 

A gamma spectrum of a liver sample after 90 seconds of 

irradiat.i on and 20 seconds of decay t.ime is shown in Fig~ 

65. The 162 keV photopeak of nmse is well separated 

from other gamma photopeaks. No interference due to the 

198 keV photopeak of l'!o can be observed. It was observed 

by radioact.ivation that the 'Bovine Liver Standard' used 

contains .1,14 ]Jg of selenium per gram of sample compared 

t-o the prepared selenium reference standard. Figure 66 

shows the seasonal. variation· in selenium content in the 

ltver of all antma~s. Figure 67 shows the values over the 

same time period for males only, regardless of species or 

location. Both curves :reflect chiefly grazers. It may 

be assumed that the impala (facultative browsers) were 

!aking a quantity of browse at least during the winter. In 

spite of t_his, the impala 11 ver values do not exceed those 

of the warthog which are classed as grazing animals. Figure 

68 reflects the values in all animals but with lactating 

and pregnant females shown separately. The accuracy of 

the analysis has been calculated to be approximately 2 per­

cent (0,97 to 1,02 in five identical samples) which is ade­

quate to cower the wide range of values which exceed 200 
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Figure 65: Ganuna spectrum of a liver sample after ninetv 
seconds of irradiation and twenty seconds of 
decay time 
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Figure 66: Liver selenium content of seventy-four animals over twenty-five months in all 
'5 ample are as • 
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Figure 67: Liver selenium content of forty-eight males over twenty-five 

months regardless of species or area. 
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Figure 68: Liver selenium values of seventy-four animals over twenty-five montr.s showing pregnant 

and lactating females apart from main group. 
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percent between the extreme monthse 

It .is noteworthy that. lactat1.ng females are approximately 

100 nanograms or more below the other levelso There is 

a lactating warthog in February showing the lowest·seleni.um 

values of all. 1 t .i.s we 11 known that pregnant females 

a:re more susceptible t.o capture myopathy (e 0 g ~ three preg­

nant females were the only an:imals that died in a recent 

cons.1gnment of 15 bl.esbok to Bronkhorstspruit. and the only 

othe:r animal showing symptoms was a female) and are often 

t.he only ones to succumb. The possible relationship of 

lactation or p:regnancy and selenium depletion may well 

bear investigation. Piglets are known to receive a store 

of iron in the liver from the sow during the gestation 

period, t.o tide them over the time when they receive only 

m:i lk (Calhoun and Smith 1958)" A similar pattern probably 

obtains ':r.Tlth other trace elements. It is possible and 

even l1kely that females which are pregnant or lactating 

':tur.1ng the months o.f selenium shortage may well aggravate 

th~.1.r tissue shortage by channelling· selenium into their 

y::>u.."'lg e.1 ther by storage in the foetus, through lactation 

or botho 

Spearman's coefficient of rank correlation was applied only 

to the collective data and the male animal values, as they 

w~.re tpe only sets of data stretching over the minimum 

period of two years {in this case 25 months) allowed for 

this type of analysis. From this set of data, statistic-

ally significant results were also not obtained, but for 
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the sake of coropa:rison the r (correlation coefficient) was 
s 

calculated in both cases. The values were grouped into two 

sets, each representing· correspond~ng values in correspond-

ing months of t.he sample· year. They were then ranked ace-

ordingly and the results were as follows: 

The composite g:roup: .Y' 
$ 

- 0,05 

Y' ·- 0,28 
s 

The all males group: 

Although neither result was statistically significant. there 

1s indication that. a seasonal variation may not hold good 

for composite results, and should be broken down to separa-

te sex, and if furthe:r amounts of samples were available 

over a longer per1.od., perhaps further breakdown may be ind-

icated, i.e. into area or species. The difference in res-

ult:s of the composite group and the all males group suggests 

that further work should be done along these lines. The 

.results relating to the other groups are given in the graphs 

plot.ted 1n Fig. 69, 

DISCUSSION 

THE results of the analyses show remarkable conformity con-

side.ri.ng t.hat the samples were derived from a number 19f 

differP~t species and aeveral geographical locations. The 

f.1.rst. low levels occur in Septembe.r., dropping gradually 

until December after which the values commence to rise, 

Lea~hlng peak values in Apr~l and May" The levels do not 

follo{,v the same pattern as the rains. The first substan-

t.ial :rains fell ln September (.Fig. 2 to 6 in Chapter One) 
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Figure 69: Grouped results of liver selenium lactating 
according to areas, sex and species. 
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and another peak i.n selenium values was evident in October 

and November. 

There is another :low· period in August and· September, but 

+:his may- be an art.1faet· caused by- scatter of results at 

t-hls season. Other samples collected at this time have 

yet to be processed, and the trend may eventually be more 

exactly determ:1nedo 

As inc.reased susceptib.Llity to· capture myopathy in wild 

animals during the latter part of the dry season is gen-

e.rally acceptedf although factors such as low forage pro-

-~.ei.n value are undoubtedly a major cause, the low levels 

o.f selenium dur:ing th,is ti.me of the year are likely to be 

a contributing facttor , 

OTHER TRACE ELEMENTS 

SIXTEEN 'Jther trace elements were analysed over €light 

and fifteen months. Figure 70 shows the levels, over 

15 monrhs for chlorine, cobalt, magnesium, sodium and zinc. 

The levels of these elements show remarkable conformity 

w1 t h the main peak.s at approximately the same time· in July. 

The g:r"lph 1llust:ra:t.es the problem that. may arise if single 

or on 1 y a few specimens are analysed to gi.ve indications 

o.f trace elements .• lf we cl!.n assume that the peaks in 

differing areas coincide (as they appear to do) consider-

able erro:r may result by comparing samples from one area, 
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SiY ;1 Jun0, and from anothe.r 1n August~ the d~fference for 

., ., .1mb•:=! • e> f I? i.emen t.s bet·ween these months amounting to or 

;o.x:eei.ng 200 petr~ent in mo~+: cases. 

ThE": .ftve elements ment~1oned above weL·e analysed stat.1st.1-

·.::d ly fo:~ correlation. These results were from 15 months, 

ctifh·,_;gh ·:-obaLt. and zinc were determ1.ned only over e1ght 

m::>nths. The .following correlat.ions resulted, WLth their 

levels of s ·1.gn if 1 cance (all tests were two-sided). 

~hlor!ne Wlth cobalt: Y' "" 0,8578*** (n .: 8) 

<;h lon.ne with m-3gnesium: Y' = 0,6044** (n = 15) 

::hlor1ne Wlth SOdium: r - 0,9540*** (n -= 15) 

'"'hlorlne Wlth z.1nc: r- = 0,6799* (n ~ 8) 

ccba ~ t. with magnes~um: f' = 0,7974** (n ""' 8) 

'"lb :tl t w·: th sod:: .. um: r ·- 0,6526* (n = 8) 

f' 'lh "11 t w,+h ZlTIC: r .. 0,3518 not significant (n -· 

m::tgnest'Jm with sod1um: Y' - 0,6263** (n ~ 15) 

J;.::·,JnP..,., 1 urn wl t.h zinc: X' = 0,6570* (n = 8) 

.;;·•:itum ~1>/.i th ztnc: l' "' 0,8399*** (YL - 8) 

l ~· tha.se comparisons, wherever one element had only eight 

m~1ths' values, t.hen from the element being compared, only 

E:.:.9hr: months' v:.ilues were taken, regardless of number of 

•n-,,,..; r hs ct·,r'.Jally analysed. 

T~e lLne~r regress1on for three of the comparisons was 

cal~~lated as follows: 

~h~or1ne W!th sod1um: 

-:- ,, b ::t 1 t '"" t ·- h mag ne s lllfn: 

d - 1,1638x- 146,354 

8) 
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sodium with zinc: y' = 0,0342z + 60 

The most significant correlations were (in order of 

significance) chlorine with sodium, chlorine with cobalt, 

sodium with zinc, and cobalt-with magnesium. 

Although the time period overrwhich the: samples were ana­

lysed is not long_ enough to give any statistical indication 

of seasonal variation or seasonal index, the correlation 

between certain trace elements is interesting to note, 

especially since three of the comparisons appear tb be 

highly significant. 

The remaining eleven elements which upon observation 

appeared not to have too close a correlation, are depicted 

in Fig. 71 and 72. Copper appears to follow a similar 

pattern to selenium, although statistical correlations 

have not been made. Most elements appear, as does selenium, 

to have two peaks during the year. 
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·CHAPTER FIFTEEN 

THERAPY 

BICARBONATE 

INTRODUCTION 

TREATMENT of the acute form of capt.ure stress by bicarbonate 

.1nfusion has been largely dealt with in Chapter Four. 

section deals mai.nly with the clin1cal effects. 

MATERIALS AND METHODS 

This 

S 1 X zebra were origi.nally used in this experimental series. 

These anJ.mals were subject.ed to maximum forced exercise in 

the Kruger National Park and caught and restrained as desc-

ribed in Chapter Two • Infusion was administered at the 

. r':lte of 1 000 m-equiv,.,/1 bicarbonate in physiological saline 

or in a balanced solution of ions per 250 kg body weight. 

RESULTS AND DISCUSSION 

THE most notable effect of the infusion was an immediate 

improvement 1n condition. The an1mals became visibly more 

alert, and often started to struggle from being in a near­

comatose state. On auscultation, the change in the heart 

sounds appeared remarkable. The heart beat improved in 

285 
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st.rength • Prior to infusion, heart sounds were muffled &nd 

• 'ldistinct. On infusion these became crisp, louder and tn 

many cases audible to bystanders, the apex beat becoming 

visible on the body surface. In a similar way the breathing 

became less distressed and slowed down after an early increase 

in rate. 

The extent· of the improvement was more remarkable than the 

changes in the pulse and respiratory counts, although these 

also were significant. The pulse rate, taken immediately 

after the first infusion, fell from an average of 244 to 

144 beats per minute. Similarly respiration fell from an 

average in all surviving animals from 65 to 56 per minute, 

although there had been an increase in respiratory rate 

p.r::-ior to the time of infusion (see Fig. 28). 

The three animals that were not treated deteriorated prog­

ressively, and died at 30 minutes, 9 hours and 12 hours 

respectively after capture. None of the treated animals 

rlJ. ed. 

In many cases the hydrogen ion concentration of the blood 

1n~reased over the period between capture and infusion, in 

spite of complete restraint and'unhampered'breathing. The 

extent of the low pH after the forced exercise was remarkable. 

In the surviving animals, after the first chase, the average 

pH on capture was 6,78 falling to 6,67 before infusion 

(Table 7) . 
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After infusion of 500 m-equiv. the pH rose to an average 

figure of 7,13 and after 1 000 m-equiv. to an average of 

7,28 (Fig. 40). 

Figure 73 depicts the direct pH measured and that of the 

blood equilibrated with 4 percent and 8 percent C0 2 and 0 2 • 

It may be seen that the lines depicting the pH of the blood 

samples on capture and before infuQion lie far to the left 

of the normal limits of the Siggaara-~nder$en Curve Nomo­

gram (line XY) necessitating an extension (XZ). After 

infusion there was a shift back into normal ranges. 

As previously explained (Chapter Thirteen) the bicarponate 

therapy has other effects besides return~ng the pH to a 

physiological range. The potassium of the plasma is re-

duced by approximately 0,6 m-equiv. per 0,1 rise in pH units 

enabling the potassium to re-enter the ce~ls. There is 

~lso an immediate dilution of potassium in the plasma by a 

factor of approximately 10 percent through mechanical dilu­

tion while additional calcium ions are supplied if the 

bicarbonate is dissolved in '~ormosol' (b~lanced ion) 

solution. The extra fluid counteracts dehydration and 

promotes kidney action, the elimination of blood and muscle 

pigments besides counteracting the tendency for these to 

be precipitated by acid conditions. 
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Figure 73: Siggaard-Andersen curve nomogram extended 
to show acid-base values in zebra immedia­
tely after capture and half-an-hour later. 
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SELENIUM AND VITAMIN E ·THERAPY 

MATERIALS AND METHODS 

NINE tsessebe were kept in enclosures at Percy Fyfe Nature 

Reserve. Four of these animals were given an injection 

of 'Bo-se', a preparation of selenium and 'Tocopherol'. 

designed for the prevention and treatment of 'selenium-

Tocopherol-deficiency' syndrome in calves and sheep. It 

contains sodium selenite (equivalent to selenium 1 mg) 2,19 

mg, and vitamin E (as d-alpha tocopherol acetate) 68 I.U~ 

The same animals were given a further injection immediately 

after forced locomotory exercise. Exercise was conducted 

on an exercise track (Chapter Two) . 

RESULTS 

NOTABLE differences in blood levels between the treated and 
~ 

untreated groups of tsessebe with regard to LDH and CPR 

were observed (Fig. 74). 

An initial lowering of blood enzymes subsequent to the 

first injection of 'Bo-se', was seen to occur before 

the second injection three weeks later. No exercise was 

given during this period, the animals remaining in their 

enclosures. 
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Figure 74: Differences in enzyme levels between treated and 
untreated tsessebe. 
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LACTATE DEHYDROGENASE 

THE extent of the drop in LDH values in all four treated 

animals (Group A) ranges from 248 to 907 mU/ml with an 

average of 517 mU/ml. The untreated group (B) showed a 

fall in LDH in the same period of 151 mU/ml, i.e. a diff­

erence of 366 mU/ml. 

At four weeks, that is one week after fo~ced locomotory 

exercise over 2 km, the LDH in Group A showed an average 

rise of 60 mU/ml ranging from a drop in one animal of 66 

to a rise of 124 mU/ml. Group B over t·he same period show­

ed a rise averaging 187 mU/ml with a range of rise of 67 

to 411 mU/ml. 

CREATININE PHOSPHOKINASE 

ESTIMATION of CPK levels provided a similar picture to that 

of LDH although the results were less clear cut. Group A 

after the first injection of 'Bo-se' showed an average 

drop of 311 with a range of 71 to 598 mU/ml. After exe~ ... 

cise a further drop occurred in the blood level of CPK of 

25, ranging from 23 to 31 mU/ml. 

In the untreated animals (Group B) the results were distor~ 

ted by one animal coming down to near normal levels from a 

very high reading, dropping 283 rnU/ml. Excluding this 

animal, there was an average rise of 6 mU/rnl. This was 

fairly constant as three animals showed an identical rise 

of 8 rnU/rnl and one showed no change. 
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After exercise, Group B showed a scatter of results with 

some animals showing a rise and others showing a fall so 

that the results are difficult to interpret in a meaningful 

way. 

GLUTAMIC 0XALOACETIC TRANSAMINASE 

THE levels of GOT in Group A estimated after the first 

injection showed an average fall of 16 ranging from a rise 

of 6 to a fall of 64 mU/ml. There was a rise after ex-

ercise in this group averaging 48 with a range of 13 to 

~44 mU/ml. Group B showed an average rise of 12 after 

chasing, with a scatter of results after the first injection, 

with all animals except one showing a drop in GOT values. 

GLUTAMIC PYRUVIC TRANSAMINASE 

THE GPT levels in Group A showed a drop averaging 41 after 

the first 'Bo:se' injection ranging from 0 to 76 mU/ml. 

This rose, however, after exercise to an average figure of 

28 ranging from 4 to 55 mU/ml. Group B showed a smaller 

fall after the first injection of 24 mU/ml, but here ag~in 

the results are difficult to interpret owing to one reading 

of 116 mU/ml. Otherwise there was a rise in GPT in this 

group compared to the fall as shown in Group A. After 

exercise the animals were equally divided with two showing 

a rise and two a fall in GPT, and one remaining static. 

Statistical comparisons were made between values immed­

iately after exercise and subsequent values over a period 

of weeks, using both the t-test for paired observations and 
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the Wilcoxon matched pairs signed rank test. The treated 

groups were compared to the untreated groups in this way and 

the results were as follows: 

GOT: t.., = -1,87 not significant at 10 percent (n = 5) 

T(P,N) = 9 I T(N,N) = 1 significant at 10 to 25 percent 
(n = 4) 

GPT: t.., = -2,739 ... (n = 5) 

T(P,N) = 10 1 T (N ,N) = o* (n = 4) 

CPK: t.., = 2,030 not significant at 10 percent (n = 5) 

T(P,N) = 0, T (N ,.N) = 10* (n = 4) 

LDH: t.., = 1,552 not significant at 10 percent (n = 5) 

T(P,N) = 1, T(N,N) = 9 significant at 10 to 25 percent 
(n = 4) 

On the t-test, only the GPT seems to have been significantly 

affected by the 'Bo-se' therapy, but negatively so. ,Accor-

ding to the Wilcoxon test, only CPK and LDH drop significan-

tly as a result of the treatment and this is reflected in 

Fig. 74. 

DISCUSSION 

THE results of 'Bo-se' injection into tsessebe are not clear 

cut. This may be due to a number of factors including the 

small number of animals available, the difference in length 

of captivity, and therefore of tameness. Also their 

differences in temperament, some animals exhibiting a greater 

reaction to disturbance than others. 

There did, however, appear to be a therapeutic effect from 
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'Bo-se' injection on LDH whtch showed a precipitous drop 

of 51 7 mU/ml as compared to 151 mU/ml in the untreated 

animals. A slight .rise occurred after exercise of 60 

mU/ml as compared to a rise in the untreated group of 187 

mU/m]. 

The levels of CPK also showed a rapid decline after 'Bo-se' 

injection of 311 mU/ml and a further drop of 25 after 

exercise, and a subsequent injection. 

A major problem presented here is the stressed condition 

of all animals prior to exercise. The exercise itself 

showed no more than moderate stress so that there was no 

marked rise of enzyme levels in the untreated animals after 

exercise except possibly for LDH. 

Two maior differences appear to exist between the results 

of exercise on the track during this experiment, and that 

of ~basing in the wild. These may be due to several factors 

!ncluding greater efforts on the part of the latter to 

escape from the pursuing vehicle, use of a greater por­

pnrtion of the musculature, and fear in the untamed animal. 

A~so the speeds obtained in the track were lower during 

+-h::.s series of expe.riment.s than attained under bush condi­

~Jons. The animals used were fed artificially on a diet 

la1·gely of fresh lucerne and therefore the probability of 

a la~k of selenium and/or vitamin E in the diet is small 

ane far less than that of wild animals suffering deficiency 

at certain times of the year. The administration of 'Bo-se' 
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three weeks before exercise is hardly a practicable basis 

for treatment of captured animals, but did enable some ob­

servations to be made on the possible role of adequate 

selenium and vitamin E levels in preventing stress or 

capture myopathy. 

Clinically, 'Bo-se' has been reported as being ineffective 

in the treatment of tsessebe for capture myopathy (Young 

1972) • This may be due to several causes such as delay 

in treatment and therefore the treatment of established 

capture myopathy, as also attempted treatment of severe 

cases. The determination of the impact of therapeutically 

effective substances on the enzyme levels which are known 

to indicate capture stress probably provides a more sen­

sitive criterion of putative therapeutic activity. 

RATIONALE OF PHENOXYBENZAMINE THERAPY 

INTRODUCTION 

THE blockade of alpha receptors with phenoxybertzamine hydro­

chloride has been used as an attempted therapy for the acute 

.form of capture myopathy. There was a further indication 

that where the acute form is relieved, the sub-acute and 

chronic form are unlikely to develop. Phenoxybenzamine 

was used at a low concentration of approximately 20 mg per 

litre and given at a slow rate of infusion of one litre 

over one hour. The object of this treatment was to alleviate 
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the sympathetic vascular hypertonus that is almost certainly 

present in all newly captured animals. The principal eff­

ectiveness of phenoxybenzamine at this range of concentration 

is on the post-synaptic alpha receptors rather than the pre­

synapt.ic alpha receptors that regulate transmitter-release 

(see below). 

PREVlOUS RESULTS 

THERE is evidence that at least part of the reactive state 

of the animal after capture may be ascribed to intense vaso-

constriction. This is turn results in decrease of the 

circulatory blood volume, and increase in metabolites in 

parts of the circulatory network, and probable damage to 

the kidney and other parenchymatous organs. 

At concentrations of 2,9 x 10- 7m the neuronal uptake of nor­

adrenaline is inhibited by about 20 percent (Cubeddu, Langer 

and Weiner 1974). Higher concentrations were employed by 

others (Langer 1970, Langer and Vogt 1971, Bennett 1973), but 

without a comparable increase in blockade of end organs such 

as the spleen to nerve stimulation or reduced response to 

exogenous noradrenaline. 

It has been found (Dubocovich and Langer 1974) that phenoxy­

benzamlne was more potent in blocking the post-synaptic 

alpha receptors that mediate the vascular responses to both 

exogenous and endogenously released noradrenaline than in 

blocking the pre-synaptic alpha receptors which regulate 

transmitter release during nerve stimulation. The level of 
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noradrenaline in the circulation is therefore not reduced, 

but only the circulatory effects. At the same time, at 

low concentrations the actual concentration of transmitter 

is not increased. As was pointed out by the last mentioned 

authors, the concentration of phenoxybenzamine needed for 

the blockade of the pre...,synaptic alpha receptors tpat re­

gulate transmitter release is 30 times higher than that re­

quired for the blockade of the receptors of the effector 

organs. It is possible, therefore, that the pre- and the 

post-synaptic alpha receptors are not the same; neither 

may the affinity of the two types of receptors for the 

blocking agent or for the agonist noradrenallne be identi..., 

cal. It may be noted also that a spare receptor population 

has been postulated (Waud 1968, Langer and Trendelenburg 

1968) to account for this phenomenon. Since our object 

was to reduce vascular resistance the lower range of pheno­

xybenzamine has been used. 

Oliguria due to renal tubular blockage by myoglobin or 

haemoglobin derivation should therefore be ameliorated by 

phenoxybenzamine hydrochloride therapy. Such therapy, 

using the very low concentrations of phenoxybenzamine 

is therefore indicated where there is discolouration of the 

plasma whether this has been caused by excessive and forced 

exercise, by massive inj u.ry such as bruising, or from 

metabolic disturbance such as azoturea - paralytic myo­

globinurea. 

The phenoxybenzamine hydrochloride should be administered 
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prophylactically rather than curatively within the context 

of capture stress. Once· shock has set in or anuria is an 

accomplished fact, the treatment, if C\ny, is complex and the 

chances of recovery greatly reduced. Also, it would then 

be necessary to administer massive infusions of blood 

volume expanders, such as 'Low Molecular Weight Dextran' 

or blood plasma to prevent shock. 

The advent of shock may be gauged by clinical signs. These 

are: Cold extremities, sweating in some animals, weak rapid 

pulse, low pulse pressure, collapsed peripheral veins, 

sluggish p~ripheral circulation, and discoloured mucous 

membranes~ Successful therapy can be gauged from a reversal 

of these symptoms, the pulse becomes full and the extremities 

warm and dry. 

PHARMACOLOGY 

THE generic name is phenoxybenzarnine hydrochloride and the 

chemical name is N-(2-chloroethyl)-N-(1-methyl-2-phenoxy­

ethyl)benzamine hydrocploride. The molecular weight is 

340,31 and the empirical formula is given as C 
18 

H
22 

Cl NO .HCl. 

RESULTS 

WHILE the available cases on which this type of therapy could 

be tested are as yet few, certain indications as to its 

effectiveness are evident. 
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The blood picture before, during and after infusion shows 

an improved perfusion of tissue~. This imp~oved perfusion 

is similar to that obtained with the bicarbonate infusion 

in acidotic animals. Experimen~s on sable antelope 

indicated that the infusion of low levels of phenoxybenza­

mine hydrochloride r~duced considerably the level of the 

pulmonary arterial pressure (see Plate 9). The results 

of phenoxybenzarnine on the levels of blood metabolites 

are given in Chapter Eleven. 

It seems likely, therefore, that the combination of the 

two forms ~f therapy should show improved effectiveness in 

reducing vasoconstriqtion irrespective of whether the prime 

cause of increased vascular resistance and reduced tissue 

perfusion has its origi~ in low pH or in adrenergic hyper­

tonus. 

The results so far indicate that once the blood flow has 

been re-established the greatest danger to the animal has 

been surmounted. This may be especially relevant in 

relation to reduction Qf muscle damage by high local 

concentrations of lactic acid, and the aleviation of block~ 

age of the tubules of the kidney; it has been pointed 

out elsewhere (Chapter Sixteen) that accumulation of blood 

and m~scle pigments in the kidney under certain conditions 

such as intense vasoconstriction, increases the liability 

to blockage and resultant anuria. 

Enzyme levels over the ensuing weeks compared to that of 
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control animals also suggest that damage to oth~r paren­

chymatous organs such as the liver may also be reduced as 

a result of prompt infusion therapy with phenoxybenzamine. 

The length o~ time that this treatment is effective is 

not yet known. It is likely, however, that once excessive 

sympathetic tonus of blood vessels is released, further 

avoidanqe of fear and exG~tement and possibly the judicious 

use of tranquill~$ers shQuld reduce the necessity for 

further treatment. 

PlSCIJSSIOfi 

PHENOXYBENZAMlNE hydracn~oride is a persistent alpha­

blocking agent ~hich blocks the e~Gitatory r~sponse of 

smooth muscle to both no+adr~naline and aprenaline. It 

leaves the inhibitory responses intact. It inhibits the 

e~citatory response of exocrine glands, but not that of 

the myocardium to adqmaline and related compounds. 

Spinal reflexes and the thoracicolumbar sympathetic out­

flow are not affected. It does not block adrenergic med­

iators, or cause sywpathetic ganglionic blockade. The 

reactJon of smooth wuscle to non-sympathetic stimuli remain 

unaltered. 

Although the excitatory response of the myocardium remains 

unaltered, a fall in blood pressure resulting from phenoxy­

benzamine hydrochloride ~u~t not be countered with aq~enaline, 
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as a further fall in blood pressure may result due to 

adrenaline reversal. No marked fall in blood pressure 

should result from the administration of phenoxybenzamine 

hydrochloride except in cases of shock. In that case, 

copious fluid therapy should be instituted. Severe 

hypotension that does not re~pond to fluid therapy should 

be treated with·· va.sopress~ve agents. 

Under normovolaemic condition~, the injection of phenoxy­

benzamine hydrochloride causes little or no change in the 

blood pres$ure. It does, however, increase the blood 

flow in the peripheral circulation, in organs such as the 

kidney, and increases the cardiac output; i.e. in all cases 

where the·re is an adequate circulating volume. 

The value of phenoxybenzamine hydrochloride is for cases 

where there is persistent vasoconstriction whether in the 

peripheral circulation, the lung or the kidney. Such a 

constr~~tion may be due to inadequate circulatory volume. 

In many cases, however, and in most cases involving cap­

!-ure stress, the blood volume is adequate, and the cardiac 

0utput, at least initially, is sufficient. In spite of 

this, there appears to be a vasoconstriction, particularly 

a .renal vasoconstriction, due to reflex sympathetic nervous 

activity or sympathetic hyp~rtonus. As a result, the urine 

output is apparently decreased. In such cases, pheno-

xybenzarnine hydrochloride may be effective in inducing an 

adequate renal response. 
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PARENTROVITE AS A SUPPORTIVE THERAPY 

INTRODUCTION 

COMP~EX derivatives of the B· group of vitamins form co-

enzymes. In these, the vitamins bui~d up into various 

nucleotide-like structures. These act as poenzymes and 

play a very important part in the process of biological 

oxidation. Different enzyme systems mqy be perived from 

one and the same coenzyme that can react with different 

apoenzymes. In this way thiamine is phosphorylated Ln 

the tissues to yield thi~inepyrophosphate (TPP, cocarbo~ 

xylase}, whi~h can act as coenzyme with a different apo,­

enzyme. In thiamine deficiency, pyruvic ~nd lactic acid 

qccumulate in the body tissuas and fluids as they cannot be 

metabolised. Without TPP, an essential component of ·~.-h~ 

cJt.rlc acid cycle, the latter, or tricarboxylic acid cycle 

js unable to function. 

It may he pertinent to note that diets high in carbohydrates 

and low 1n fats are conducive tc t-hiamine deficiency. Fats 

are unlikely to be available as a dietary source on many 

types of grazing. 

'I'h1~m~ne has been -recommended as treatment for paralytic 

myoglob~nurea (azoturea) in horses and mules, together with 

supportive therapy (Bauch 1945, Stroup 1945). 

'Parentrovite' is composed of thiamine hydrochloride BP 
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35 mg; riboflavine 0,5 mg;· pyridoxine hydrochloride BP. 7 

mg, and nicoti~de 23 mg, for each millilitre, and was 

administe+eq at a rate of 20 ml for each animal, followed 

by the same dose three days later at tne first repeat 

sampling, each dose given i·ntramuscularly. Three animals 

were treated and tqree w~re used as controls. 

MATERIALS AND METHODS 

SIX tsessebe bulls were used, weighing 93 to 123 kg, with 

a mean weight of 105,5 kg. The¥ w~re subjected to forced 

exercise on a s~ecially constructed exercise track situated 

at Percy Fyfe as describe in Chapter Two, 'rhe animal~ 

were stressed individually at a mean speed av.eraging 22,2 

km/h for a distance of exactly two kilometres, the range 

of average speeds being from 17,27 km/h to 25,7 km/h. The 

procedure followed that described in Chapter Two. 

Measurements were taken together with blood samples for 

enzyme and blood metabolite determinations also described 

in Chapter Two. 

RESULTS 

CREATINE PHOSPHOKINASE 
--------- ------~-----

THE difference between the treated and untreated groups 

in respect of CPK was small (i.e. 140 and 160 mU/ml) and 

this figure in fact reflects the starting difference between 

the two groups. The time taken for all animals to reach 
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normal levels was almost identical, although tnere was a 

sharper fall in th~ treated group (Fig. 75). 

GLUTAMIC PYRUVIC TRANSAMINASE 

THE reaction to 'Parentrovite' as shown by GPT levels 

indicate no advantage from the therapy (Fig. 76). ln 

fact the GPT levels in the treated animals were slightly 

higher thp.n those in the untreateCi group. However, none 

of th~ animals showed marked rises in GPT~ the maximum 

level being 65 mU/ml, so that the difference is probably of 

no significance. 

GLUTAMIC 0XALOACETIC TRANSAMINASE 

THE starting ~oints of GOT levels were almost identical 

while the peaks show~d a marked difference, i.e, from 

155 in the treated group to 195 mU/ml in the untreated 

(Fig. 77) . The recovery of the treateo group was some-

what slower than than of the untreated group. There seems 

to be a considerab~e amount of discrepancy in the reactions 
I 

in respect of GOT to this treatment, and this is reflected 

in the ranges (Table 20}. 

LACTATE DEHYDROGENASE 

THE results wi~h regard to LDH appear to pe significant 

from the graph, although they are not statistically sig-

nificant. High mean levels exceeding 900 mU/ml in the 

untreated group compare wfth 416 mU/ml in the treated group 

one day after exercise, the latter commencing at a higper 
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Figure 75: Creatine phosphokinase levels in 
treated and untreated tsessebe after 
exercise. 
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.... ----

Figure 76: Glutamic pyruvic transaminase levels 
in treated and untreated tsessebe after 
exercise. 
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Figure 77: Glutamic oxaloacetic transaminase 
levels in treated and untreated 
tsessebe after exercise. 
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Table 20: Ranges of enzyme levels in tsessebe qfter exercise. 

X low high s 
X range 

after exercise 
GOT treated 79,67 61 106 19,15 

untreated 84,00 76 89 5,72 
GPT treated 20,67 15 30 6,65 

untreated 21,00 17 25 3', 27 
CPK treated 17,00 16 i9 1,41 

untreated 37,33 11 68 23,47 
LDH treated 458,33 376 529 63,00 

untreated 344,67 313 395 35,98 
15 minutes :eost exercise 
GOT treated 76,67 57 112 25,04 

untreated 72,67 59 91 13,47 
GPT treated 16,67 13 23 4,50 

untreated 15,33 11 21 4,19 
CPK treated 19,67 11 25 6,18 

untreated 36,67 11 54 18,52 
LDH t;.reate<I 425,00 407 445 15,58 

untreated 341,00 222 413 84,76 
1 dal Eost exercise 
GOT treated 123,00 98 159 26,09 -·-, 

untre~ted 130,33 45 173 60,34 
GPT treated 21,67 19 25 2,49 

untreated 28,33 18 42 10,08 
CPK treated 139,67 99 186 35,74 

untreated 158,67 32 236 90,29 
LDH treated 416,33 244 629 159,74 

untreated 916,67 620 1 447 375,88 
4 da~s Eost exercise 
GOT treated 155,67 15 240 100,12 

untreated 196,00 122 235 5~,35 

GPT - treated 50,00 29 64 15,12 
untreated 28,00 21 35 5,72 

CPK treated 42,33 20 68 19,74 
untreated 75,67 16 142 51,65 

LDH treated 515,33 360 770 181,52 
untreated 628,33 360 883 213,73 

37 da~s Eost exercise 
GOT treated 109,00 68 170 43,98 

untreated 75,00 68 85 7,26 
GPT treated 13,00 11 15 1,63 

untreated 14,33 13 15 0,94 
CPK treated 14,00 9 19 4,08 

untreated 6,00 2 13 4,97 
LDH treated 371,33 357 385 11,44 
..,.....-

untreated 392,33 284 470 78,97 

level. Recovery of these levels in the untr~ated group was 

slower. The ranges show Little diversion from the mean values 
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(Fig. 78). 

Differences between treated and untreated groups were 

compared statistically for each of the a~ove enzymes. The 

Wilcoxon matched pa~rs signed rank test was applied and the 

results were as follows (n = 5 in all cases): 

GOT: 

GPT: 

CPK: 

LD~: 

T(P,N) = 1, T(N,N) = 14 

T(P,N) = 8, T(N,N) = 7 

T(P,N) = 5, T(N,N) = 10 

T(P,N) = 6, T(N,N) = 9 

None of these results were statistically sign:i,.fic;:.ant. All 

points were taken into considerat~on, and not only the peak 

enzyme activity period which usually occu~s at seven days 

after exercise. The sample size was in each case too 

small to be subjected to meaningful statistical analysis. 

The graphs indicate GOT apd LDH to have the greatest diff­

erences between treated and untreate4 groups at the peak 

period, with negligible differences in the CPK and GpT 

values. 

ELECTROCARDIOGRAM 

ELECTROCARDIOGRAM results show no particular abnormalities 

relating to any one animal. All animals showed tachycarqia 

with a tendency to extrasystoles. High T-waves indicated 

a hyperkalaemia which was reflected in red discolouration 

of the serum indicating the presence of blood and muscle 

pigments. 
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HAEMATOCRIT 

ALL haematocrit values show some decline during the first 

15 minutes after capture, i.e. from approximately 50 to 

46 percent (Table 21). 

Table 21: Haematocrit values in tsessebe after forced 
exercise. 

animal no.~ 1t 2tt 3tt 4tt 5t 6t 

after 
capture 48 54 53 45 46 

15 min. 
later 48 45 50 42 

t treated 

tt untreated 

DISCUSSION 

DERIVATIVES from the B group of vitamines form co-enzymes 

which play an important part in the process of biological 

oxidisation such as the oxidative carboxylation of alpha-

keto acids such as pyruvic acid. When there is a deficiency 

of these co-enzymes, pyruvic and lactic acid accumulate in 

~.he body tissues and fluids while they cannot be metabolised. 

Deaths of wild animals during the acute stage of capture rnya-

pathy have been ascribed primarily to an accumulation of 

lactic acid and the effect of the resu+ting low pH on the 

heart and blood vessels (Chapter Four and Six) • On this 

basis the treatment of animals aft~r capture with those 
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factors likely to enhance the biological oxidati9n and 

breakdown of lactic and pyruvic acids would appear to be 

a rational therapy. 

The exercise on a track as described in Chapter Two (in 

contrast to capture in the wild) proved to be sub~lethal 

so that criteria other than survival had to be established 

to gauge the effect of therapy. ~aised values of the 

various enzymes such as L:PH and GPT have been described as 

occurring as ~ result of capture stress (Chapter Ten) , 

being generally accepted as reflecting damage to muscle, 

heart and parenchymatous organs, and the rise in enzymes 

such as C~K and LDH has been indicated (with potassium) 

as reflecting increased permeabil~ty of the cell ~embrane 

(Gericke and Hofmeyr 1976) . It seems therefore logical 

to accept that therapeutic interference that depresses the 

rise of such stress indicators is at least partially eff­

ective in countering the effects of stress and preventing 

capture myopathy. 

It should also be noted in the general context of the 

track experiments that a line of treatment that shows little 

effect on the results of a run under the conditions obtain­

ing on the exercise tr~ck may yet be effective under the 

mo.re strenuous and indeed lethal conditions in the wild. For 

instance, the animals treated in the Kruger National 

Park, the bicarbonate infusion made 100 percent difference 

between survival and death under these conditions, while 

at the lower hydrogen ton concentrations resulting from 
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a run on the track, both treated and untreated controls 

survived. 

HYDROCORTISONE 

INTRODUCTION 

313 

THE object of the tests was to exa~ipe the effect of the 

intravenous administration of a large dose of hydrocorti-

sone on exercise-induced stress. Hydrocortisone is not 

only recognised as an anti-stress remedy, but al~o as an 

agent effective in the relaxation of vasospasm. Synthe-

tic glucocorticoids have been established as effective in 

counteracting capture stress in sheep (Gericke and Hafrneyr 

1976). 

~ATERIALS AND METHODS 

EIGHT eland were available and were divided into two groups. 

The two groups acted alternately as controls. The one 

group was treated on the first run, and the other on the 

second run carried out about one month later. The method 

of chasing and sampling .is described in Chapter Two. 

RESULTS AND DISCUSSION 

HYDROCORTISONE therapy in eland was inconclusive. A corn-

parison of the results of the first run was as follows: 
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Figure 79 shows that the levels of enzymes in treated and 

untreated animals was virtually the same with the exception 

of GPT. Should these results and those obtained with B-

complex vitamins be reproducable then the apparent effect-

iveness with regard to GPT may be valuable. The B-eomplex 

appeard to be at least effective in respect of GPT so tpat 

the possibility may exist that treatment with the B-complex 

and hydrocortisone may complement each other. 

The results of enzyme estimations when a second run was 

made a month after the first, were strikingly different. 

Statistically the results are the following: 

GOT: t3 -= -8,1026*** 

GPT: t = -3,149* (nearer to **) 
3 

CPK: t3 = -14,101*** 

LDH: t 3 = -1,812 not significant at 10 percent 

The negative value indicates that the·second (treated) 

peak was lower than the first (untreated) peak. 

The results are further depicted in Fig. 80. Both 

statistically and as read from the graphs these results 

appear to be highly significant. As such they are per-

haps an excellent illustration of how misleading results 

can be, especially in the context of treating wild animals 

when the numbers available are usually few, and the con­

ditions seldom amenable to proper control tests, i.e. 

no group of eland was run twice without being treated at 

any time. 
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If we look at the results of the second group which was run 

on the same day, that.is t,he group which was treated at the 

time of the first run (broken line in Fig. 79) and not 

treated after the second run a month later (Fig. 81) the 

results are seen to be not markedly different from those 

of the first group which was originally untreated, and 

treated at the time of the second run. 

results were as follows: 

GOT: t3 = -4,1687** 

GPT: t3 = -2,505* 

CPK: t 
3 

= -9,558*** 

LDH: t = -4,218** 
3 

Statistically the 

The negative value indicates that the second (untreated) 

peak was lower than the first (treated) peak. 

Clearly there is a factor involved here that is considerably 

more effective than that of hydrocortisone therapy (see 

below) . 

PREVENTATIVE MEASURES 

INTRODUCTION 

THE pi·inciple of training as a means of adapting muscles 

and the general constitution to locomotory stress is gen-

erally acc"epted. The different levels of lactate, pyruvate 

and hydrogen ion concentration in the blood of horses at 

different levels of training was established by Engelhardt, 

Hornicke, Ehrlein and Schmidt (1973). Lactate and pyruvate 
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concentrations and ATP, etc. have been determined in re"T 

lat.ion to age and training in standardbred horses by Lind,... 

holm and Piehl (1974), and the physiological and biochemical 

response of standardbred horses to exercise has been inves­

tigated by Lindholm and· Saltin (1974) who established that 

glycogen utilisation ~as most intensive during the first 

few work bouts. Holloszy (1967) has established that tra­

ining doubled the capacity of the mitrochondria to oxidise 

pyruvate. Changes in activity of muscle-specific enzymes 

(such as CPK) was related to training in thoroughbred horses 

by Riethmuller and Wels (1972) . 

MATERIALS AND METHODS 

FouR black wildebeest bulls kept in one of a series of 25 

ha paddocks were driven with the use of one truck and a 

dozen helpers on foot (Chapter Two) . 

The capture corral was constructed of varying lengths of 

plastic polypropylene sheeting 1,5 m high using poles and 

wire for support. The animals were driven through part 

of the structure which was erected in the paddock early 

in each month. Samples were taken only at the final run 

each month when actual capture took place. Peripheral 

blood samples only were taken, the original object of the 

monthly capture being blood analysis for mineral content. 
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RESULTS 

THE first capture, performed without preliminary training, 

result.ed in the death of two out of the four wildebeest, 

one at least partly from injury. No further deaths 

occurred during the remaining six months of the experiment. 

The blood samples collected from the four animals at the 

first capture in May showed-darkly discoloured plasma. 

The plasma samples on the subsequent run showed only spor­

adic light discolouration, after which no frank discolour­

ation of the plasma occurred. 

DISCUSSION 

LOCOMOTORY stress, induced without preliminary training, 

results in high blood enzyme levels which take several 

weeks to decline, the release of blood and muscle pigments 

into the plasma, and often considerable mortality. 

The eland experiment, and to a lesser extent those carried 

out on zebra, showed that enzyme levels during a later or 

subsequent chase are mostly only a fraction of the origina_l 

values. Eland could not be run on a monthly basis for 

test purposes as enzyme levels soon became negligible. 

Discolouration of the blood plasma with blood and muscle 

pigments has been shown to develop progressively in relation 

t.o the distance covered (see experiments on blesbok) . 
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They were also found in captive sable after a short period 

of intensive muscular strain. The +elease of myoglobin 

has been shown to occur from exercise which is unusual ra­

ther than excessive, such as after only fifty squat jumps 

in marine recruits, who were able to perform many times 

this number of squat jumps during the subsequent training 

period (Chapter Nine). Similarly red discolouration of 

the plasma in the wildebeest was seen mainly after the 

first run, and not in later runs at monthly intervals with 

gentle semi-monthly runs in between. 

The principle whereby animals are exercised, and familiar­

ised with the capture structure affects the capture proce­

dure in three principal ways~ 

(a) Training resulted in reduction of potentially 

lethal glycogen stores, and reduced liberation of blood and 

muscle pigments which cause nephrosis and death from renal 

failure, and high potassium levels with deleterious cardiac 

effects. 

(b) Taming - the familiarisation by the animals 

~o the wings (and later also the neck) of the corral system 

appeared to reduce fBar and therefore adrenaline secretion. 

Sympathetic discharge increases glycolysis,induces vasospasm 

and excessive flight reaction, so !ncreasing the danger of 

shock and trauma. 

(c) Tempo - there is a reduced speed of chasing 

afte.r accl.Lrnatisation of the animals to the capture corral. 

They are accustomed to running through the wings and neck 

which they undertake more readily while they are able to see 
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open veld and bush on the far side, and the structure is 

in their vicinity for several weeks so that they may in 

fact graze in the wings. It is related (McDonaldt) how 

an entire day spent in fruitless efforts to drive a herd 

of blue wildebeest into a corral, ende9 in the animals 

entering of their own accord to seek shelter from cold 

winds during the night. 

This method involving the prior training of animals before 

capture appears clearly applicable to the Transvaal provin-

cial reserves where the animals are kept in restricted 

surroundings. The tests reported here indicate tnat the 

use of this method should result in considerable saving of 

animal lives from accidents, capture myopathy, and probably 

from sympathetic hypertonus after capt~re. It enables the 

improved techniques using corrals constructed from hessian 

or polypropylene fibre to be used instead of nets, and enables 

the animals to be rested in corrals immediately on capture 

instead of bei.ng handled in nets and subjected to stresses 

of close confinement. Lastly the method of driving into 

cor.rals enables family units to be captured and moved with 

reduction of fighting, stress, and more ready adaptation 

to new surroundings after relocation. 

t 
R. McDonald, formerley ~ofessional Officer at S.A. Lombard Nature Reserve. 
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CHAPTER .. SIXTEEN 

GENERAL DISCUSSION 

CAPTURE MYOPATHY AND SHOCK 

CAPTURE myopathy and shock have certain features in common, 

even during the early stages of the former. Furthermore, 

untreated or lethal capture stress will inevitably manifest 

all the clinical signs of shock during the final phases 

prior to death. Since shock may arise from a number of 

causes unrelated to capture stress, it is important to be 

able to differentiate between the two, particularly during 

the early phases, when treatment is likely tq be eff~ctive. 

Shock is usually described as a syndrome including cardio­

vascular disturbances that, unless treated in the early 

stages, rapidly becomes irreversible, leading to peripheral 

circulatory failure, stagnant·and anoxaemic anoxia, lack of 

venous return, cent.ral anoxia, coma, respiratory failure 

and death.. It may be induced in a large number of ways, 

such as by repeated small haemorrhages, extensive bruising 

of tissues, tourniquets, cooling of the abdominal cavity, 

and reduction of the blood pressure by histamine or by other 

meanso Shock is associated with persistenthypotension, 

while hypotension maintained for a period of two to three 

hours will produce shock that will result in death if left 

untreated. 

323 
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In considering the effects of exercise or capture, a number 

of subsidiary factors should be considered that are likely 

to contribute to the stress condition. Among these are 

psychological stresses due to anxiety or fear, abnormal 

posture during restraint and the effects of tying the legs, 

overheating and bloating due to restraint, and the effects 

of any drugs that may be used. These subsidiary factors in 

themselves will affect the cardiovascular, respiratory, and 

thermoregulatory mechanisms and thus contribute to the state 

of stress or damage, especially when the thermoregulatory 

mechanisms are disrupted by drugs, autonomic responses are 

exhausted by fear, transudation of blood results from trauma, 

bloat from abnormal posture affects respiration, and physi­

cal rupture of muscle fibres has occurred. 

Where care is taken to ensure that the impact of these sub­

sidiary .factors is kept to the minimum, the chances of re­

covery .from the principal stresses due to actual capture 

a.re j mproved, 

CAUSES 

UNDER c.::tpture conditions, shock may eventuate from a number 

of causes such as: Idiosyncratic reaction to injected com­

pounds or anaphylaxis; overdosage of capture drugs leading 

to card.iovascular derangements; massive adrenaline output; 

extensive bruising or rupture of muscle fibres; anoxaemia 

due to hypoventilation; hyperthermia; nervous exhaustion, 

also more general causes such as adrenal exhaustion and endo-
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~oxins from bacterial multiplication. Shock in wild ani­

mals may be caused by haemorrhage, especially haemorrhage 

into the tissues from trauma, from the toxins of infections, 

from .incorrect dosage with capture drugs, and from large 

doses of analeptics or adrenaline, from bone fractures or 

dystokia, or .from intestinal obstruction or malfunction. 

DIFFERENTIAL DIAGNOSIS 

DIAGNOSIS of disease in the wild animal is notoriously 

d1.fficult. Not only are t.he symptoms associated with 

specific conditions seldom exhibited, but the animals cannot 

be approached for reading of pulse pressure or rate, or for 

temperature measurements, and for blood or urine samples 

which cannot be taken without risk of precipitating the 

disease condition, or the danger of causing death from trauma. 

The general clinical signs of shock, insofar as these may 

be ascertained in the captive wild animal, are cyanosis, 

coolness of the extremities and narrowed pulse pressure. 

There is also oliguria or anuria. 

PRINCIPAL TYPES OF SHOCK 

THE physiological mechanisms of principal types of shock, 

derived mainly from experimental work on dogs, have been 

summa.rised by Lillehei, Longerbeam, Bloch and Manax (1964), 

whose classification of the different forms of shock is 

followed here. These authors point out that irreversible 
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shock results from irreversible ischaemia or anoxic changes 

in one or more organ systems of the body. 

1. (ARDIOGENIC SHOCK 

THIS 1s the type of shock described principally in man as a 

result of myocard1al infarction. This can be duplicated 

experimentally 1n dogs with s.imi.lar resultant clinical symp-

t.oms. Cardiac output is decreased, and there is a steep 

increase in the total peripheral resistance, metabolic acid­

osis and a decreased venous return (Richardson 1963) . The 

acidosis and increased peripheral resistance are, however, 

secondary to the cardiac catastrophe. In acute capture 

stress ther:e is reduction in cardiac output, an increase in 

the resistance of the pulmonary circulation, and a fall in 

systemic pressure. These are not due primarily to cardiac 

failure, and the various parameters return to normal levels 

when the acidaemia is rectifiedo The cardiac dysfunction 

is due to the acidaemia .in this case, although the acidaemia 

is inevitably exacerbated by the reduced cardiac output. 

It is clear therefore, that although the symptoms are sim­

ilar, and 1£ left untreated the course of events in capture 

stress will be the same as that of cardiogenic shock, cardiac 

failure is rarely the primary cause. As a result, the con­

dition of capture stress may be rectified if the pH is art­

ificially restored so that the normal heart action is re-est­

ablished, and the increase in vascular resistance reduced to 

normal levels. Th1s results in an increased venous return, 

normalisation of tissue perfus1.on, and relief of peripheral 
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vascular disturbance. 

2. HAEMORRHAGIC SHOCK 

THIS is induced by bleeding dogs for a few minutes to reach 

a blood pressure level of 35 mm Hg, with small amounts of 

blood collected over the subsequent hour. 

Symptoms are hyperkalaeroLa and acidaemia. The blood press-

ure returns to near normal levels after infusion, but this 

level is not maintained" The cardiac output is lowered 

due firstly to the increase in peripheral resistance, but 

then also to the fall in blood pH. The blood flow to the 

kidney and liver has been shown to be decreased to a greater 

extent th~n the blood flow to other organs, the heart and 

brain receiving a larger share of the reduced circulation 

(Lillehei, Longerbeam, Bloch, and Manax 1963). Ouring this 

st,age the haematocrit rises and the, blood volume is decreased 

due to loss of plasma from the hypo-circulation. 

Later on, whole blood is also lost. This occurs as a 

haemorrhagic suffusion of the mucosa of the bowel which 

leads to necrosis, also of the liver and kidneys. The red 

cells return to the circulation through denuded areas of the 

intestinal tract to appear as plasma-haemoglobin (Lillehei 

1958). 

The presence of pigments is seen in stressed animals. In 

these, however, the discolouration of the plasma is at least 

partly due to myoglobin. The systemic blood pressure is 
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_only sl.ightly depressed, and the acidosis tends to induce 

an 1ntense tachycardia. Blood volume determinations show 

a reduced circulat.ing volume. The haematocri t shows vari­

ations rather than· a rise, as it tends to be raised at the 

orlset 1 drops during- the· subsequent hours, and then rises 

after :infus1on (Chapter Eight) 1 the results of infusion in 

capture stress are likely to be permanent with a restorat­

ion of normal functions. In haemorrhagic shock, the impr­

ovement after infusion is temporary. 

3. ENDOTOXIN SHOCK 

THIS condition is due to the endotoxins found in the cell 

walls of gram-negative bacteria which have a sympathetic 

action causing intense vasospasm in arteries and veins. 

This type of shock resembles certain manifestations of cap­

ture stress more closely in that no blood has been abstrac­

ted from the circulation 8 and as the main cause of the shock 

is vasospasm. The injecti.on of the endotoxin, a complex 

glycopolysacchar.1de causes blood pressure to fall transient­

ly as a result of hepatic venous constriction in turn due 

to histamine release (MacLean and Weil 1956). 

Here also there is vasoconstriction in various parts of the 

body, particularly in the splanchnic area, followed by a 

progressive dilatation of the arterioles and venules and 

congestion of the capillary beds (Zweifach 1961) . Event­

ually there is t1ssue degeneration and necrosis due to stag­

nant anoxia. 
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The symptoms are progressively increasing plasma haemoglob­

ino This contrasts with anl.mals in capture stress where 

the red discolourat:ion of the·plasma tends to fall as the 

small molecules of the myoglobin are excreted, depending on 

the degree of stress and possible oliguria. The hypotension 

is caused prima.rily by t.he loss of plasma fluid into the 

tissues, rather than from a primary reduced cardiac output 

due to low blood pH and pulmonary vasoconstriction. 

4o ADRENALINE SHOCK 

IT has long been established that prolonged infusion of 

adrenaline can by itself cause fatal shock in the dog. The 

amount infused is large, and in the order of 17 ~g per kg 

per minute over 90 minutes (L.illehei and MacLean 1959). 

This technique produces an intense ischaemic anoxia which 

is eventually followed by congestion and stagnation. The 

pattern of symptoms is similar to those of the other types 

of shock described, and also the autopsy findings with severe 

congestive changes in kidneys, liver and intestinesa 

Our infusions of adrenall.ne did not lead to shock but were 

of a very much smaller order, namely 20 gamma per kg per 

hour. This quantity of adrenaline is certain to be far 

less than that secreted by the animal under conditions of 

stress, and it did not result in a marked rise in the systemic 

blood pressure, but did apparently affect the kidneys. The 

infusion of adrenaline into dogs caused a fall in blood pH, 

and a rise in blood potassium, also evident in our infused 

animalsa The correction of the blood pH and the electrolyte 
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shifts and the eventual blood volume deficits made no diff­

erence to the fatal course of the experiments in dogs. One 

of our animals was lost subsequent to adrenaline infusion 

and when the potassium rose to a particularly high level. 

The kidney showed congestion with tubular accretions of pig­

ments. 

PROGRESSIVE STAGES IN CAPTURE MYOPATHY 

ANIMALS that succumb to capture myopathy eventually die of 

shock. When the blood pressure falls to shock levels, 

ie. about 70 systolic, then death from shock will occur 

irrespective of the origin of the hypotension. Soon, about 

two to three hours after the commencement of hypotension, 

there will be a progressive reduction of venous return due 

to capillary damage and loss of vasomotor control. The 

haematocrit rises due to the escape of plasma from the blood, 

again due to increase in the capillary permeability and 

consequent loss of serum albumin. Increased blood viscosity 

increases circulation time, thereby decreasing the oxygen 

content, thus causing further capillary damage and further 

loss of blood pressure. Eventually the oxygen carried by 

the blood falls to levels that are incompatible with central 

nervous function, and the vital functions such as respiration 

fai~l. 
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VASOSPASM 

THREE findings indicat.e the presence of vasospasm in cap-

tured animals o Firstly the rise in blood urea nitrogen, 

urea and creatinine, ·together with deaths of animals from 

apparent renal failure, secondly, the rise in pulmonary 

arterial pressure, and thirdly, the low pH and P0 2 and 

the high PC0
2 

in capillary blood. 

The renal vasoconstriction may be duplicated by exogenously 

administered catecholamines and presumably is equally prone 

to occur from endogenously produced products of sympathetic 

hypertonus. Infusion of adrenaline did not, in the quan­

tity administered, produce marked change in the pulmonary 

arterial pressure (Chapter Six), although the pulmonary 

vessels are believed to fall under the control of the symp-

a~hetic nervous system (Fishman 1964). The rates of in£-

usion used were sufficient to induce apparent renal vaso­

spasm manifested by a. r.ise in the blood levels of urea, 

blood urea nitrogen and creatinine. 

Animals suffering from capture stress enter into states of 

shock with symptoms predominantly of pulmonary oedema (acute) 

or renal failure (delayed) without marked prodromal symptoms 

of low blood pressure. These results confirm the experience 

in clin1.cal human med.~cine that blood flow rather than blood 

pressure is the key to the maintenance of circulatory integrity 

(Shoemaker and Brown 1971) although historically, hypotension 

has been considered the major clinical sign of the advent of 
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an irreversible circulatory state leading inevitably to 

shock, coma and death. Therapies that have relied on vase-

pressor agents for maintaining the blood pressure have had 

little or negative success, as blood pressure maintained 

in this way is done at the expense of blood flow to vital 

parenchymatous organs and the alimentary tract. When this 

is done, the subject will suffer a precipitate and irrever­

sible fall in the blood pressure when eventually the anoxia 

and an accumulation o£. t~ssue metabolites destroy the inte­

grity of the closed blood vessels, or eventually die of ren­

al failure, due to degenerative changes in the renal tubular 

apparatus. It has been,pointed out the vasoconstriction 

does not occur uniformly throughout the vascular tree, and 

that rather unequal constriction produces maldistribution of 

both blood volume and blood flow among organs as well as 

within organs (Shoemaker 1967). 

The constriction of parts of the vascular system under the 

effect of sympathetic nervous impulses is well-known and is 

responsible for familiar phenomena such as the rise in blood 

pressure and blanching of the skin on injection of adrena­

line and noradrenaline. Similar results may be obtained 

by chemoreceptor stimulation (Kahler, Goldblatt and Braun­

wald 1962, Rudolph and Auld 1960)o Venospasm may also be 

induced by injection of histamlne (Hinshaw, Vick, Jordan and 

Wittners 1962, Graham and Lewis 1953). 

Among the vessels that constrict under the influence of 

sympathetic nerves are the pulmonary veins (Eliakim and 
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Avi.ado 1961) . This constriction of pulmonary veins under 

strong continuous adrenergic tonus, is likely to lead to 

pulmonary oedemao The pulmonary vasoconstriction in part-

icular is mediated by alpha receptors, at least under 

certain experimental conditions (Stern and Braun 1966). 

The fact that we were able to alleviate such vasoconstriction 

of the pulmonary vessels by restoring a near normal blood 

pH condition (Chapter Six). suggests that the constriction 

is likely to have been mediated in the first place through 

chemo-receptors and in the second by sympathetic nervous 

reflexes. A direct effect of the low pH, especially in 

pulmonary arterial constriction cannot be excluded. 

At one time hypotension and shock were considered virtually 

synonymous. Hypotension inevitably led to shock, while 

death from shock was preceeded by hypotension. However, 

it is more often the cause of the shock that is responsible 

for hypotension, such as trauma with interstitial fluid 

loss, cardiac failure, or loss of blood. Later it was 

real.ised that shock may exist together with a normal or 

even an elevated blood pressure. Conversely, a low blood 

pressure may exist in cases where there is no shock. The 

latter usually exhibit a wider pulse pressure and warm, 

dry skin and extremities (Page 1961). 

Shock is engendered by an insufficiency of blood flow leading 

t.o 1r.repa.rable dysfunct.ion in certain areas or organs, rather 

than a low blood pressure. These areas can be classed key 

vascular beds that are primarily involved in the vasoconstr-
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ict.or response (Nickerson and Gourzis 1962). 

The contJ.nued blood flow in these vital areas is the major 

determinant of survival in shock, and the maintenance of 

the blood··pressure may-, in fact, be deleterious if it is 

achieved by vasoconstriction and further reduction of 

blood flow through essential organs. Vasoconstriction 

in organs· such as the lung and kidney occurs in stressed 

animals whl.ch exhibited little or no change in the syqtem­

ic blood pressureo Thus the rise of blood pressure of 

the pulmonary artery leads to death from pulmonary oedema 

in untreated zebra, and the infusion of adrenaline in 

sable antelope caused reduced renal function and death app­

arently from renal failure. 

The secretion of large amounts of sympathomimetic amines 

under condition of intensive exercise and fear is generally 

accepted as .is the fact that these substances can cause 

changes in the calibre of blood vessels. The action on 

the blood vessels is direct and no intermedic;:J.ry intact neriVe 

supply is required. Other factors appear to play a part. 

Experiments on dogs where the blood flow in the hind limb 

was measured during haemorrhage and shock indicated that an 

inJ.tial. reduced hind limb vascular conductance occurring 

during haemorrhage could be ascribed to stimulation of 

alpha receptors, but a later reduced conductance after re­

infusion of the abstracted blood could not be so ascribed 

and was therefore thought to be due to other factors (Hal­

magyi, Goodman and Neering 1969). 
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Shock may be readily :induced by the administration of both 

h1stami.ne and endotoxin, the first only resulting in an 

immediate a.nd prec·ipi tate ~fall in blood pressure. Haemo-

dynamic changes that occur :in endotoxin shock are a rise in 

the portal· vein pressure, a· pooling of blood, a reduction 

in cardiac output and a decline· in arterial systemic blood 

pressure (Halmagyi, Starzecki and Horner 1965). The rise 

in the portal pressure. (and therefore the reduced venous 

return to the heart and pooling of blood) caused by hista­

mine could be prevented by alpha-blockade of the histamine 

constrictor action on the hepatic venous system (Brake, 

Emerson, Wittmers and Hinshaw 1964). 

A similar action obtains against the histamine released 

by endotoxin at the site of the hepatic vein, although the 

effect of this histamine on the peripheral circulation 

appears to be counteracted by the action of constrictor 

agents also released by the endotoxin (Lillehei and MacLean 

19 s9 r 0 

Reduction of vasoconstriction as a factor for survival, if 

carried out shortly after the loss of blood, was demonstra­

ted during experiment.s on dogs. A significant fact was that 

the blockade of alpha rE!ceptors alone had no survival value 

under the circumstances of the experiments. The dilated 

blood vessels have a large capacitance so that to constitute 

an effect1ve factor .for survival, the alpha blockade must be 

accompanied by .fluid replacement (Lotz, Beck and Stevenson 

1955). 
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The constr1ct1on was ascr1bed to a short period of warm 

ischaem:.;.;;. wh1.le the renal vessels were clamped p.r~or to 

removal.. When exci s1on o.::curred WJ. thout clamp1ng of the 

.renal vessels the ktdneys were capable of life-susta1ning 

hmct1on (Frost, Ackermann, Tyree Finch and Manlove 1970). 

Th~se trials suggest that an ischaemia may in itself induce 

vasoconstr1ction in the renal vessels which then prevents 

perfusion and in turn results in tissue necrosis, 

The state of the blood vessels in skeletal muscle under 

stress cond1tions 1s uncertain. The arterial conductance 

Ln ~he hind 11mb of dogs remained unchanged during haemorrhage 

IHalmagyi et al 1969), whlle intra-arterial alpha blockade 

of ~he forearm after noradrenal1ne Infusion 1nduced an 

:..ncrease in flow of 90 percent in the treated limb, an lnc­

~ease comparable to that resulting 1n blockade of the deep 

nerve of the forearm (Allwood and G1nsburg l96li. Th1s 

1n=rease 1n conduc~ance Wds ascrtbed to the blockage of 

sympathetJ.c vasoconstrictor responses and not to vasod.1lator 

~-t~Sp)n<;es; the response o.f the vessels to the limb having 

both dilator and :::onstr1ctor components, although the respon-

se '.:.> r:o1 adrena llne 1s purely va.soconstr ictor. Vasoconstr,i. ... 

ct1on has been shown to occur as a result of a fall in sys­

temic blood pressure (Bowman 1959). 

The deg.cee of vasoconstrlction 1n the limbs of our stre$sed 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



337 

animals is not·known, or if such constriction was general 

or local. The local .increase in acidity determined by pH 

probe tests in the legs of. zebra after forced exercise, 

indicates local increases in acidity which have been ascribed 

to accumulations of lactic acid. 

Such increases may be due to a decreased perfusion of that 

part of the limb as a result of vasoconstriction or through 

a lowered perfusion pressure. The tests were made at least 

15 minutes after the termination of forced exercise and 

could therefore not readily be related to a continuing build 

up of lactic acid. Residual muscle tension may, however, 

have played a role either in continuing production of lactate 

or in preventing a normal blood flow through certain areas of 

muscle tissue. It is. :tempting to assume that such local 

increases in lactic acid concentration occur during the 

actual chase with resultant mineralisation of muscle fibres. 

Also that such a loss of normal muscle fibre activity (and 

probably the ability to :relax) on a localised basis, is 

the cause of the ruptu.re of muscle fibres which has been 

observed on the past mortem examination in animals that. have 

died after locomotory stress. 

ADRENALINE EFFECTS 

INTRODUCTION 

UNDER normal circumstances adrenaline exerts a positive 
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inotropic effect on cardiac muscle, and dilates blood 

vessels in those parts of the body associated with emerg­

ency action. It is genera.l.ly accepted that under stress 

conditions when the internal environment of the body is 

radi.cally altered 8 these e£fects of adrenaline may be 

prevent.ed or may be deleterious. These conditions are 

broadly: 

(a) When the normal effect of adrenaline is mediated 

through factors that cannot operate under the prevailing 

conditions; 

(b) when the effects of adrenaline are excessive and 

therefore counter-productive, and 

(c) when the effects of adrenaline are unduly pro­

longed due to unnatural circumstances and become harmful. 

These groupings will be discussed below. In this discuss-

ion the term adrenaline will be used in a broad sense incl­

uding sympathetic effects in general, whether mediated thr­

ough the adrenal medulla or through discharge of the sympa­

thetic nerve endings. 

CARDIAc MuscuLATURE 

THE effect of adrenaline on the cardiac musculature, part­

lcularly that of the ven.tricular muscle fibres, is believed 

to be mediated by cyclic AMP (Tsien and Weingart 1974). 

While it is unlikely that this :represents all aspects of 

adrenaline effect, it does indicate that the mechanism is 

associated with the highly complicated energy cycles that 
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are involved in muscle contraction and energy flows, which 

are regarded as highly susceptible to changes in the homeo­

stasis of the internal env1ronment. 

Tbe heart·rate 8 · under t.he conditions of acute stress and 

low pH, is excessively h.Lgh. The rate is clearly too high 

to permit adequate d1astolic filling. At the same time, 

and perhaps paradoxica.Lly, cardiac dilatation does occur 

especially in zebra. This has been determined by auscul­

tation and established at autopsy. 

The classic experiments on the perfused heart indicates 

that the heart stops suddenly when the pH falls below 

levels approximately 6,4 and is already impaired at a pH 

below 7,0. It seems probable that the inotropic effect 

of adrenaline on cardiac musculature fails when the pH of 

the blood is reduced for reasons similar to the failure 

of normal mechanisms in relation to skeletal muscle at low 

pHN for the .reasons already discussedo These are the 

abrogation of normal enzyme mechanisms by either the· direct 

effect of pH change on enzymal or other mechanisms or the 

indirect effect medl.ated by the immobilisation of calcium 

ions. The effect of excessively high potassium {normal 

about 3,5 to 5 m-equiv./1) causes cardiac abnormalities 

which are, 1n fact, similar to those of low calcium (mainly 

a prolonged QT-interval in the electrocardiogram tracing -

Chapter F1ve) • It is possible that the high blood potassium, 

under cond1tions of intravascular haemolysis demonstrated as 

occurring in our experimental animals, has effects that are 
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additive to the caLcium effects. Under these conditions 

it is unlikely that adrenaline can have any salutary effect 

on cardiac function. o:r that the inotropic adrenaline effect 

remalns operative . 

VASOSPASM 

THE vasoconstriction induced by adrenaline is valuable under 

acute conditions to render the circulatory blood available 

to the skeletal musculatu-re and the brain. These conditions 

obtain under emergency ci.rcumstances" The operative 

mechanisms are well known, and are mainly concerned with the 

reduction of blood flow to the vegetative organs of the body, 

the splanchnic region, the kidney, with concommitant vaso­

dilation in skeletal muscle areas. The sympathetic mech­

anisms appear to be highly developed in wild animals which 

are attuned to prodigious and maximum short-term efforts 

to escape predators. This is virtually an all or none 

response when the body .Ls all but sacrificed in an effort 

to escape. The sympathetic discharge clearly has survi-

val under these circumstances. Escape from predation is a 

short-term affair. The. lion or leopard either makes a 

successful foray or its prey escapes. There is little 

surv~val value in graduating the prey response; the animal 

is prepared to put. everything into the physiological scales 

to escape Hunting dogs and hyaena operate in a different 

way, although it appears that 1n any case the hunted animal 

usually succumbs and 1s killed. A highly interesting obser-

vat.ion has been made (Jack Hopcraft, Athi River). On a 
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farm in East Africa, when Thompson gazelle were seen to 

escape from a chase by cheetah, a gazelle - presumed the 

one chased - was usually found dead on the following day. 

DELETERIOUS EFFECTS 

UNDER the extended unnatural circumstances of conventional 

animal capture delete.rious results occur. Even in the rela­

tively short chases by helicopter for remote injections, the 

effect.s of adrenaline are prolonged well beyond normal cir-

cumstances and in th.is context excessive. These deleter-

ious effects may be summarised as follows:-

(a) Intensive vasoconstridtion of regions of the body 

resulting in accumulation of metabolites and vascular damage. 

(b) Reduced blood flow to parenchymatous organs such 

as the liver, abrogating important liver action. Reduct­

ion in perfusion pressure to organs such as liver and kidney 

resulting in cellular necrosis. 

(c) Excessive glycolysis under relatively anaerobic 

conditions causing accumulat1on of lactate-pyru\ateand a 

fall in pH. 

SEQUESTRATION 

OuR own experiments including haematocrit studies, P0
2 

and 

PC0 2 measurem~nts before and after infusion and blood volume 

estimations ind.Lcat.e that large sections of the body are 

sequestrated from the normal circulation. (This is both 

a direct adrenaline vasoconstriction effect, and an indirect 
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one resulting from a reduction in cardiac output through 

the action of low pH and high potassium on the heart,and 

therefore an action comparable to that of reduced blood 

volume and ultimately a rise 1n the haematocrit in 

haernorhhage.) As demonstrated in Chapter Fifteen and 

Chapter Four, the result_ of restoration of the blood pH 

by infusion results in lowering of the central blood carbon 

dioxide, raising of the haemtocrit and increase in blood 

volume greater than that of the fluid adoed. These para­

doxical effects are the result of the re-establishment of 

a previously curtailed circulation and therefore may be 

regarded as the reversal of adrenaline effects. The 

sequestration of parts of the circulation, particularly 

on a relatively long term basis in captured animals appears 

to be a factor in causing ultimately irreversible damage 

to blood vessels, muscle cells, parenchymatous organs and 

the kidney" 

DAMAGE To BLOOD VESSELS 

THE damage to blood vessels results progressively in in­

creased cap.illary permeability, loss of circulating fluid, 

reduced circulatory volume, vasodilation with lowering of 

blood pressure, regional anoxia, central anoxia, loss of 

vasomotor control, coma and death. This i~ likely to be 

the sequence of mechanisms leading to death in animals that 

die one to 24 hours after capture. 
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DAMAGE To MuscLE CELLS 

DAMAGE to muscle cells in the stressed animals has been 

shown to result in the following: Muscle spasm, torticollis, 

lameness or 1 tetraplegi,a 1 , prostration, liberation of myo­

globin into the circulation, rupture of mus9le fibres, hae­

matoma formation, pain, swelling, loss of circulating fluid, 

death from indirect causes associated with rec~ency and/ 

or renal failure· 

DAMAGE To KIDNEYS 

KIDNEY damage occurs from a combination of causes involving 

a reduction in blood supply and accumulation of solid material 

in the tubules. The lowered perfusion pressure in itself 

may cause tubular necrosis. A lowered perfusion pressure 

also appears to facilitate the blockage of ~idney tubules 

with haemoglobin and myoglobin. It mqy be assumed that 

the high death rate in animals with symptoms of tubular 

damage may be ascribed to the fact that quantities of these 

products which could be eliminated by the healthy body, 

cause renal failure when the kidney is not fully functional 

due to: Damage to kidney tubules from greatly reduced blood 

supply; sub-optimal function due to reduced blood supply; 

specific action on the kidney through vasoconstriction or the 

effects of metabolites, and vasoconstriction due to the 

effects of adrenaline (see experiments with sable antelope), 

and precipitation of blood and muscle pigments by acid con­

ditions. 
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The kidneys of stressed animals show a combination of tubular 

necrosis, tubular degeneration, and blockage by casts of iron­

containing· pigment. The renal failure complex undoubtedly 

plays a part in deaths that occur during the sub-acute phase 

of capture· myopathy; which may last for sever~l weeks. 

ANXIETY AND. CHRONIC ADRENALINe EFFECTS 

W 1 LD animals die in capti v.ity when the conditions of cap­

ture have apparently been optimal, i.e. capture stress has 

been kept to a very low level. Deaths appear to be due 

to an anxiety syndrome or from so-called nervous exhaustion 

or nervous stress. Various causative factors have been 

postulated to account for these phenomena ~ncluding the 

effects of increased muscle tension, hyperventilation and 

adrenal exhaustion. 

A useful comparison may be made of this condition with the 

so-called anxiety syndrome or anxiety neurosis in man, 

which has recently been recognised to affect clinically 

some 10 million Americans and is recognised as the under­

lying cause of the symptoms or complaints of between 10 to 

30 percent of the patients of most general practitioners. 

The symptoms of this condition are frighterling to the patient, 

are associated with inten~e fatigue andpalpitations, but 

until recently laboratory tests indicated no specific le­

sions or conditions (Pitts 1969). 

The general symptoms amongst those reported may be compared 
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(a) szmptoms in man and in animals - tachycardia, 

hyperphrenia, trembling, sweating, hyperkinesis, urinary 

frequency, anoxaemia,· diaxrhoea, vomiting. 

~) Symptoms in man - subjective symptoms in man are 

increased· reaction to noise, li.ght and heat. The extent 

to which these affect captive wild animals must remain 

speculative. Others include fatigue, vertigo, faintness 

and weakness, apprehension, headache, insomnia, unhappiness, 

fear of death, syncopy, trembling and chill. 

The condition in humans tends to effect more women than 

men, although a number of cases have been found amongst 

army recruits. There was inability to maintain muscular 

effort, an increased response to di~comfort, and respiratory 

response at increased levels of C0 2 was greater. They 

showed a more ready response in pulse and respiratory rates 

to muscular movement, and utilised inspired oxygen less 

efficiently. Perhaps most significantly they developed a 

higher lactate level in the blood. The rise in lactate 

seen in these patients per unit of work were similar to 

those found in patients with nervous debilitating conditions 

such as arteriosclerotic and rheumC~;tic heart disease (Pitts 1969). 

The conditions appear, in the first place, to be due to 

a continuously high liberation of adrenaline, which in turn 

chronically raised the blood lactate level. 
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SODIUM LACTATE 

A phenomenon of considerable interest is that the symptoms 

can be duplicated by the infusion of sodium lactate, in 

susceptible patients. These infusions of sodium lactate 

cause, inter aZia, tachycardia, and numbness and tingling of 

the skin. These symptoms are characteristic of a lack of 

calcium ions in the tissues. The symptoms lasted for 24 

hours after infusion and in some cases for several days. 

If calcium is added to the sodium lactate, these symptoms 

do not appear, suggesting the lactate lowered the available 

calcium ions in the body, 

These results suggest not only that intraveno~s sodium 

lactate (a sometime recommendation for cond~tions of cap­

ture stress) is harmful in that it tends to reduce ionised 

calcium, already in short. supply, they also suggest that 

the effect of adrenaline is also to reduc~ calcium avail­

ability. 

GLYCOGEN·-DEPLETION 

INTRODUCTION 

THERE is virtually no specific knowledge on the basic 

physiological mechanisms of muscle contraction in wilq 

animals. We must therefore, at ~his stage, presume that 

the activation o£ muscle fibres and the depletion of muscle 
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glycogen in relation to the work intensity, follows a pat­

tern which is very similar if not identical to that of man 

and the domestic animals. 

It has been established-·(chapter-Twelve) that at maximum 

muscle activity, lactic acid is liberated at a rate and 

an amount that may induce a potentially lethal fall. in pH. 

Conversely at sub-maximal effort, animals are capable of 

great stamina and prolonged periods of activity permitting 

ultimate survival. For example zebra were driven for 

approximately 30 km by helicopter in the Tirnbavati at sub­

maximal speeds without apparent ill effects (own observations). 

It has been established also that a total effort or maximal 

muscle activity is more dangerous when the animal is rested, 

and less dangerous when nearing exhaustion; assuming for this 

argument that in the latter case, the output of muscular 

effort is indeed as great as in the former, i.e. that the 

animal is not saving itself unduly due to the actual exhau­

stion; a further saving will occur as a result of exhaustion 

of the muscle tissue reserves (Chapter Twelve) . 

It must also be assumed that at maximal and supra-maximal 

work loads there is no material utilisation of energy sources 

other than muscle glycogen, such as blood glucose, plasma 

free-fatty~acids or intramuscular lipids. It is probable 

that these alternative energy sources are utilised during 

prolonged low-intensity exercise with compar~ble difference 

in metabolic end products under conditidns of hypoxia. 
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We are therefore dealing with muscle glycogen and with 

lactic acid as a product under predominantly anaerobic 

glycolysis. It would be valuable to know whether diff­

ering rates of glycolysis occur under varying conditions 

of exercise· other· than a proportionate increase in pro­

duction of lactate in relation to increased inactivity, 

or whether a relatively small extra effort can result in 

a proportionately much greater production of glycolysis 

with concommi tant lactic acid production and fall .in pH. 

SKELETAL MuscLE FIBRES 

IT is known that human skeletal muscle contains fibres of 

two major kinds. These fibres may be disting?ished on a 

histochemical basis according to differences in their myo­

fibrillar ATPase activity (Edstrom and Nystrom 1969, 

Gollnick, Armstrong, Saubert IV, Piehl and Saltin 1972). 

These two types of fibres have been designated as slow­

twitch and fast-twi t.ch. respeqtively (Gollnick et aZ 19 72) • 

It has been pointed out by Barnard, Edgerton, Furuwaka and 

Peter (1971) that contractile speed is closely related to 

myosin ATPase activity so the two types of fibres are 

readily distinguished, the slow fibres l:;>eipg characterised 

by heavy staining for oxidative capacity, and slight stai­

ning for glycolytic capacity. Conversely, the fast 

fibres have a low oxidative and high glycolytic capacity. 

The pattern of glycogen depletion in relation to differing 

degrees of exercise was examined by Gollnick, Piehl and 
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SAltin (1974), who noted that slow-twitch fibres were the 

first to become depleted of glycogen dqring submaximal 

exercise requiring loads of 60 to 80 percent of maximal 

o~ygen uptake. Eventually, the fast-twitch fibres also 

became depleted of glycogen. When the work load was 

increased to 150 percent of maximal oxygen uptake, the 

initial glycogen depletion was in the fast-twitch fibres 

(Gollnick, Armstrong, Sernbrowich, Shepherd and Saltin 

1973). 

These results suggest differing patterns of both oxygen 

and glycogen utilisation. Also differ~ng groups of motor 

fibres containing predominantly slow~ and fast-twitch 

fibres, the former being employed during relatively light 

exercise, and both being activated during heavy exercise. 

Since the fast-twitch fibres have a low oxidative and high 

glycolytic capacity, they are heavily involved under these 

circumstances when there is a higher energy consumption 

per unit of tension. We can therefore expect a far greater 

liberation of glycogen under circumstances of maximal and 

supramaximal effort. At the same time, the liberation 

will be under low oxidative conditions, with the maximal 

reliance on glycogen as muscle fuel in the fibres with the 

high ATPase activity. 

The experiments mentioned on human volunteers involved 

physical education students who were all presumably in a 

reasonable state of training and who performed daily exer-
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cise. Comparison to the horse suggests that a resting 

animal is far more likely to develop pathologica~ conditions 

associated with high ~ates of glyGolysis than those involved 

in daily exercise; hence the condition in horses of azotu­

rea or paralytic rnyoglobinurea, a spastic condition of the 

muscle fibres, develops during exercise aft~r resting on a 

full diet. 

FEAR 

THE experiments mentioned here were all performed by 

volunteers under laboratory conditions and therefore do 

not involve another and probably important element, i.e. 

that of fear. It has been frequently observed that wild 

animals will chase others of the same species for long 

periods of time at apparent maximal effort without obvious 

detrimental results. Graded exercise under laboratory 

conditions and even aggressive intraspecific behaviour is 

unlikely to simulate the type of effort expended by animals 

subjected to effort under maximal adrenergic discharge. 

Neither is the exercise unqer controlled conditions 

comparable to maximal effort under field conditions in that 

only certain muscle groups are involved, as dqring cycling, 

while precipitate flight probably involves every muscle group 

in the body on a continuous basis and with maximal contraction 

resulting in high energy consumption which does not increase 

linearly with increased tension, but is nearer geometric 

function (Goldspink, Larson and Davies 1970). 
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PATHOLOGY AND POST MORTEM CHANGES 

THE diagnosis of capture myopathy has rested largely on 

the appearance of areas of muscle fibres on autopsy. The 

muscle is pale with an·· altered appearance such as loss of 

cross striations. 

lemmal sheaths. 

There is degeneration of the sarco-

This picture, however, is also similar to tbat of so-cqlled 

pale, soft,exudative (PSE) pork which is essentially due to 

accelerated post mortem glycolysis in the musculature while 

the carcase is still warm after slaughter. The exudative 

condition rests on a poor water-binding ability of the 

carcase meat in turn due to protein degeneration present 

in the areas of pale muscle. This condition, in contrast 

to muscle dystrophy resulting on vitamin E deficiency, does 

not react to vitamin E and/or selenium therapy or prophyl­

axis in the living animal. 

These facts are high~y interesting in relation to true 

capture myopathy, especially in that the condition may occur 

without any muscle activity of the pig prior to slaughter 

and therefore are not a simple result of excessive muscular 

strain. The lesions in question may apparently be caused 

exclusiveijthrough the contraction of muscle in stress-sus­

ceptible pigs after or during slaughter. The causative 

factors appear to be active contraction of muscles just before 

or during death inducing a greatly accelerated glycolysis. 

The formation of lactic acid induces a fall in pH from 
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physiological levels to approximately 5,5 and this occurs 

normally over 12 hours. Under the conditions of sudden 

death this may take place within 30 or even within 10 

minutes" The exceptionally rapid production of lactic 

acid under these conditions, while the carcase is still 

warm induced a protein degeneration manifested in a pale 

and soft meat. This, on histologicql examination, shows 

a typical degenerative appearance already described as 

occurring in both capture myopathy, and in selenium 

nutritional muscular dystrophy or true white muscle disease. 

Particularly significant is the fact that the lesions are 

affected by the temperatu~e of the carcase. Delay in 

evisceration causes exacerbation of the condition as does 

warm environmental temperature and consequent delay in loss 

of body heat after death. All these factors tend to 

obtain under field condit~ons. 

Delay in loss of body heat, high body temperatures or 

raised temperatures during muscle contraction all tend to 

induce the pale muscle syndrome. This is in part due to 

the increased effect of lactic acid at high temperatures 

as mentioned above. But this is also due to a reduction 

of adenosine triple phosphate {ATP) used in muscle. Under 

normal conqit.ions ATP is qui.ckly resynthesised. Under 

conditions of anoxia such as that obtained during muscle 

contraction at the time of death or pre mortem conditions, 

ATP is not :resynthesised. The attenuation of ATP levels 

at high temperatures and low pH alter the normal actin-
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myosin filament structure of normal fibrils and formation 

of actinomycin (Lawrie 1966, Briskey 1964). This is 

largely the cause of the loss of cross striations usually 

mentioned as a typical phenomenon of capture myopathy. 

The contraction of the muscle is abnormal in that individual 

fibres tend to be more strongly contracted than other~, 

inducing a distortion of the. normal 'I' band structure. 

The sarcoplasmic structure becomes denaturated and is 

deposited on the structural proteins. There is a hydroly­

sis of the endomesium and loss of water-binding properties. 

The lesions become established only at the time of death 

and no evidence of muscle degeneration can be obtained 

from biopsy of the living stress-susceptible animals. It 

is therefore evident that the following factors which are 

in fact found in a high proportion of pigs killed with a 

captive bolt pistol as compared to those stunned electrically 

(Dreyer, Naude and Gouws 1972), have application to capture 

myopathy as diagnosed from necropsy. Assuming that these 

factors are not entirely restricted to pigs, the following 

may obtain under field conditions. 

(a) The lesions may not be entirely due to the cond­

itions pertaining at the time of death. 

(b) Relatively small degrees of activity just prior 

to death may induce lesions apparently identical to those 

of true muscular dystrophy. 

(c) The cooling of the carcase and time of eviscera­

tion have a marked effect on the incidence of muscle degen­

eration. 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



354 

(d) The picture of degenerate muscle fibres may be 

induced without any overstraining in the commonly accepteg 

sense of the word. 

(e) Actual exhaustion with depletion of muscle gly­

cogen causes a completely different post mortem picture to 

the pale muscle syndrome, the meat being dark and dry with 

a relatively high pH (Anonymous 1973). 

Further investigation of these phenomena in relation to 

their possible implication in a~topsies on captured wild 

animals may be valuable. Almost inevitably the body tern~ 

perature of the carcase is raised, the envir9nmental tem­

peratures high, the carcase left uneviscerated and unhung 

while it is transported - often over several hours ~n 

sunshine in an open truck - to an area suitable for 

autopsy. 

It is therefore apparent that reports of muscle degeneration 

based solely on the histological appearance of muscle fibres 

may be suspect, unless this is accompanied by a detailed 

report on the circumstances and manner of death, stating 

the environmental temperature, the post mortem handling of 

the carcase, and the interval between death and procurement 

of the tissue samples. 
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CHAPTER SEVENTEEN 

CONCLUSIONS AND RECOMMENDATIONS 

FORMS OF CAPTURE MYOPATHY 

CAPTURE myopathy is a syndrome that shows differing aspects 

according to the type of stress experienced by the animal 

and its duration. These aspects are the following:-

(a) Hyperacute 

(b) Acute 

(c) Sub-acute 

(d) Chronic or indefinite 

The hyperacute and acute phases (a) and (b) appear to be 

associated with a profound acidaemia due to the liberation 

of metabolic acid into the blood stream. The rise in hy­

drogen ion concentration affects the respiration and the 

circulation. There is intensive dyspnoea resulting in 

hypocapnoea, but without the usual rise in pH normally 

resultant on a carbonic acid deficit. The heart rate 

becomes exceedingly rapid with inefficient heart action and 

a fall in systemic blood pressure. There tends to be a 

rise in pulmonary arterial pressure. 

In the hyper-acute form the acidaemia is severe enough to 

cause cardiac arrest. Levels of blood pH recorded are 

sufficiently low in themselves to cause cardiac fibrilation 

355 

Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



356 

with resultant immediate circulatory coll&pse and death, 

t'he fall in blood pH is sufficient to account for cardiao 

arrest without additional pejorative factors. However, 

there is concommitantly a high blood potassium resultant 

on damage to somatic muscle fibres, and intravascular haem­

olysis, but also clinical indication of a maxif[lal adrenaline 

discharg~. Both of these factors are in themselves liable 

to cause acute death through cardiac fibrilation. 

The acute form of capture myopathy likewise has a low blood 

pH as its principal causative factor. The hyperventilation 

on capture is mostly not able to ~ower the blood hydrogen 

ion concentration. The stressed anima~s tend to become · 

more acidotic in spite of a condition of r~lative immobility. 

Skeletal musculature becomes stiff. Movement becomes dif!i:-. 

cult and apparently painful. The animal continues to exhibit 

a depre~sed appearance with high pulse and respiratory rates. 

De~th with symptoms of pulmonary oedema occurred in about 

12 hc~rs or sooner in susceptible animals. 

The sub-acute phase (c) is associated with the results of 

~uscle and organ damage. The muscle damage manifests it-

~-•. -..J.f 1 n contraction of the flexors resulting in knuckling 

over of the fetlock of some or all four legs. Frequently 

·h~re is torti~ollis and there may be an inability to stand 

tc.r which the term 1 tetraplegia 1 has been used in reports 

i~scribing this condition. Analysis of blood enzymes ind­

!cates damage to skeletal muscle and to major organs such 

dS lung, liver, heart and kidneys. The animals may remain 
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in this condition for one to two weeks and die in spit~ of 

the application of a wide vaxiety of treatments. There 

are high levels of blood metabolites. Autopsy shows 

necrosis in organs and muscle, and pigment deposits in the 

kidney tubules. 

The indefinite phase or chronic debility {d) or delayed 

deaths due to the results of capture s~resses are seen 

more rarely, Necropsy material shows fibrosed heart 

lesions and these appear to be the cause of deaths in 

apparently recovered and healthy animals when these are 

stressed by crating or similar manoeuvres a month or more 

after capture. 

This is a very general classification for pract:i,..c<;ll field 

purposes. One only of these forms, namely the acute, 

is 3.menable to specific treatment. The hype:racute form 

cannot be treated by definition as the animals die during 

the chase or in the irrunediate period of restraint. The 

third or subacute form may be treated symptomatically, 

and supportive therapy using B-complex vitamins such as 

thiamine is indicated, as is cortisone and vitamin E/ 

selenium therapy. The demonstration of renal blockage 

indicates the use of fluid therapy preferably of an alk­

alising nature. The last form is cryptic and only gentle 

handling of all quarantin~ animals can be offered as a 

general recommendation. 
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DIAGNOSIS OF CAPTURE MYOPATHY 

MosT of the parameters that indicate stress and incipient 

or established myopathy are, not measurable under routine 

capture conditions. The animals should be exposed to the 

minimum of handling, and most techniq~es are both time­

consuming and beyond both the technical ability and the 

available instrumentation of the ordinary capture team. 

Indicative parameters are the following: 

AciDAEMIA 

THIS may be regarded as one of the most important indicat­

ions for therapy. A low blood pH, especially if taken 

some minutes after capture when the breat~~ng has stabil~s~d 

is indicative of a metabolic acidosis. It has been shown 

that, even where the blood pH rises, the animals may still 

succumb, presumably due to damage from the low pH, partie~ 

ularly in a,reas where the tissue perfusion is defective and 

where the pH values may be lower than those of the venous 

b1ood. Serial samples preferably including cap;j..llary blood are 

indicated. 

The clinical symptoms are tachycardi~ and dyspnoea and these 

may be used as an indication for the need of alkalising 

therapy, and both the technique of arterial puncture and 

the apparatus for anaerobic blood pH determination are 

impracticable for use under ordinary field conditions. 

Infusion should be given into a peripheral vein such as the 

recurrent tarsal at a rate of approximately 1 litre/10 minutes. 
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LACTATE 

BLOOD lactate levels are more easily established thqn blood 

pH and less sophisticated apparatus may pe used. The 

samples may be stored if they are immediately deproteinised 

with ice-cold perchloric acid. It is doubtful, however, 

if the technique could be used on a generaL basis and is 

likely to be too time-consuming to be of practical value, 

so that reliance on ordinary clinical symptoms as described 

above is more likely to be of general use. The nature of 

the heart sounds on auscultation is a good guide to the state 

of the circulation as these become muffled and indistinct 

under conditions of cardiac incompetence and decreas~d car­

diac output. Therapy for high lactate levels is as outlined 

for acidaemia. 

BLOOD ENZYMES 

BLOOD enzyme determination (CPK, GOT, etc.) will give little 

help in assessing the stress condition from blood taken 

immediately after capture. Enzymes peak under most cond-

itions after several days or a week, and the determination~ 

during the peak period would be extremely valuable, but it 

is probable that the additional capture necessary for sampling 

at that time would be self-defeating, and may actually pre-

cipita te the capture myopathy c.ondi tion. Enzyme levels 

after several weeks' captivity may, however, b~ a valuable 

ind.icat.:i,on whether the animals are fit to move, if these can 

be determined without inducing further stress. This will 
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depend on the species, and the type of enclosure. For 

example, eland that may be driven quietly into a crush, 

blindfolded and cast by Reuff's method, or tsessebe that 

may be similarly blindfolded and samp~ep standing may be 

tested without inducing a renewed rise in enzyme levels. 

CARDIAC CHANGES AND BLOOD PRESSURE 

THE electrocardiogram and the cardiac output, indispensibl~ 

in human clinical medicine, and the for~er ~n v~terinary 

medicine, again have no place in the routine di~gnosis of 

capture myopathy due to the prolonged restraint necessary 

for their application. The same applies to the measurement 

of the pulmonary artery, and systemic blood pressures. ~hey 

are extremely useful, however, in determining which types 

of capture are stress-inducing. It is clear that physiol­

ogical work has an important role to play in this context 

of animal capture , as all these four parameters have been 

shown in the course of th.is work to show major deviations 

from the normal and to be suitable indicators of stress a~d 

the advent of the myopathy syndrome. 

Bonv TEMPERATURE 

THIS is one parameter which is simple to determine in all 

animals captured by net.ting and other individual methods 

and may be determined in thirty seconds. Unfortunately 

one reading is of very limited value as animals with a 

very high initial rectal temperature reading (44,4 QC in 
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white bearded wildebeest Cannoahaetes tala'inus albodubatus -

own records) have survived .• Conversely, animals with 

relatively low body temperature on capture may show a 

progressive increase d\!Xing prolonged restraint to die of 

hyperthermia (Kariba- own records). A more rewa~ding 

exercise is therefore to make regular observations of 

environmental temperature, etc. and to relate these to the 

different species to compile records of their species 

susceptibility and resistance to the effects of exercise 

under warm conditions. An electric fan (run off the car 

battery) has been effectively used after wetting under 

experimental field conditions. 

HAEMATOCRIT 

THE capillary haematocrit value {as compared to central 

values) has been shown to be a most important indication 

of circulatory derangement. Unfortunately the capillary 

haematocrit alone is not meaningful, the same criterion 

being applicable to a lesser degree to capillary P0 2 , PC0
2 

and pH. The actual haematocrit value is theoretically 

a useful indication of the nutritional s~ate, but not under 

capture conditions where adrenergic discharge may give 

grossly inflated values; the same may apply to animals that 

have been shot. Immobilised animals may show a drop in 

haematocrit values of about 20 percent during the first 

hour or so after capture. 
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PLASMA HAEMOGLOBIN~ MYoGLOBIN AND PoTASSIUM 

THE presence of blood pi.gments in the plasma is highly ind­

icative of exercise stress and foreshadows kidney complica­

tions. The quantity is readily subject to approximate 

quantitative determination using a small colorimeter with 

appropriate filter. This is one parameter whose routine 

determination may be undertaken. The results should be 

considered as applying to a group of animals rather than to 

individuals, and a useful criterion of the degree of stress 

imposed, e.g. distance run, speed, etc., in relation to the 

condition of the animals. Note also, that relatively minor 

stress such as manual restraint of sable antelope will induce 

discolouration of the plasma in 20 minutes or less. Dupl-

icate samples should be taken to test for in vitro haemolysis, 

The time taken for centrifugation militates against this being 

used as a test to determine immediate treatment. Determin-

ation of blood potassium is an adjunct to this test, that may 

be usefully employed. Massive fluid therapy for all animals 

showing marked myoglobinaemia or intravascular haemolysis 

would be advantageous. 

BLOOD METABOLITES 

DETERMINATION of creatinine, urea, etc. is a useful test in 

debilitated animals. High values may indicate protein 

breakdown, or impending kidney failure. Reduced kidney 

function predisposes to plockage of tubules. In these cases 

intravenous fluid therapy, especially in recumbent animals, 
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should be used, preferrably with an alkalising content. 

Too often debilitated animals refuse to drink and prostrate 

animals are left without shade or access to water. The 

fluid therapy may be combined with intravenous medication 

and nutrition. 

PRE~CAPTURE NUTRITION 

THERE are indications that many of the animal$ in the 

provincial reserves, routinely subject to capture, are 

in a poor state of health and hutrition, and are therefore 

a poor survival risk irrespective of the method of capture. 

Low haematocrit values of 20 percent were determined in 

eland captured at S.A. Lombard Nature Reserve, but which 

rose rapidly to 50 percent after relocation and artificial 

feeding. It is now shown (own records) that S.A. Lombard 

Nature Reserve is deficient in copper. Eland at LO$kop 

Dam Nature Reserve are both anaemic and have a high in­

cidence of blood parasites (2 percent - own records) and 

determination of trace elements show that most areas have 

seasonal low tissue values. Low selenium values in part­

icular are likely to be conducive to capture myopathy. 

Particularly low values were determined for pregnant and 

lactating animals. Of thirteen female sable antelope 

recently captured, all eventually died, largely from dystokia 

probably associated with uterine inertia. The time of the 

year is clearly most important for animal capture. It is 

likely that the tradition of capture during the cold season 
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only needs modification. Hyperthermia is probably rela-

tively unimportant if correct capture methods are employed, 

while low trace element levels and capture during the 

gestation period may be more deleterious. 

An important aspect of capture stress clearly is the nutri-

tiona! state of the animals prior to capture. An invest-

igation of tissue trace elements for each reserve on. a 

seasonal basis would be highly valuable, carcases being 

generally available from cropping or other sources. A 

valuable adjunct is the determination of serum proteins, 

especially albumin/globulin ratios at regular intervals 

throughout. the year from animals immobilised for the purpose, 

together with detailed haematology, blood parasite load, 

etc. Work on. these lines has commenced. 

QUARANTINE 

GENERAL figures (accurate figures not available) indicate 

that the greatest mortality in captured animals occurs in 

the holding enclosures. Some of this is no doubt due to 

capture myopathy. As the animals are frequently kept for 

long periods spanning many months, other factors must also 

be sought. 

It is self-evident that research into the causes of this 

mortality should be undertaken as a first step to its 

reduction. The routine autopsy of carcases should indicate 
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the diseases which may be important factops particularly 

those brought on by stress. . It is unlikely that the desi-

gn of the holding enclosures (slatted rectangles for indi-

vidual animals - 384 em x 300 em) could not be considerably 

improvedot Permanent quarters are conducive to massive 

tick-infestations and therefore to tick-borne diseases such 

as rickettsiosis, babesiosis, etc. 

PREVENTION OF CAPTURE MYOPATHY 

IN Chapter Fifteen it has been shown that the stress of 

capture may be greatly reduced if the animals are both 

exerc.ised and familiarised with the capture routine. Work 

on both eland and black wildebeest has shown that the ani-

mals are readily accustomed to procedures that cause stress 

in the untrained animal. 

Eland showed a remarkable difference between the first a~d 

subsequent runs on the track, the second run already resul-

ting in negligible enzyme rises in spite of running at the 

identical speed and distance. Black wildebeest showed a 

reduced stress reaction after being run through part of 

the capture corral approximately twice monthly, with virtual 

elimination of the mortality experienced at the first run, 

and the original appreciable levels of plasma myo- and 

haemoglobin. The overall results from the two experiments 

i.e. the spectacular reduction in the enzymes indicative of 

capture stress in eland, the 50 percent reduction in mortal-

ity and elimination of visible plasma discolouration in the 

t (e.g.) see Kakulas (1963) on myopathy in the captive rottnest quokka 
Setom:x b.roachyurus. 
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black wildebeest, together.wLth the known effects of 

exercise in horses (Chapter Fifteen) provides a strong 

indication of a saving effect from previous training on 

capture stress. 

The training method is extremely simple. The animals may 

be exercised by men on foot, and usually readily run through 

parts of a capture corral, the w~ngs only being first 

erected, with parts added piecemeal over a period of one to 

two months. The immediate practical adv~ntage of the method 

is that corraling, usually considered impracticable in the 

Transvaal where the ground is stated to be too flat, can 

be used instead of nets with immediate saving of broken 

limbs, backs and necks, and avoidance of the considerable 

I 
strain of strqggling in the meshes and while the animals 

are being man-handled out of the net. Judging from the 

myoglobinaem1a induced in paddocked sable by handling in a 

wooden crush (own records) the struggl~ in a net alone must 

induce near-lethal trauma and stress. There is in addition 

a marked reduction in both plasma pigments and enzymes 

indicating stress as a result.of the preliminary exercise 

alone. The animals appear less frightened, and the speed 

of the chase (usually maximal to prevent animals breaking back 

past the trucks, carried out with much noise) can be consid-

erably reduced. Once in the corral the animals can be 

immediately left to settle down thus further reducing fear 

and flight reaction. In Kenya, forty roan antelope were 

captured, in a large corral, and subsequently relocated for 

a distanc·e of approximately 500 km (own records), and other 
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spectacularly successful capture exercises have been made, 

e.g. Hofmeyr (1974), Oelofse. (.1970). While conditions 

are not always comparable, all facts from such completely 

and spectacularly successful relocation exercises should 

be gleaned and compared with some of those in which 100 

percent losses of valuable animals were sustained (such as 

the sable capture mentioned above, also the tsessebe re­

location - see text) to try to establish the reasons for 

these disasters. 

SUMMARY AND CONCLUSIONS 

CAPTURE myopathy is a syndrome involving most of the body's 

functions, the circulation, acid-base balance, kidneys, and 

nervous system, in particular. 

It is induced by intensive exercise in animals that are 

firstly untrained (thereby showing a similarity with para­

lytic myoglobinuria in the horse), and secondly pursued 

violently from a standing start, thereby inducing a massive 

anaerobic glycolysis. 

The condition responds to therapy only in the immediately 

early stages when the acidaemia can be rectified. The plood 

and muscle pigment released from damaged muscle cells and 

blood corpuscles is likely to induce renal failure ~s~ec­

ially while the animals are (a) acidotic, (b) dehydrat~d and 

disinclined to feed or drink, and (c) subjected to continual 
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The causation of capture myopathy is largely unnecessary 

and can be avoided by prior training, familiarisation of 

capture technique, and especially the use of proper 

capture methods. Sudden chases over short distances 

at maximal speed {as advocated by most game departments} 

is a lethal procedure that should be abandoned. Maximal 

muscle strain as occurs in a net, is likely to be lethal 

especially to nervous animals such as sable antelope which 

destroys the muscle fibres within minutes of struggling 

against an unyielding object or manual restraint. 

The nutritive state of the animal prior to capture is 

important. Greater knowledge should be acquired con-

cerning the differences in our various reserves, and 

particularly the seasonal changes in body trace elements 

and serum protein content. The breeding season and 

pregnancy are factors, although the latter is probably 

of minor importance where capture methods are optimal. 

The capture season should be carefully established bearing 

these factors in mind rather than that solely of temperature, 

the latter being of reduced importance if the tempo of the 

chase is reduced, and the animals are corraled instead 

of manhandled. 

The whole design and method whereby wild animals are held 

and quarantined should be investigated as well as the diseases 
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that are likely to and probab~y normally do cause heavy 

mortality. The massive ~burdens seen in animals in 

pens must be remedied and the possibility of disposable 

pens considered. Ideally. _animals should be subjected to 

the minimum of change and transport. Movement directly 

from the capture corral t~ the destination is vastly 

preferrable to the system whereby animals are moved from the 

capture area to individual pens and then to final destinat­

ion as now obtains; in the first roan e~ercise referred to, 

the whole herd was left in the capture corral for almost 

six months before shipment, permitting gradual weaning onto 

artificial food (lucerne hay) under near natural conditions. 

The possibility of capture by enticement rather than forqe 

should be investigated. The Transvaal Provincial reserv~s 

are probably ideal for inducing their animals to take 

limited quanti ties of artificially procured foods such 

as hay. This would have three immediate and spectacular 

benefits. 

(a) The animals could be fed into corrals instead 

of stampeded into nets. 

(b) The animals may be accustomed to the food 

eaten in captivity so that the correct rumina! flora for 

the new diet can be developed. 

(c) The food given under captive conditions 

would be readily and immediately acceptable. 

Other advantages are the possibility of supplementary . 

feeding at the time of the year when (largely owing to lack 
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of pasture management) there is virtually no protein in the 

herbage, supplementation of possible mineral and trace ele~ 

ment deficiencies, and an increased survival of calves due 

to improved nutritional state of the cows at the time of 

calving. 

0 

These conclusions and recommendations take no account of the 

possible advantages that may be derived from feeding anxiol­

ytics such as diazepam due to the fact that newly paptured 

animals are likely to refuse food and water. A more sophis-

ticated method of capture, however, based on prior artificial 

feeding, brings with it the additional bonus of possible 

administration of anxiolytics even before capture (such as 

spraying the hay or lucerne with molasses containing small 

amounts of suitable substances), during the early capture 

peri.od and also before new moves are sche<;luled. 

experiments on these lines should be initiated. 

Immediate 

An entirely new approach to the production of animals, their 

capt.ure and relocation, is required if the present high 

wastage is to be reduced and the provincial restocking pro­

grammes are to be fully successful. 
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CHAPTER EIGHTEEN 

EPILOGUE 

On the basis of the work embodied in this report, and also 

as a result of the study of wild animal capture in a number 

of African countries, certain principles and guide-lines 

for the husbandryt of wild animals in the Transvaal can be 

put forward. 

Concern at the high losses that occur in our wild animal 

production units at all levels from the low calf survivals 

to the high losses after relocation, has been expressed 

from time to time by all members of the Transvaal Division 

of Nature Conservation; both research and management staff 

alike. 

It will therefore be counted as acceptable if the findings 

and recommendations of this dissertation on capture myopathy 

be expanded to cover general aspects of wild animal husbandry. 

On this basis it may be assumed that an improved management 

and capture policy could be evolved from an understanding 

of several principles which may be summarised as follows: 

t For the rationale of the term 'husbandry' in the context of wild 

animal management for production, see Harthoorn (1969). 
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(a) That the animals in the Provincial reserves are 

not in a wild environment but restricted to relatively 

small enclosures by wire fences. 

(b) That animals under these conditions are likely 

to be deficient in nutrients, susceptible to diseases, 

carry unduly large tick burdens, and are completely untrai­

ned with regard to exercise. 

(c) That numerous ways and varieties of capture are 

available besides the heroic method of driving animals into 

nets by chasing with motor vehicles. 

(d) That the stress of capture may be considerably 

alleviated by accustoming the animals both to the exercise 

and to the enclosures th.emselves. 

(e) That immediately after capture, animals must be 

allowed to settle down with as little disturbance as poss­

ible, in surroundings as near as possible to their natural 

habitat. 

(f) That ruminants. are very susceptible to change of 

diet and that immediate change of diet alone may be lethal 

even without prior capture stress. Also that interruption 

of normal drinking habits may be highly detrimental under 

the circumstances, so that every effort must be made to 

leave the animals in as natural a state as possible with 

some natural food and water. 

(g) That parasite burdens and disease are likely to 

increase as soon as wild animals are rendered static, so 

that, for instance, unless suitable measures can be taken 

to reduce ticks, all enclosures should be of a temporary 

nature and abandoned or destroyed after use. 
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(h) That stressed animals are very much more likely 

to die when stressed again during the so-called stress 

period, that is when enzyme levels are high. Considerable 

stress may be tolerated if the animals are left alone in 

suitable surroundings immediately after capture. Renewed 

stress of a furthermove, or the daily or hourly stress of 

human activity while in slatted enclosures without place 

to escape or hide is likely to precipitate a fatal stress 

or myopathy condition. 

(i) That the optimal season for capture should be 

dictated by other criteria besides that of environmental 

temperature, and that the impadt of the latter is likely 

to be greatly reduced by methods of capture as described 

in Chapter Fifteen. Other factors such as seasonal lows 

in tissue trace elements and gestation (although potentially 

also minimised) should also be taken into account. 

(j) That research into veld management and tick control 

in our smaller reserves is overdue, and that the practice 

of sound methods to implement these is likely to pay high 

dividends, in the form of higher calf survival and reduced 

capture deaths. 

Pretoria 
May, 19 76 
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SUMMARY 

A total of 104 wild animals of nine species including 

sable, eland, blue and black wildebeest and tsessebe have 

been subjected to 60 000 tests during an investigation into 

the causes of mortality following mechanical capture. The 

work has been carried out primarily in three of the Trans­

vaal Provincial nature reserves, but also in the Kruger 

National Park. Specimens for trace element work have been 

collected from the Hluhluwe/Umfolozi complex in Natal as well 

as from the Sabi Sand, Timbavati and Klaserie Game Reserves 

in the Eastern Transvaal. 

The term capture myopathy has been selected as the most 

suitable term for the condition studied. Muscle lesions 

form the predominant necropsy findings while aberrations 

in functions of the body musculature resulting in stiffness, 

lameness and torticollis, form a predominating symptom. 

Locomotory stress has been investigated in animals after 

normal capture, simulated capture, and in animals stressed 

under controlled conditions. Investigations have also been 

carried out on immobilised animals stressed with infusion 

of adrenaline. Normal or resting values have been establ­

ished mainly on tamed animals. 

Field techniques have been developed for the measurement of 

blood P0 2 , PC0
2 

and pH; glutamic oxaloacetic transaminase, 
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glutamic pyruvic transaminase, creatine phosphokinase and 

lactat,e dehydrogenase; also lactate, potassium, urea, blood 

urea nitrogen and creatinine. Electrophoresis was used to 

separate plasma myoglobin and haemoglobin; tissue selenium 

and other trace elements were, investigated on a seasonal 

basis. Special techniques were worked out for the field 

catheterisation of the h.eart, pulmonary artery and aorta, and 

to measure the cardiac output. 

An investigation of acid-base balance indicated a profound 

acidosis that developed rapidly in animals subjected to 

maximal exercise over a short distance. This acidosis was 

lethal in zebra and could be rectified by the infusion of 

bicarbonate solution at a rate of 1 000 m-equiv./litre of 

saline or balanced solution of ions for 250 kg body weight. 

Muscle pH was significantly lower than venous blood pH ( t 8 = 

7,203***) indicating a loss of tissue perfusion. There was 

a significant correlation between lactate and pH (r = -0, 659**) • 

The electrocardiogram indicated cardiac changes associated 

with high blood potassium levels and low calcium ions. 

Heart rates up to 380 per minute developed in zebra, accom­

panied by dyspnoea, both of which were largely rectified by 

restoration of the blood pH. During this stage there was 

a sharp drop in cardiac output due mainly to the effect of 

low pH on cardiac muscle. 

Systemic blood pressure sh.owed a fall that manifested partial 

correlation with the lapse of time after exercise (t 
23 

•
1 = 
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0,4287) associated in some animals with increasing acidae­

mia. There was a rise in. pulmonary artery blood pressure 

to double accep·ted normal values. The pulmonary hyperten­

sion was modified but not eliminated by raising the blood 

pH to a physiological range. 

There was a significant correlation of increase in body tem­

perature with exercise, the higher body temperature 

(r = 0,7444***, t 7 = 4,610***) being found in animals 

exercised over a short distance. 

Body temperature of most species fell spontaneously and 

there was little evidence of malignant hyperthermia except 

in sable antelope after immobilisation,with adrenaline 

infusion when artificial cooling was necessary. There 

was a significant correlation between hyperpnoea and high 

speed (r = 0,9739**). High haematocrit values in blood 

taken from capillaries, together with low P0 2 , pH and high 

PC0
2 

indicated stasis in peripheral blood vessels. A rise 

in the haematocrit of central blood after infusion with a 

fall in central P0
2 

indicated a return of sequestrated blood 

to the circulation. 

High values of CPK, etc. were seen in all animals subjected 

to locomotory stress (except in trained animals - see below) , 

and enzyme values as well as the presence of blood pigments 

have been taken as the principal criteria of stress in animals 

that could not be subjected to more extensive physiological 

tests such as electrocardiogram readings. 
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Plasma myoglobin and haemoglobin showed a significant corre­

lat1on with distance run before capture (haemoglobin: 

r = 0,8080***); myoglobin: r = 0,7850***). There was a 

significant rise in blood potassium (r = 0,935***) to near 

lethal levelso Reduced kidney function as assessed by 

the rise in blood metabolites and the prevailing acid 

conditions predispose to blocked tubules due to myo- and 

haemoglobin as determined at autopsy of animals that had 

died with symptoms of capture myopathy. 

Blood metabolites such as creatinine, urea and blood urea 

nitrogen showed a rise after exercise and after adrenaline 

infusion. There was a significant difference in these before 

and after (males: t 3 = 3,298***; females: t
3 

= 3,463***) 

exercise as well as between male and female eland (males: 

t = 6,0***; females: t = 5,619***). A..lpha blockade with 

phenoxybenzamine hydrochloride tended to induce a drop in 

creatinine, etc., and an increase in the cardiac output. 

An increase in kidney function as a result of this treat­

ment was not indisputably demonstrated. 

Seventeen trace element contents from liver collected from 

animals cropped for reasons unconnected with this work were 

.investigated. There was a significant correlation of 

variations in five elements, namely, chlorine, cobalt, 

magnesium, sodium and zinc on a seasonal basis (r = 0,9540*** 

etc:.) 

Seasonal differences in selenium and other important trace 
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elements such as copper exceeded 200 percent. Particula:-

rly low levels of selenium were found in lactating and 

prenant animals., 

Attempted-therapy using selenium and vitamin E, B~complex 

vitamins and hydrocortisone appeared to have a saving effect 

but was not very significant stat.istically, probably due to 

the small numbers of animals used. Bicarbonate therapy 

after acute stress showed a hundred percent saving effect, 

but is not regarded as generally practicable due to the add-

itional handling of animals this would entail and the diff-

iculty of intravenous infusion under most field conditions. 
I 

Differences seen in en.zyme peaks in animals between the 

first and subsequent runs were highly significant (CPK: t 3 = 

-14,.101***, etc_.), and groups of animals could not be used 

at monthly intervals owing to the difference between the 

first and subsequent stress reactions to exercise in spite 

of standard speed and distance. 

Differences were also seen in plasma myo- and haemoglobin 

between animals run for the first time, and after several 

dummy or training runs at low speed using only part (mainly 

the wings) of the capture corrals. 

These and other observations on the changes that occur in 

reactions to stress by animals even after very moderate 

exposure to training and exercise supports the conclusion 

that preliminary· exercise of· animals and their familiarisation 

to capture methods and corrals is the best prevention of capture 

myopathy. 
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OPSOMMING 

DIE oorsake van mortaliteit in wilde diere w~t gepaard gaan 

met verskillende megan~ese vangmetodes is nagevors. Sowat 

69 000 toetse is ~itgevoer op bloed- ep ander ~onst~rs van 

altesaam l04 wilae diere .van nege vers~ill~nd~ soorte. Die 

proefdi~re slutt in die swartwitpens, eland, die blou- en 

swartwildebees en die basterhartbees. Die ~avorsingswerk 

is ui tgevoer in pie til'asionale Kru~erwildtuin ::;owel as in 

drie v~p qie g~ootste Prqvinsiale natuurreservate in die 

Trans~aal, We~fselrnonsters vir spaorelementontledings is 

onder andere versa~l in die Hluhluwe/Umfo+ozi-wildtui·nkom­

pleks ~n Natal sowel as ~P Sabi Sand, Tirnbavati~ en Klas­

eri~~ildtuine in die cos-Transvaal. 

Pie siektetoest:a11q wa,t veral spesiale behanc:l~ling Ol}tvang 

het in die ondersoek st~an onder andere bekend as vangmio-

patie (Capture myopathy) . Die piektetoestand is daarvoor 

verantwoordelik dat die spierstelsel aangetas raak en in 

die lewendige wilde dier word vangmiopatie gewoonlik gek~n­

merk deu~ styfheid, versw~kking en/of verdr~aing van die 

nek. By nadoodse ondersoek is baie uitgesproke spierletsels 

gewoonlik sigbaar. 

Spanningst9estande is in wilde ~iere beptudeer nadat dit 

teweeg geb~ing is deur normale of nagebootste V?ngmetodes. 

Proefdiere is oak onder gekontroleerde e~speriment~le toe­

stande a~n spanning blootgestel en die toestanq Vqn spanning 
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is verder ~unsmatig t~weeggebring deur die infusie van 

adrenal!~n. By wyse v~n vergel¥king is fisiologiese onder­

soeke ~e~oen op makgemaakte wilda ~iere. Monsters van die 

diere is v.j_r dieselfde doel ontleed. 

Moderne ontledingstegnieke is ontwikkel of aangepas om onder 

primitie~e v~ldtQestande die volgende ontledings te kan doen: 

Bloed PQ 2 , PC0
2

, pH, glutamien oksaalasyntransaminase, 

glutamien pirodruiwetransaminase, kre&tientosfokinqse, 

lqktaat denidrogenase~ asook laktaat, kalium, ureum, ureum­

stikstof en kreat~nien. Daar was voorts ook van el~ktro­

foresetegniek g~bruik gemaak om plasmamioglobien van hemo­

globien te ondersket. Die sei?oenale spoof~lementprofiel 

in ~iereweefsels is ook ontleed en bestudeer. Spesiale 

tegnieke -t.s vqorts ook ontw.tkkel volgens hulle veldtoestand~ 

~ie hart, lopgslagaar en aorta met kateters te pen~treer 

Offi SOdOeRde die nartfunksie van Wilde diere te kan bestu­

deer. 

Hierdie ondersaeke het aan die lig gebripg dat wilde diere 

wat oor 'n kort afstand aan uitermatige oefening blootge~ 

stel word 'n noemenswaardige versuring van die bleed onder-

gaan. Asidose was onder andere vir mortaliteite in oor-

eisde sabras verantwoordelik. Die fisiologies versteuring 

kan kunsmatic.;r reggest{el word deur die <;lier te behandel met 

'n oplos?.ing van natriumbikarbonaat. Gunstige resultate 

is ver~ry deur die binn~-aarse toediening van sowat 1 000 

m-ekwiva1ent natriu~ikarbonaat per liter gebalanseerde 

soutoplossing per 250 kg dieremassa. Na ooreising was 
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die Siu;rtegraad van die spiere betekenisvoZ ;Laer as die van 

die aar-bloed (t 8 ~ 7,203***). ~ie bevinding dui vanself­

sprekend op verswakte vloeistofwisseling in die dierweef­

sels ~ Daar was voorts 'n betekenitwoZZe korrelasie tussen 

laktaat en suurtegraad (r = -0,659**). 

Elektrokardiografi~se ondersoeke het daarop gedui ~at 'n 

verhoging in the bloedkaliumwaardes en gep~ardgaande ver­

laging in die kalsiumvlak gevolg word deur versteurings in 

hartfunksie. Versnellings van die hartspoed na 380 slae 

per minuut wat in die sebra gepaard gegaan het met asemhal­

ingsnood, i~ kunsmatig reggestel deur die verhoging van die 

suurtegr4ad van die bloed. In behandeling was asidose 

deurgaans daarvoor v~rantw~ordelik dat die verswakte hart­

spier doeltreffend gefmkqi.oneer het en kleiner hoeveelhede 

bloed per slag gelewer het. 

Die verlaging in sistemiese bloeddruk kon tot 'n mate 

gekorreleer word, in die tydverloop na blootstelling aan 

oefening (t
23 

• 1 = 0,4287), by party diere was die verlag­

ing in bloeddruk geassosieer met die ontwikkeling van 

bloedsuurheid. Die verhoging in bloeddruk in die longslag­

aar was uitermatig en het somtyds twee keer die normale 

waardes oortref. Die kunsmatige verhoging van die suurte­

graad van die blo~d het hierdie toest~nd tot 'n mate bein­

vloed maar nie geheel en al reggestel nie. 

Daar was 'n betekenisvoUe }<.orre].asie tussen die ooreisde 

dier se liggaamstemperatuur en die mate van oefening waar-
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aan die diere blootgestel is. Liggaamstemperatuur was 

die hoogste (r = 0 7444*** t = 4,610***) in diere wat 
' ' 7 

vinning oor kart afstande moes hardloop. 

Na oefentng het die liggaamstemperatuur van meeste dier-

soorte vanself na die normale teruggekeer. In die meeste 

gevalle was daar geen kwaadaardige hipertermie nie. Uit-

sonderings het wel by die swartwitpens voorgekom nadat die 

di~re wat met chemiese middels gevang is met adrenalien be-

handel is om 'n verlaging in die liggaamstemperatuur kuns-

matig teweeg be bring. Paar was voorts 'n betekenisvoUe 

korrelasie tussen as~mhalingstempo en P,ie spoed waarteen 

die qiere gehardloop net (r = 0,9739**). 
I 

Hoe hematokriet 

waardes in kapillere bloed tesame met lae P0
2

, p~ en hoe 

PC0
2 

het op pe~iferale stase gedui. 'n Toename in die 

hematokrietwaardes van bloedmonsters uit die sentra+e 

sisteem v~rsamel het daarop gedui dat die fisiologiese 

skoktqestand suksesvol deur middel van behandeling regge-

stel is. 

In alle proefdiere ~at aan oormatige oefening blootgestel 

is, was hoe CPK en ander waardes waargeneem en 'n studie 

van die ensiemvlakke sowel as 'n ondersoek na die voorkoms 

van bloedpigmente is as die belangrikste maatstawwe van 

ooreissing in proefdiere aanvaar wat nie aan rneer intensie-

we ondersoeke onderwerp kon word nie. 

Plasma,mioglobien en hemoglobien kon betekenisvol gekorreleer 

word met P,ie afstand wat die diere voor vangs a£gele het 
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(hemoglobien: P = 0,8080~**, mioglobien: r = 0,7850). 

Daar was ook gevalle, lewensgevaarlik, toename in b+oed~ 

kalium (r = 0,935***). Bloedontledings het op swak nier-

funksie gedui en dit, tesame met die toestand van asidose, 

het daartoe bygedrq dat die nierbuisies deur mioglobien en 

he~oglobien geblokkeer is. Die ontw;Lkkeling van qie toe-

stand is deur nadoodse ondersoeke bevestig. 

Bloedmetaboliete soos kreatinien, ureum en ureumstikstof 

het rnerkbaq,r gestyg na oefening en na adrenalieninfusie. 

Daar wap 'n betekenisvoUe verskil hier voor en na oefening 

(bulle: t = 3,298***, koeie: t = 3¥463***) asook tussen 
9 3 

elandkoeie en bu~le (bulle: t = 6,0***, koeie: t = 5,619***). 

Alfablokering met fenok~iebensamien hidrochloried het geneig 

om 'n daling in kr~atinien, ens., te veroorsaak asook 'n 

verh9ging in die hartslagvo1ume. 'n Verhoging in nier-

funksie as gevolg van hierdie behandeling was nie onteep-

seglik bewys nie. 

Sewentien spoorelernentinhoude van lewers is ondersoek. 

Hierdie lewers is gekry van diere wat geski~t is vir ander 

redes, en nie verband hou met hierdie werk nie. Daar was 

'n betekenisvorz_e korrelasie van variasies van fy£ elemente, 

naq.mlik, chloor, kobalt, magnesium, natrium, en sink op 'n 

seisoensbasis (r; 0,9540***, ens.). Seisoensverskille 

in selenium en ander belangrike spoorelemente soos koper, 

het 200 persent oorskry. Besondere lae vlakke van selenium 

is gevind in lakterende en dragtige diere. 
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Die to~diening van selenium, vitamien E, B-kompleksvitami~ne 

en hidrokortisoon het gedui op 'n beskermde Qffek, maar dit 

was nie statisties betekenisvol nie, waarskynlik as gevolg 

van die klein getalle diere wat gebruik is. Bikarbonaat-

terapie na uitermatige spanning het 'n volkome beqkermende 

e~fek gehad, maar dit word nie as 'n algemene pr~kti~se metode 

aanva~r nte omdat dit die add~s~onele hqnteering van diere 

inhou, asook omdat die binne-aarsinfusie onder veld kondis-

ies baie moeilik is. Die verskil~e in ensiemspits waargen-

eem in diere tussen die eerste en opvolgende oefenlape was 

hoogs betekenisvol (CPK: t 
3 

= -14, 101 ***, ens.) , en die g;roepe 

diere ~on nie met maandelikse-intervalle gebruik ward nie, 

weens die verskil tussen die eerste en opvolgende spannings­

reaksies na die oefening. Hierdie het gebeur ten spyte 

van standardssnelhede en afstande afgele. 

Verskille is oak waargeneem in plasmamio- en hemoglobien 

van diere wat vir die eerste keer gehardloop het, en di€ 

wat na skeie oefenlope teen 'n lae spoed in dte b~itens~ 

gedeeltes van die vangkrale gehardloop het. 

Hierdie, en ander waarnemings op die verandering in reaksie 

van diere teen oorspanningstoestande na selfs 'n ligte 

graad van oefening, d~i daarop da~ die voor~oming van vang­

miopatie gesete is in die voorafoefen en gewoonmaak van 

diere aan vangmetodes en vanghokke is. 
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APPENDIX A 

DRUG DOSAG~S FOR IMMOBILISATION 

Dosages for adul~ (from 12 months) tsess~}:>e, sable ant~lope 

and black wildebeest 

COMPOUND 

fentan~l citrate 
. I 4 I 

(narcotic and 
principal immo-
bilising drug) 

x*la~ine h~dro-
c loride 

(a(ijuvant an<:} 
synergist) 

a~aperone 

(tranquilliser) 

atro£ine sulEhate 

(if n~~ded -
parasympatholytic) 

nalor~hine 
h;idro-romide 

I 

(antagonist) 

_..,.- --- -----

CON CENT RATION 

100 mg/ml 

20 wg/ml 

200 mg/ml 

10 mg/ml 

20 mg/ml 

402 

TOTAL 
DOSE 

30 mg 
or 

0,3 ml 

10 rng 
or 

0, 5 ml 

1~0 mg 
or 

0,75 ml 

15 mg 
or 

1,5 ml 

100 mg 
or 

4 ltll 

DOSE PER 
BODY WEIGHT 

18 mg/100 kq 
or 

0,2 ml/100 kg 

6 mg/100 k'l 
or 

0~33 ~1/100 ltg 

+OO Iftg/lOQ kg 
or 

0,5 ml/100 kg 

10 mg/100 kg 
or 

1 ml(J.OO ~g 

6;2 wg/100 kg 
or 

3 rol/!OO kg 

~ 
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APPENDIX B 

FORM USED FOR FIELD WORK 
(and a typical example of its use) 

I DATE :2 I I 37-il.i 
SPECIES Jo~~ PLACE CAUGHT ~~-' AJ~,A.dt:t - k, IV. f. 
AGE .l ff'24 ~ DISTANCE CHASED (km) ;('~ 

SEX ~ AVERAGE SPEED CHASED (km/h) 30,o 

WEIGHT (kg} 
t: :lJo TIME TAKEN TO CHASE TIME CAUGHT ? . '? 2 Ot-M,. 

4~ 
-

ENV. 
BLOOD SAMPLES TEMP. PHYSIOL. PARAM. REMARKS 

TIME ART. M.V. CAP. VEN. WET DRY HEART RESP. TEMP. 

cr. 5tr ;;].I 27 r&o ~0 '"?'t I 
q. 5' v ~~-
q]7 v --
1-1(8 v-
ct. 57,- ,..,...-- /ov~~· 
10-02 2.1 28 t<; 2 S7:, 3'=1,/f-

fb,Ot,- t/ v 
/0,06 V' ftp~ J~ ... -f._ 
((),//.j v ('_ IA-;/;.~/7 

7 -
(0). ~ v V"" 

ro. 2'> 2. 1,5 27,5 /3 2. t.o 51 s-
I 

10 I ?.2. v 

,o, )3 v 
-

/O.f/0 ~~ -
I() 44 ~ J) s-z>O ~t¥, 

----
h .... .-..~ .~*- -"" ~-.r 10 f.t') - '1./ • • /i 

(0·47 ::u, ') .27, s- /:2-E 'S6 ~1, 3 
/ 

ro,~q v 
/0,'5l> v-
(6.'>~ ~ 

/O.s:b dd-f :Jullta/f 4 
11.02. ~#toood~ 
1/-03 ~~~ 
I(- 0(, Z2, 5"" ~ ,S"' 12..8 5<. s't',z I (~=ti ~.J £._.,.J..:-~: o 

I""' ·w 7 v- -~ 7 

/107 v ~ 
L 

I 1. I 3 v ·N¥~~ 
1{. lq v ~-~ I 

/(. 22 ~~-~4;-;u~ 

' ·----
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APPENDIX C 

CAPT~RE MYOPATHY IN TWO NYALA 

A visit was made to Hluhluwe Game Reserve to examine two 

male nyala which were reported to be recumbent. 

One of these, a young male had been sick since capture. 

It exhibited typical symptoms of capture myopathy -

stiffness of the limbs, knuckling over at the fetlocks 

and general malaise. 

The second male, a sub-adult, had been sick since it had 

been involved in a fight twelve days previously. 

The enzyme picture of the first animal only was charac~ 

teristic of capture stress with a high level of creatine 

phosphokinase (823 mU/ml) indicating damage to skeletal 

muscle and a very high level of lactate dehydrogenase 

(916 mU/ml} indicating damage to the cardio~vascular 

system. The glutamic pyruvic transaminase level was 

also raised (180 mU/ml). 

Both animals died in the course of the following week. 

No therapy was attempted. 
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