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ABSTRACT 

The capturing o f red d e e r  f rom the wild to s t ock d e e r  

farms ha s b rouGht Hith i t  p roblems of stre s s .  Larce 

numbers of d e e r  have d i e d  due t o  p oor catching t echni que s 

and in appropriate drugs . Effo rt s to  minimize the se d eath s 

re quire an und e r s tanding of the physi ology, pathol ogy and 

e pidemiology of the change s occurring \·Ti thin the animal 

and d urinG capture. 

T o  a s s i s t  in the correct inte rpretat ion of the data 

collect e d , no rmal haematological and bioch emical p aram e t ers  

had t o  be e s tabl i she d .  This wa s carried  out o n  d e e r  of 

different age groups a nd sex f rom deer farms. In add ition 

the e ffect s  o f  t h e  commonly u s e d  captur e drugs on the bio­

chemical parame t er s  were e s tabl i she d .  

Bl ood and s e rum we re obtain ed from captured animals 

at the si t e  of capt ure and where  possible furthe r sample s  

we re obtaine d from t h e s e  animal s at s e t  int e rval s .  

The biochemical parame t e r s  f ound to  vary from t he 

no rmal in cap tured animals we re pH, Pco2, lactate ,  S GOT, 

( Aspartate aminotransferase ) , b l ood urea nit ro gen ,  and 

p otas sium. The change s in the se parame ters cle arly 

indicate d  a profound acute or d elaye d lactic aci d o s i s  and 

s evere muscl e  d amage bo th skel e tal and cardiac. The 

captured animals were d ivided  int o those  which survived 

( capture d ) and those  which died ( myopathic ) . I t  was 

found that t h e  change s in the ' myopath ic' group were 

more pr o found than in th e ' cap ture d ' group. 

The rising b lood urea nitrogen level s and d amaged 

cardiac muscle may account f o r  t he delaye d  death s  from 

uraemia due to  a seve re neph r o s is and cardi ac failure . 



The clinical effects on captured animals ·Here 

record ed and those that died in b oth the acute and 

d elayed form were necropsied. The gross and histo­

l ogical lesions were d escribed. The most obvious 

clinical changes in ad dition to temperature, respiration 

and heart rates were lameness, recumbency and the wry 

neck. His t ologica lly, th e muscle changes resembled 

those found in white muscle disease of domestic rQ�inants 

in this country. 

The epid emiological stud ies s uggested certain simple 

measures could be taken to red uce the effects of the 

respiratory d epression resultin g  f rom the d rugs and 

transportation, to red uce the stress of capture and to 

allow acclimatisation to the new cond itions. These 

�ore re ( 1 ) tlla t less or no Ealorphine be used , ( 2) that 

the animals were caught early in the year, (3) that young 

smaller females were preferred to males ( 4 ) that a loose 

bag totally enclosing the animals was used , ( 5 )  that 

d arkened conch tions helped keep th e animals quiet and 

( 6 )  all captured animals should be retained in a d ark 

house for two or more d ays before release into the 

pad d ocks. 

iii 



A CKN 0 \:!LED GEnBN TS 

I wish to e xpress my s incere thanks to my 

supervisors Dr R.H. Sutton and Mr A.R.A. Watson 

whose patience, unde rstanding and encourage ment 

have he lpe d  me conside rably. I Ho ul d  also like 

to thank Nr T. Wal lis of Alpin e Helicopters Ltd . ,  

�r G .  Gosney o f  Wirlwide Helicopte rs Ltd., helicopte r 

pilots Mr Eddy I��cGregor and r:;r Frank Wright � I'·lr Jame s 

Innes of Haldon Station: Mr John Beatti e  o f  St. 

Bathans Statio n, Mr Pe te r  Elworthy of Papomoa farm 

and Nr Malcom Prouting o f  Mesopotamia Statio n: all 

of I·Thom were enthusiastic and co-ope rative; The 

Director, An imal Heal th Division, Einistry of Agriculture 

& Fisheri es for al loHing me to carry out this thesis; 

Dr E. Fawce tt of the Otago J.iedical School for allo-vTing 

me to use the blood gas analysis machine I . L . 200 ; my 

colleague s of the Inve rmay Animal Health Laborato ry, 

particularly Dr T. C. Reid for guiding me thro ugh the 

intracacie s  o f  chemical analyses; 

pati ently typing the manuscri pt; 

Mrs C�E. Aitken for 

r·lr J. McGre gor for the 

splendid diagrams and �·�r P .  Johnstone for help with the 

statistical analyses. 

iv 



Pharmacological 

Eechanical 

CONTENTS 

ACKNOWLEDGEEENTS 

INTRODUCTI ON 

PRE DISPOSING FACTORS 

Capture Tv'!ethods 

Transportation 

Tranquillization 

THE DISEASE P�OCESS 

Clinical Signs 

Physiological and biochemical changes 

T he role of adrenaline 

�:iscellaneous biochemical changes 

Haematological and urine changes 

PATHOLOGY 

THERAPY 

SUN1\1ARY 

MAT ERIAL AND f•1ETHODS 

INTRODUCTION 

ANIIV'.AL AND BLOOD SAI11PLE COLLECTION METHODS 

Normal animals 

Captured and myopathic animals 

Blood samples and handling procedures 

Blood samples 



Blood handlin� procedures 

Normal animals 

Captured and myopathic animals 

EPIDEr·HOLOGI0AL DATA COLLECTION 

POST I•10RTEfi[ PitOCEDURES 

Al';ALYTICAL I"·:ETHODS 

Haematolop;y 

Haemoglobin (Hb) 
Packed cell volume ( P.C.V. ) 
Hean corpuscular haemoglobin concentration ( r1ICHC ) 
Total white cells ( W.C.C. ) 
Blood smears 

Biochemistry 

Blood pH 

Total carbon dioxide ( Co2 ) 
?artial pressure of carbon dioxide ( Pco2 ) 
and base excess 

Lactate 

Blood urea 

Glucose 

Serum glutamic oxaloacetic transamina se ( Aspartate 

amino-transferase ) 
Calcium and magnesium 

Sodium and potassium 

Phosphate 

Total protein 

Urine Analysis 

Statistical Analyses 



rtESULTS 

NO�iHAL GL I NI0AL, HAENAT010GICAL AI;D B I OGHEHICAL 

P ARAI-iE TERS 

Clinical 

Haematological 

Biochemical 

THE EFFECT OF DRUGS ON HAET,�TOLOGICAL AND BI O­

CHEIVII CAL PARAI'iliTEJS 

CLI NICAL, HAEI�1ATOLOGI CAL, BI OCHENI CAL Al'ID PATH OLOGI CAL 

CHANGES I N  CAPTUR3D DEER. 

Clinical signs 

Haematology and biochemistry 

Gross patholop;y 

Histopathology 

Lung 

Liver 

Kidney 

Adrenal glands 

Thyroid glands 

Gastro-intestinal tract 

Lymph nodes 

Spleen 

Brain and cervical cord 

Jllyocardium 

Skeletal muscle 

EPI D EI"'I OLO GY 



DISCUSSION 

HAEf.lATOLOGY AND CLINICAL BIOCHEJ'.liSTl:lY OF HORHAL AHH1ALS 
EFFE CT OF TRAHQUILLIZH-:-G DRUGS 

POJT CAPTU::ill l·�YOPATHY S11.'TDROE"E 

PATHOGBN"ESIS 

REFEREllCES 

APPENDICES 

Tables XIII-XXII 

Statist ical analyse s 

TABLES 

I L i st o f  species affe cted by Pos t 

Capture Myopathy 

II ?omparison o f  re ctal t emperatures,  cardiac 

and re spiratory rate s between control s  and 

chase d  group (from Hofmeyr e t  al 1 973 ) 

III 

IV 

Epidemiological data record shee t  

�e spiratory rate s, heart rates and re ctal 

t emp eratures in clinically normal 1 year 

old red d e e r  

V . Normal value s  for the b i ochemical para-

meters in the two female a nd one male 

group 

VI Haematologi cal and b iochemi cal values in 

blood collect e d  from red deer t ranquilli­

z ed wi th Rompun and Fentaz 

Page 

2 

1 0  

2 9  

35  

37 

38 



VII �he stnti8tical compnri3or. of blood 

parameters between normal males and 

"Fentaz" affected males usinG Students 

"t" test. 39 

VI II Comparison of clinical parameters between 

captured and myopathic groups 41 

IX Summary of para�eters for captured and 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVI I  

XVII I  

XI X 

XX 

XXI 

XXII 

myopathic ani�als 45 
Epide�iological data 5 4  

Post capture losses 5 5  

Comparison of normal haematological 

parameters of this study and other authors 5 9  

Normal haema tological values 74 

The statistical co�parison of haematological 

parameters using students 't' test 7 6  

Captured animals: analysis of blood taken 

within the first h alf hou r of capture 77 

Captured animals: analyses of blood taken 

within one hour of capture 78 

Captured animals: analyses of blood taken 

within one hour and a half of capture 79 

Captured animals: analyses of blood taken 

within three hours of capture 80 

Captured animals: analyses of blood taken 

more than thirtysix hours after capture 81  

Myopathic animals: analyses of blood taken 

vli thin half an hour of capture 82 

Myopathic animals: analyses of blood taken 

wit hin one hour of captu re 8 3  

I'·1yopathic animals: analyses of blood taken 

more than twentyfour hours after capture 84 



FIGUR2S Between par,es 

1 .  Locat i on map of  s ampl ing s i t e s  

2 . D i s t ribution of haemoglobin ( e/ 1 00ml s ) 

in 8 6  adul t  male s 

3 .  D istribution o f  haemoglobin ( e/ 1 00ml s ) 

4 .  

5 .  

6 .  

in 25  adult female s 

Dist ribut�on of P.C.V. i n  86 male s 

Distri buti on of P.C.V. in 24 female s 

Dist ribut i on o f  W.C.C. in 2 5  femal e s  

7 .  D i s t ri but ion o f  W.C.J. in 1 9  x 1 4  

m onth old female s  

27-28 

3 5 -36 

3 5-36 

3 5 -36 

3 5-36 

3 5-36 

3 5-36 

8 .  Dis tri bution of W.C.J. in  86 adult male s  3 5 -3 6  

9. A repre sentat ive normal el e c t ro phore t o -

gram 

1 0 .  C ap t ur ed animals sh owing t he "1·1ry•• 

n e ck whi ch develop s soon afte r  capture 

1 1 .  Urine f rom a myopathic animal 

1 2 . Graph o f  pH for captured and myopathic 

group s 

1 3 .  Graph of la c tate  level s ( mmols/ ) for 

capture d and myopathic gr oup s 

1 4 . Example s of e l e c t rophor e t o grams f rom 

'capture d ' animals 

1 5. Example s  o f  e le ct rophore t o grams f rom 

" myopath i c " animals 

1 6 . JVIus cle s mo st  frequently affe cted with 

gro s s  myone cro s i s  

1 7 . Pale s tre ak s  i n  mus cl e s  at necrop sy 

1 8 .  Pho t omicro graph of kidne y  tubule s 

showing pal e blue staining ( Perl's ) 

37-38 

4 3-44 

43-44 

45-46 

4 5 -46 

4 5-46 

45-46 

45-46  

47-48 

47-48 

'i 
I 



1 9 . Acute c ondi t i on sho-vring d isarraneed 

rac;sr,e d degenerat e f ibre s and l o s s  of 

stria t i on s  

20 .  Chronic condit i on showing regenerat ion , 

enlareement of sarcolemmal cells and 

fibro s i s  

2 1 . De e r  cat ching country, St . :Sathans. 

Veh i cle in fo reground i s  typical of 

49-50 

49 -50  

many o f  t he transport e rs u sed f o r  d e e r  52-53  

22 .  Capture d d e e r  c on fine d 1vi thin c arrying 

bags 5 2-53 

2 3 .  P o s t  c apture myopathy pathogenesi s 72 



PO ST CAPTU:lli MYOPATHY SYN DRO ME 

IN RED DEE� (CEaVUS ELAPHUS) 

INTRODUCTI ON . 

The post capture myopathy ( PCM) synd rome as i t  

affe cts  wild animals is d e scri b e d  b y  Basso n and 

Hofme yr ( 1 9 73 )  as being characte rized  by ataxia ,  

paresis or paral ysi s with the excre t ion of brown 

coloured urine . Assoc iat e d  with th ese clini cal 

changes are asymme tri cal muscular and myocardial 

le si ons. O ther synonyms for t h e c onditi on are 

whi t e  muscl e disease , white  muscle stre ss syndr ome, 

stress myopathy, ove rstraining d is ease ,  and captu re 

myopathy. 

Spe cie s of animals and bird s  affe cted  are l i sted 

in Table I .  A similar syndrome ha s been observed in 

red d e e r  ( Ce rvus elaphus) in New Z ealand . 

The condi tion is u sually assoc iated wi th the 

capture of wild animals but a similar syndrome 

occurring spontane ousl y has b e e n  reporte d  in t he 

Peking duc k ( Rigd on 1 9 6 1 ) .  Also the post capture 

myopathy syndrome has clini cal and pathological 

similarit ie s  to -the whi te muscl e  di sease syndrome 

of calve s  ( Fairlie 1 964, Jarre t e t  al 1 96 4 ) ,  paralyti c  

myoglobinuria ( az oturia ) of h orse s  ( Young and Bronk-

hurst , 1 97 1 ) and paroxysmal m yogl obinuria of man 

( S e i bold e t  al 1 97 1 ) .  I n  add iti on muscle l e si ons 

found in the p orc ine stress syndrome and malignant 

hyperthermia of Land race  and Pie t rain p i gs,  are 

similar to those found in PCM ( Ludvigsen 1 95 3 ,  Briskey  

et  al 1 95 98.). 
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TABL E I 

List  of spe cie s affe cted by Post Capt ure Myopathy 

Roe buck 

Hunter ' s antelope 

Red hartebee ste  

S pringbok 

Blesbok 

Bantebok 

Eland 

Gemsbok 

Giraffe 

Roan antelope 

Sable antelope 

Burchell ' s  ze bra 

Mo untain z ebra 

Kudu 

Nyala 

S teenbok 

Blue wildebee ste  

Black rhinoce ros 

Ele phant 

Oribi 

Tsessebe  

Greater flamingo 

Le s se r  flamin,go 

Mountain goat s 

Virginia d ee r  

Capreolus capre olus Fairlie  1 9 64  

Beatragus hunte ri Jarret t  et  al 1 96i 

Alcelaphus buselaphus Young 1 9 66  

Antidorcas marsuplialis 11 11 

Damaliscus dorcas phillipsi " 

D .  d orcas dorcas 

Taurot ragus oryx 

Or;yx: gaze lla 

Gi raffa camel opardal i s  

Hippotragus e guinus 

H .  niger 

Eguus birchelli 

E. z ebra hartmannae 

Tragelaphus s t re psiceros 

T .  angasi 

Raphice rus campe stri s 

Connochaet e s  taurinus 

Diceros bicornis 

Loxodonta africana 

Ourebia oure bi 

Damaliscus lunatus 

Phoenicopte rus ruber 
roseus 

Phoeniconaias minor 

Oreamnos americanus 

Odocoileus virginianus 

Young 11 

11 11 

Ebed e s  1 969  

11 11 

Bas son e t  al 1 97 1  

" " 11 

Young & 
Bronkhur st 1 97 1  
Basson e t  al 1 97 1  

" 11 " 

" 11 11 

11 11 " 

" 11 11 

11 11 " 

Young 1 97 1  

11 1 972  

11 11 

11 1 96 7  

S iebold e t  al 1 97 1  

Hebe rt & Cowan 
1 9 7 1  

Wobe s e r  e t  al 1 976 



Very lit tle ha s b een published on the p ost 

capture myopathy synd rome as it affects th e red 

d e e r  in New Zealand . This revie w therefore dis-

cusses the vari ous fact ors which may cont ri bute t o  the 

synd rome in various spe ci e s  o f  wil d  game and bird s 

throughout the world and whe re applicable draws corn-

parisons with other similar d isease syndrome s.  In  

additi on current knowledge of  clinical signs, path-

o logical and biochemical changes which are associated 

with the disease are d etailed . 

PREDISPOSIN G FACTO RS 

I t  would se em that capture and transportation 

me th od s  play an important role in predisposing 

animals to th e p ost captur e myopat �y syndrome . 

In the ir intro ducti on Hofme yr et  al (1 973) 

stated : " The re cent increase i n  capture and 

t r ansport ope rations involving large game has 

focused  attent ion on a characte ri st ic shock syndrome . 

Thi s  syndrome . . •  occurs most frequently when animals 

are manhandled  or re strained for several h ours or mo re 

w ithout judicial use of suitable t ranquillizers or 

immobilising d rugs 

Capture me thods 

Pharmacological -

11 
. . . . 

Most methods have entailed the use of a drug. 

The y  are many and varied and a parti cular choice is 

usually made with r e spe ct to  siz e  and speci e s  of animal 

to be captured . For example , e t orphine a derivative 

of thebaine an alkaloid occurring in opium , has been 

successfully used in conjunct ion with ace tylpromazine 

3 
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in capturing and cont rolling large spe ci e s  of animals 

such as  the giraffe , el ephant and rhinoceros  

(Harthoorn 1 973 ) . Other drugs use d , have been xylazine 

(Rompun*) and fentanyl hydrochloride /azape rone mixture 

( Fentaz**) . The use of morphine d �v-lt ive d rugs such 

as Fentaz ha s enabled th e use of antagonis t s  such a s  

nal orphine (Le thidrone ***) which give an almos t  immedi-

ate reve rsal of  the d rug a ction . The se are usually 

inj e cted  before the animals are carri ed in large canvas 

bags , in a dog  s i tting pos iti on to s ome r e stri cted are a .  

A d i sadvantage o f  nalorphine is that it i s  a re spira-

tory depre s sant . 

In many in stance s the admini stration of drugs has 

entailed a period of chasing whi c h  may have initiated 

an a cid osis  (se e  Bioche mical change s p.1 1 ) .  The 

cha s ing has usually been done on fo ot , vehic le or 

helicopter with t he d rug be ing admini stered by dart 

gun or cro s s  b ow �ienaar 1 973 ) .  An e xcellent review 

of the drugs used wi th the ir pharmacological propert i e s  

is  given. by  Harthoorn ( 1 97 3 ) . 

Me chani cal 

In s ome spe cie s ,  because of d rug intolerance , me ch-

ani cal met hod s o f  capture have b ee n  f ound to be more 

suitable .  Examples  o f  such me thod s are spotligh t ing 

with the bl indi ng of the animal s ,  lassooing from fast 

vehi cle s, net s ,  (eithe r drop ne t s  in the bush or from 

hel i c opters ) ,  and chasing animals along c onve rging 

* Bayer (He nry H .  York ) 
** E thnor Pt y. Ltd . 
*** Wellcome N.Z. Ltd . 
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fenc e s  whi ch l ead to a large p en ( Pienaar 1 97 3 ) . 

In New Zealand ind ividual de e r  have been captured in 

pens where a tri p  wi re released a spring gate behind 

the animal ( R. Brooks pe rs . comm . ) .  A jump fence i s  

often u sed .  This i s  where a fenc e of  a d e er paddock 

is mad e t o  appear l ow ,  approx imately 1 m ,  from the 

out side but be cause  of the  e xcavati on at th e foot it 

is at le ast 2 m on the inside . This has made it  

easy for animal s to enter  but d ifficult t o  e scap e . 

The use of a turnip c rop has b e e n  used to  attract them .  

The dropping o f  ne t s  from he licopt e rs has been 

tried during the wint er  c apturing period s but was 

unsuc c e s sful.  Bulld ogging i . e .  the dropping of a 

man f rom a helicopter ha s been us e d  for calve s ,  hind s 

and yearlings , but t his  has r e quired heavy falls of 

snow . The snow slows or immobilis e s  the animal 

( Wallis and Faulks 1 976 ) . 

Tran sportation 

A full d e script ion of th e problems of transport­

at ion for individual or groups of a nimal s has been 

given by Hirst ( 1 97 3 ) .  He f ound that "under  field 

cond iti ons the operato r n ormally has l i t tle opti on 

but t o  t ransport stre ssed  animal s , however , he can 

minimis e the effe c t s  by e fficient handling and l oading 

with a ·minimum of di sturbance  and noise . "  

I t ha s been well d o cumented that in dome sticated 

animals t ranspo rtati on wi th i t s  asso ciated stre ss e s  

can cause many probl em s .  A good example i s  the 

transport tetany in feed lot lambs ( Pi erson and Jen sen 

1975 ) .  

5 



Transportati on method s  di ffer f or e ach spe cie s 

of animal . For wi ld deer t ran s port has usually been 

by mot ori sed  vehicle with a subdivided form of loo se 

b ox which may confine two or thr e e  animals in e ach  

c ompartment . 

The re are two s tage s of t ransportati on : 

( i ) Transport  from the site of cap ture to  th e 

c en tral c olle ction point . 

( i i ) Transport from t he central colle ct ion point 

to hold ing pens on the farm . 

The f irst stage , dep ending on the t e rrain , s ome­

t ime s required the use of a he licopte r  ( Wall i s  and 

Faulks 1 9 76 ) . A flying time o f  up t o  3 0  minutes  

was report e d . 

Transport f rom the c entral c ollection s it e  has 

usually been by moto ri sed vehi cle and often over rough 

road s .  I t  was found e ssent ial that each animal had 

enough room t o  avoi d  b e ing trampled when lying re cumben t .  

F or sh ort d istanc e s  feeding and wat ering facili­

tie s have not been found nec e s sary . Floor c overing 

in the form of s t raw or sand to allow a good footing 

and a tarpaulin spread over and around the to p t o  

pro t e c t  t h e  animals from wind and sun have b e en re­

commende d  ( Hir s t  1 973 ) .  

Tranquillizat ion 

Tranquillizers  given p ri or t o  transport have 

allowed e asier and safer handling of fracti ous 

animals but have not been c onsid ered a substitute 

f or e fficient handling and d e s irable f ac ilit i e s  

(Hirst  1 97 3 ) .  With tranquilliz ers animals have been 

m ore likel y to bec ome re c umbent ;  this has t ende d  to  

reduce the stre ss  of t ransport but may lead t o  gre at e r  

6 



dange r of trauma from t rampling . 

The tranquilli zers  most fre quently use d  are 

acetylpromazine and chloropromazine . The b enz odiaze ­

p ine derivat ive s ( e . g. Valium*) have been found use­

ful for more fract ious animals ( Hi rst 1 973 ) . 

Traumatic injuri e s  are a common seque l to  tran­

quillizat ion and should be t reated  as soon as possible 

( Hirst 1 973 ) .  Tranquillizers have also affe cted the 

heat regulatory me chani sms and hypothermia during 

t ransport has oft en b e e n  a c omplicat ion . Another 

c omplication ha s been pneumonia due t o  inadequate 

pro t e c t ion from wind; the o c c ur renc e of such infec t i ons  

has  been  r educed by the  adminis t rati on of antibiotic s  

( Hi rst 1 973 ) .  

I t  was al so re c ommended by Hirst ( 1 9 73 ) that 

ungulat e s  on long j ourne ys should not be allowed to 

remain re cumbent for m or e  than one hour . Regular 

d i s turbance from re cumbency reduc ed problems of 

circulat ion in the l imbs . 

The release sit e should be clear of dangers 

such as wire fence s ,  hole s ,  large stone s e tc .  and 

should be l evel . Hirst  ( 1 9 7 3 )  re c omme nded  that 

animals be released w i th little fuss or noise from 

the trans porter int o a s mall enc los ure whi ch is 

boarded up , to all ow the animals t o  recover from 

t ranquillization and be come calm after  their ordeal . 

The exit gate should the n b e  opened gently and the 

animals allowed to venture forth at the ir leisure . 

* Roche Product s  ( N .Z. ) Ltd . 
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THE DIS EAS E PROCESS 

Clini cal signs 

The clinical d i sease varie s according t o  whe ther 

the case is  ' acute ' or  ' chronic ' i . e . whethe r  the 

animal d i e s  within 30 minute s  to 48 hours aft e r  capture 

or l.vheth e r  i t  live s for  several d ays or w e eks.  S i gns 

have appeared i rrespe ctive of the me thod s or drugs 

used for capture . 

In chroni c case s ,  d eath f rom heart failure may 

oc cur at any time up to one month a fter  capture with­

out pri o r  warning s igns (Young 1 96 6 ) . However ,  it  is 

more usual to observe some symptoms. The se  may includ e 

a clini cal s tiffne s s and lamene ss due to the imprope r 

func tioning of mus cle  groups . This may be bilate ral , 

but the development of  the signs may progre s s  asymmet-

rically . I f  the neck muscl e s  are affected  torticoll i s  

and opi sthotonus may be s een . Depre ssion ,  dehydrati on 

and/or myoglobinuria may oc c ur. In the acute  case 

laboured r e spiration and tachycard ia occur,  along with 

pain , mus cle t remor s and oft en te t raplegia (Yo ung 1 97 2) .  

In additi on t o  the above sympt oms , Wobe ser  e t  al 

(1 976 ) found that a white-tailed d e e r  (Od o c oileus 

virginianus )  on the day following capture , a ppeared 

oblivious t o  humans and offere d  no re sistanc e t o  

handling. The r ectal t empe rature was 37 . 8°C ,  heart 

rate 98/min and the re spiratory rate was i rre gular. 

The e ye-body attent ion and swallowing reflexe s were 

abs ent and there were no withdrawal reflexes in any 

l imbs .  However ,  the patellar re flexe s were bri sk 

and the anal refl ex was normal . 

8 



In the experimental cond i tion induced by chasing 

z ebras ove r  short d i stanc e s  Hofmeyr et al (1 9 73 )  found 

the card iac and re spirato ry r at e s  t o  be elevated and 

tha t a mod e rate but s ignificant inc rease in re ctal 

temperature also occurre d  (Table I I ) .  The se change s 

were c onsidered to  re pre sent normal physiological 

9 

ad justment s t o  strenuous e xe rcise but it was c onsidered 

that the d iffe renc e s  b e tween the experimental group and 

the c ontrols showed th e former to b e  under conside rable 

stre s s .  However,  M99 E t orphine hydrochlorid e , the im-

mobilising d rug used cause s tachycardia and re spiratory 

depre ssi on . Because of this no d efinit e c onclusions 

were drawn . 

Harthoorn et al (1 9 74 )  al so e xperimented with z ebras 

but immobilis ed the animals manually and not by d rugs . 

The animals w e re given extensive exercise ove r  short 

di stance s  and the clinical parameters were measured 

shor tly after  capture . They also found that re spira-

t ory , cardiac rate s and re ctal temperature s  were e levated . 

Although different d i s tanc e s  were run the parame ters'  

value s gene rally appeared t o  be higher than tho se 

rec orded by Hofmeyr e t  al (1 973 ) . De spit e complete  

re st  one animal ' s  heart rate rose  to  360 beats/min . and 

the re spiratory rate remained rapid (56/min). Another 

0 animal's t empe ratur e rose to 43 . 0  C. Clini cally 

Harthoorn e t  al (1 9 74)  found the zebras were d is inclined 

t o  move when placed  on their feet and 30 minute s  after 

c apture were almo st incapable of rising. Death o ccurred 

from 30 min to 1 2  hours afte r  cap ture . 

Heart rate s  o f  1 1 2-1 25/min, re spiratory rate  40 

to 9 6 /min. and rectal t emperature s 4 1 °C t o  42°C were 



TABLE II  

Compari son of rectal t emperature s ,  cardi ac and 

re spiratory r ate s betwe en c ontrol  and chased z e bras 

( Hofmeyr e t  al 1 973 ) . 

1 0  

Control S . D .  Expe rimental S . D .  

n = 5 n = 6 

mean c ardiac rate /min 6 8. 0  + 1 3 . 4  1 5 2. 3  ±44 . 3 

mean re spiratory rate/min 1 3 . 7  + 4 . 6 24 . 7  + 5 . 8 

mean re ctal t emperature ( oC )  38. 73 + 0 . 49 40 . 04 + 0 .3 



obtained by Hartho orn and Van der Walt (1974) from 

Ble sbok after chasing th em ove r  various d i s tance s and 

cat ching them manually . 

Physiological and b i ochemic l change s 

An apprehensiv e  animal can suffer physiologic al 

and pathologic al change s which acco rding t o  Basson 

and Hofmeyr (1 973) re sult from a mas s ive release of 

adrenaline as part of the react ion to fright and fear 

and to an acido s i s  a s  a re sult of profound biochemical 

change s .  

Hofmeyr e t  al ( 1973) inve stigated the blood 

biochemistry in z e bras and fo und that animals cha sed 

to  exhausti on before dart ing had irrever sible  bi o-

chemical change s .  By c ontrast , animal s usually 
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survived when the re was minimum alarm and dis tur bance .  

Hofmeyr and eo-workers noted  a s imilarity be tween th e 

blood chemis t ry of chased animals and one that had died  

from the c onditi on on a previous o c cas ion .  I t  was c on­

c luded that the b i o c hemical change s were typical of 

capture myopathy and t hat because o f  t he pe rsis tence 

of such constituents  a s  lac tate in the blood , such 

change s we re p rolonge d .  

Harthoorn e t  al (1974) al so found that a nimals 

pursued .intensively ove r sho rt di stances are the mos t  

susceptible t o  capture myopathy . In affe cted zebras 

they observed change s in blood pH , base exce s s ,  buffer 

base , plasma and total b icarbonate; the degree of 

change was c ons istent with an acute and profound 

acidosis . 

In a study of nine sele cted animals ,  they e stimated 



the d i s tanc e  each animal ran before c apture and 

measure d th e r e spirat ion rate , pulse rate and t empera­

ture . S ix animals whi ch rec e ived t reatment ( se e  p .  1 9) 

survived ,  wh ereas the untreat e d  zebras d ied th irty 

minute s t o  1 2  hours post capture . The blood pH in 

the se latte r  animal s dropped to about 6 . 5  and th e 

heart and re spirat ion rates remained rapid de spit e 

complete  re st . Pulmonary oedema o ccurred in the 

untreated  animals within thirty minute s to 1 2  hou rs 

post capture . It was believed by Harthoorn e t  al 

( 1 974 ) that f ear and shock , also  c ontributed to  the 

acido t i c  s tate . 

Variati on in specie s susceptibility has b e en 

report e d . Harth oorn and Van der Walt ( 1 974 ) found 

that the blood pH fell more in ble sbok ( Damaliscus 

dorcaB phillipsi ) than in th e zebra ( Eguus s p . ) 

aft e r  animals w e re intensively chased  over shor t 

d i stan c e s  of about two k ilome te rs . Animals chased  

ove r  longer d i s tan ce s suffered a le s s  s evere ac ido sis 

probably be cause of c ompensatory me chanisms c oming 

int o play . 

I t  appears that the myopathy syndrome with i t s  

conse quent biochemical change s is more severe follow­

ing a short period of maximal exercise . Acid-base 

s tud i e s  in s ome detail have b e en d one on humans .  

Osne s  and Hermansen ( 1 972 ) found that s hort per i od s of 

maximum exercise in humans re sul_ted in an acidosis, 

mainly re sul ting f rom a high lactate l evel ( 32 . 1 mmol/� ) 

low plasma b icarb onate ( 2 . 6 m Eq/R) , pco2 ( 1 4  mm Hg) 

and a base e xc e s s  of -34 . 0  m Eq/� . There was a high 

ne gat ive c orre lation between lactate and b icarb onate 

1 2 



levels.  The main conclusions made by Osne s and He rman-

sen (1972) were that the work intensity,  durat ion and 

type of work , and the amount of muscle mass involved 

control  the l evel of lactate attained in the blood and 

that this l evel was higher f ollow ing maximal inter-

mittent e xe rcise  than during maximal continuous e xerc i se .  

Anoth e r  possible factor affe cting the producti on 

of lactate i s  the animal� d e gree of fi tne ss.  I t  has 

been shown by Jorgensen and Hyldgaard-Jensen (1975) 

that unfit  pigs when exercised  build up a high level 

of lactate in t he blood whi ch is slow t o  re turn t o  

normal. In c ontrast  p i gs which were t rained on an 

ergome te r for a pe rio d  o f  one year and s imilarly 

exerci sed , had a brief initial r i se of lactate whi ch 

dropped below the no rmal re st ing level du ring the exer-

cise.  H i stochemic al studie s of the mu scle fibre s 

indicate that the main d i fference s be tween the fi t 

and unfi t  p igs were the highe r level o f  myoglob in and 

the 5 th isoenzyme o f  lac tate d ehydrogenase (LDH
5) 

pre sent in the fi t animal s .  The mos t intense exerc ise 

requi red by wild animals would be of short durat ion 

when e s caping from a predat or . Long arduous runs 

would b e  unc ommon .  

The role of  adrenaline 

An animal in a s tate of fright release s adre naline 

into it s c irculatory sys t em .  The effect  of adrenaline 

ha s been s tudied in pigs whi ch have a stre s s  adaptati on 

difficulty  and show the charate ri stic  signs of mus cle 

tremor and reluctance  to m ove . The se clinical s igns 

may progre s s  t o  marked d yspnoe a ,  irre gular alte rnating 

blanched and r e ddened areas o f  s kin , inc re ased  b od y  
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t e Qp erature , cyanosis and d evel opment of  an acidosis  

c o ndit ion.  I t  may be followed by t o tal collap se and 

deat h .  The se p igs are refe rred t o  a s  " stre ss susceptible " 

pigs ( Tope l  et  al 1 96 8 ) . Post m ortem c hange s show a 

varie ty of mus cular change s includine tho se c l o se ly 

re se mbling post  c apture myopathy . 

The levels o f  adrenaline s e cretion f ollowing 

stimula tion o f  pigs by ele ctri cal p robe have been 

stud ied  (Van der Wal 1 970, Topel et a l  1 974 ) . It  was 

found tha t  there was a c onsiderable and imme diate elevation 

of  adrenaline in both normal and stre s s  suscep tible pigs .  

The level in the stre ss s us ceptible group was 8-10 time s 

the ba se level and in normal pigs 4-5 time s .  Thirty and 

sixt y  minut e s  after stimula tion th e level of adrenaline 

1 4 .  

was highe r in the stre ss suscep tible group than in th e normal . 

Ne chani sms as t o  hovl high l actate l evel s o ccur 

have be en  studied in stre ss  susceptible pigs .  It  is 

pos si bl e  that s imilar me chanisms operate in the post ­

capture myopathy syndrome , although n o  stress susceptibi­

lity such as o c curs in pigs ha s been shown to  o ccur· in 

wild animal s .  Adrenaline s timulate s glycogen break­

d own with re sultant e l evation in bloo d  gluc ose levels 

(Kre bbs e t  al 1966 ) .  In s t re ss sus cep t ible p igs high 

leve l s  of blood gluco se are formed . Whe n mus cle cell s 

reach the i r  metabolic  capacit y ,  nicotinamide-adenine 

dinucleotide (NAD ) which i s  required for  glycogen break ­

d o �� is  r e generated fro m  the reduced fo rm by c onverting 

pyruvate  to l actat e  (White e t  al 1 968 ) . The lactate 

produced diffuse s  rapidly from the mus cle  cel ls int o  

the blood (de Duve and Hers 1 95 7 ) . In s tre ss suscep t ible 

pigs blood lac tate leve ls can increase from 1 . 5 7  mmol/1 



t o  1 9 . 04 mmol/1 in a few minut e s  when stre ss such as 

force d exer cise i s  applied ( Wei ss et al 1 974) . The 

rate of pH d e c rease i s  more rapid than i n  normal pigs 

and take s nearly twi c e  a s  long to return to n ormal 

( Topel et al 1 974) . The rapid accumulation of blood 

lactate, al ong with the high muscle lactate is a ma j or 

factor in muscle n e c rosis ( Topel e t  al 1 974) . The se 

change s in conjuncti on with the extreme acidotic  con­

d ition which develop s ,  appear important in e xplaining 

the high incidence  of d eath s in the se animals .  

Hofmeyr e t  al ( 1 9 73) found that bl ood gluco se  

levels in  cha sed zebra had risen markedly an hour 

after immobilizat ion wi th an etorphine hydrochloride 

( M99) /acetylpromazine mixture . An adrenaline role 

was postulated or a deple tion of oxygen re serve s and 

a swit ch t o  anae robic  metabolism . There was also a 

marked ri se o f  blood gluc ose in an immobilis e d  stand­

ing group o f  animals and it was possible that this 

c ould have b e e n  d ue to the drug. Lactate level s  also 

rose markedly in  th e cha sed group . 

Adrenaline also p lays a role in re sp irati on . 

Following a large intravenous d o se of  adren aline there 

is a period of apnoea ( Lewis 1 96 5 ) . This i s  a reflex 

due to th e effect  of the high arte rial blood pre s sure 

upon pre ssure re cept ors in the carotid sinuses and 

aortic arch . Smaller th erapeut ic d o s e s  stimulate 

re spiration , i nc reasing rate and depth . Pulmonary 

vent ilation is  inc reased, a s  i s  the consumption of 

oxygen . One of the physiological r oles o f  adrenaline 

i s  probably to inc rease pulmonary ventilati on and hence 

t o  increase the e ff iciency at whi ch blood c an  be 
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oxygenated ( Lewi s 19 6 5 ) .  

Some othe r e ffects of adrenaline are : -

( a ) A ri se  in s erum potass ium and chole ste rol and 

a fall in se rum organic phosphate l evel s .  

( b )  An e o sinopen ia due to a non-specific a ction 

on the ante ri or pituitary adrenocorti cal system . 

( c )  An increased rate of se creti on of hormone s from 

the adrenal cortex via the anteri or pituitary . 

The effe cts of the ante rior p ituitary are 

ac companied by a fall in a sc orbic acid  and 

chole ste rol in the adrenal gl and s . 

In  c ondition s  of stre s s  it i s  l ikely that adrena-

l ine i s  re s ponsible for the rapid re sponse by the 

adrenal cortex . I f the stre ss  condi ti on persists 

then some other  me chani sm must tak e over ( Lewi s 196 5) . 

Jl'li sc ellane ous bi ochemic al change s  

While much o f  the late r bioch emi cal work in post 

capture myopathy has been dire cted towards  the s tudy 

of acid /base me chani sms ( Harthoorn and Young 1 974 : 

Harthoorn and Van d er Walt 1974 : Harth o o rn et al 

1 974 ) ,  some biochemical m easuremen ts  were made earlie r. 

The fi rst of the se was by Young ( 1 96 6 ) in Red Hartebee ste . 

H e  me asured the serum glutamic oxalo aceti c  transaminase 

( S GOT ) : serum glutami c  pyruvic transaminase ( SGPT ) and 

b lood urea nitrogen ( BUN) in five captured hartebee ste 

2 -3 day s  post capture and again s even day s  later .  

The se  value s were compare d with another ha rtebee ste 

whi ch had been c apture d  a few week s previously . It 

was f ound that the S GOT, S GPT and BUN value s  for t he 

fir st group of measurement s were v ery much higher than 

the c ontrol .  The level s for t he survivor s were much 



closer to those of the control one we ek la ter . These 

levels were taken  t o  ind icate mus cle damage rathe r than 

other organ damage . Hofmeyr et al ( 1973) measured , in 

additi on to glucose and lactate ,  plasma creatine pho s­

phokinase ( CPK ) and plasma osmolality in chased zebra . 

The CPK leve ls ro s e  to  a level four times that of the 

rest ing value but returned to normal with in one hour . 

In animals with severe lactic acidosis and muscle 

damage the l evels o f  S GOT, CPK and lactate dehydrogenase  

( LDH ) were f ound to  be high and this was thought t o  

indicate impending heart failure and shock ( Harthoorn 

and Van Zyl 1 9 72 ) . The red discolouration of th e  plasma 

could be seen in some affe cted animals and was pre sumably 

myoglobin ( Harth oorn and Van der Walt 1974). Levels of 

potassium have n o t  been published in affe cted ante lope 

and zebra but in stress susceptible pigs they have risen 

to levels of f ou r  time s or more the normal leve l .  

Haemat ologic al and urine change s 

S iebold e t  al ( 1 9 7 1 ) me asured the haematological 

paramet e rs of the Macaca monkey prior t o  and duri ng 

the idiopathi c myonecrosis and myoglobinuria afflicting 

it . They f ound that th e haemoglobin , haematocrit and 

white c ell c ount s  r o se on the first day of illne s s  and 

then began to return to normal . The ri s e  in white cells 

{ mainly neut rophils ) was supposed ly due to muscle ne c ros i s .  

The sli ght dehydrat ion was treated with intravenous fluids .  

Urine examinati on on the se cond day of illne ss revealed 

cloudy yellow uri ne w it h  a pH of 6 . 0  and pos itive value s 

of albumin and sugar. Micros c opically red blood cells 

c ould be seen in  the urine along with g ranular cast s . 

I t  was found by Hofmeyr e t  al ( 1 973 ) that  animals 

suffe ring from more prolonged s t re s s  had increased 



haematocri t s  whi ch we re signifi cantly great e r  in the 

expe rimentally chased an imal s as c ompared with the 

expe rimen tal standing group ( P<O . 0 1 ) .  Value s had 

re turned to normal within one h ou r .  Change s in 
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haemat ocrit and o smolality read ing s al ong with cardiac 

and respiratory rate change s were thought to be brought 

about by a reac tion to cate cholamine s such as adrenaline 

which were released a s  a re sult o f  alarm and stress . In 

nearly every case , parti cularly th e acute , myoglobin and 

haemoglobin were presen t in th e urine . 

Pathology 

The first full descripti on of t he syndrome b oth 

macroscopi c and micro scopic was made by Young ( 1 9 6 6) .  

The main gro ss le sions were pre sen t in th e skeletal 

and cardiac mus culature . The lesions descri bed in the 

l ive r, lungs , kidney and dige st ive system were mainly 

c onge st ion w ith some nephrosis p re sent in th e kidneys . 

The muscle lesions appeare d  pale and ne crotic with 

extensive and sev�haemorrhages frequently be ing present . 

S imilar le s i on s  were pre sent in the muscle s of the 

auricle s and ventricle s . 

Mi crosc opically , Young ( 1 9 6 6 ) d e scribed the skele tal 

and myocardial mus cle s as "a homogene ous mass with loss 

o f  striations whi ch staine d a d e e p  pink w ith eosin " . 

The sarcoplasm o f  some fi bres were calcified and whe re 

seve re changes had occurred the nuclei showed degenera­

tion . C onnective tissue replaced  necroti c  f ibres , and 

Von Kupff e r  c ells contained yellow-brown haemosiderin­

l ike material . There was tubular nephrosis , c ongestion 

and focal h aemorrhage in the k id ney . 

Late r re ports on the pathological changes of post 



capture myopathy were s imilar t o  tho se of Young ( 1 9 6 6 ) .  

Basson and Hofmeyr ( 1 973 ) noted that most lesi ons w e re 

in the mus cle s o f  the limbs and back . Although the 

muscle s were bilate rally affected th e lesions were not 

symmet rically d i stributed . Fibrotic  areas were pre sent 

in the myo cardium of apparently healthy an imal s that died  

approximately one month after capture . In their d e tailed 

d e scription Basson and Hofmeyr ( 1 97 3 ) d e scri be d  the adre -

nals a s  s ometime s being c ongested and haemorrhagic and 

the cortex atrophied . Eosinophilic  globule s were some-

t ime s pre sent in the cort ical zona glomerulosa and the 

outer  z one of the medulla .  The spleen and lymph nod e s  

were relatively small and atrophie d i n  case s with adreno-

cort ical atrophy. 

TllliRAPY 

From the care ful work on acid/base imbalance  

which oc curs in the  post c apture myopathy,Harthoorn 

and associate s ( 1 974 ) derived a succ e ssful treatment for 

affe cted  animals . They infused 1 000 m Eq o f  s o d ium 

bi carbonate d i s solved in a solut ion c ontaining the 
+ + 2+ -following ions Na , 1 40; K ,5; Mg , 3; C 1  , 98; ace tate, 

27; gluconate, 2 3m Eq/ 1 with an approximate pH of 7 . 4 .  

All s ix animals treat e d  after experimental stre s s  sur-

vived whereas t hre e untreated , which und erwent the same 

s t re ss , died within twelve hours ( see  page 1 2 ) .  About 

thirty minute s  aft e r  capture the salt solution was 

administered ove r  a period of 5-1 0 minut e s  re sulting in  

the  immed iate ce s sation o f  clinical symptom s .  Young 

1 9. 

( 1 966 ) sug�e s t e d  t hat t reatment with vitamin E and s elenium, 

systemic antibiot i cs ,  corticoid s, antihistamine s, methio-

nine,  vitamin B comple x and urinary alkalizers may be of 
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value. Since then the se have be en tried and found to  

be  of only limited value. Young ( 1 972) late r sugge sted 

that pe rhaps prophylaxi s may be of greater u se than 

t reatment. 

SUMHARY 

The po st captu re myo pathy syndrome has been de s-

cribed in many spe c i e s  of animals. It is similar to 

azo turia in ho rse s, wh ite mus cle di sease in cattle and 

she e p  and paralyti c  myoglobinuria in man. All have in 

c ommon the clini cal s igns of ataxia , paraly sis and 

occasionally myoglobinuria. 

Both the pharmacolog ical and mechanical mean s  of 

capt ure cause this c onditi on. It i s  related t o  stre s s , 

partictlia rly to forced exce s s ive exer c i se ove r a short 

period of time. 

The clini cal sign s  may be a cute or chronic and 

one of the commone st manife stati ons i s  the 'wry' ne ck. 

Hofmeyr and his eo-worke rs ( 1 9 73 ) found the clinical 

and pcys:iological change s repre sented physi ologi cal adjus t-

me nt s to exercise. Hartho orn et al ( 1 974 ) in the ir seri e s  

of e xpe rime nts  with zebra and ble sbok found inc reased 

re spiratory and cardiac rate s and re ctal temperature s ,  

change s in pH, base exc e s s, buffe r  base and bicarbonate 

c onsi stent with an acute and pr ofound acido s is. 

Lactate l evels were found t o  be the mos t reliable 

indi cat or of the degree of anae robic re spirat ion. The 

ability to  c ope wit h  t he lactat e may relate to the fitne s s  

of the animal a s  found i n  pig s  by Jorgensen and Hyldgaard­

Jen sen ( 1 975 ) ,  the unf it animal being unable t o  reduce  t he 

levels of lactate rapidly. 

Blo od lactate level s  inc rease when the me tabolic 

potential of aerobic re spirati on i s  reached, and if the 
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stre s s  continues , adrenaline continues to stimulate th e 

formati on o f  blood gluco se. After the change over to 

anaerobi c  re spiration occurs the NADH utilizes energy to 

form NAD from the conversion of  pyruvate to l actate , thus 

contributing further to the blood lactate levels. Thi s 

mechanism is sugge sted from the studie s on stre s s  su sceptible 

pig s. 

In additi on to the blood lactate level s rising , it 

seemed the mus cle lactate levels als o  ro se ,  to such an 

extent that degeneration of the muscle fibre s o ccurred. 

Adrenaline affects the respiratory �stem dilating 

the re spirato ry tubules and increasing the tidal volume 

lvhich in turn increases the s upply of oxygen and the 

excretion o f  carbon dioxide. The drugs used for capture 

are coomonly morphine related compo unds which lvi th their 

antagoni st s  are re spiratory depres sants and thus may assist 

in increasing the a cido sis. 

Hofmeyr et al ( 1 9 73 )  found that the h aematocrit and 

o smolality ro se in stressed animal s as  well as cardiac 

and respiratory rate s which they sugge sted were a response 

to catecholamine s. The later bio chemical analyse s were 

directed tmvard the elucidation of  the acid/base mechanism 

whereas the earlier work was directed towards the changes 

acc ompanyi ng the conditi on. The main parameter s  which 

changed were SGOT , CPK , BUN, potassium and lactate. 

The main gro s s pathological change s were found in 

cardiac a nd s keletal mus cles parti culary tho se mu scle s 

used in loc omotion. Other o rgans v1ere affected but the 

change s were m oderate and non- spe c ific. The af fected muscles 

were bilateral but a symmetric al. It was f o und t hat muscle 

fibre s appeared pale and necro tic in the acute cases but in 

the chronic c a ses  regenerati on and fibrosis had 



o c curred. Basson and Hofmeyr ( 1973) also de s c ribed 

the adrenals as having atrophic c orti ce s .  

Harth o orn e t  a l  (1974) published a treatme nt 

found to be e xperimentally suc c e s sful in stre s sed 

•) 2. 

zebra counteracting the acidosis and reducing myone cro sis. 



HATE RIALS AND 111E THODS 

INTRODU CTION 

It i s  apparent from the literature re view that there 

i s  no informat ion on the clinical , biochemical and patho­

logi cal change s that occur in th e po st capture myopathy 

synd rome in red de e r .  The available information refe rs 

to other spe c i e s  of animal s and it has be e n  a s sumed that 

similar change s occur in dee r. 

The experimental approach to thi s conditi on was four­

fold . 

1 .  To obtain haematologi cal and biochemic al data from 

c l inically normal farmed animal s. 

2 .  To dete r�ine the effect of capture drugs on the 

var ious haematological and biochemical paramete rs 

in the undi sturbed normal farmed animals. 

3. To obse rve the capture and post capture method s 

used in the handling of red deer and wh ere po s sible 

monitor the biochemical and haematological parameters 

dur ing thi s  pe riod. 

4. To observe as in (3) above and to subsequently 

perform a detailed pathological examinat ion on 

deer whi ch we re affe cted by the post capture myopathy 

syndrome. 

2 3. 



AN IEALS AND BLOOD S A i-::PL£ COLLE CTION !flETHOD 3 .  

The fo llow ing an imals pr ovided mate rial for clini cal 

haematological and bi ochemi cal data . 

Normal animals 

Thre e groups of farmed animals were u sed. 

( a ) Normal data for re spi rato ry rate s ,  cardiac rate s 

and tempe rature s w e re recorded fro m a group of 

30 animals not us ed f or the haematological and 

biochemical data, quie tly herded int o the Inver-

may de e r  farm yards , into a large familiar pen and 

le ft a s  a group for  two or more hour s. Group s  of 

6 or 7 were _ herded in succ e s si on int o  a small pen 

and the paramete r s  w e re recorded . 

( b ) Thirty fe male s from the Inv e rmay dee r farm , the s e  

were 1 1  at 9 month s  o f  age and 19 at 1 4  months of 

age. The y  were handled in similar fashion to ( a ) 
and then were individually held wh ile blo od was 

c olle c t ed under ste rile c onditi ons from the jugular 

ve in. 

O c casional EDTA blood s were found to have 

clott ed and were di scarded. 

( c ) E ighty six slaughtered male farm animals of  varying 

age s of  two years and older. 

The se we re he rded into h olding yards on the 

even ing prior  to slaughte r and allowed t o  stand 

and q'J.i e ten. On the f ollowing morning e ach in 

2 4  

turn was c onfined in a small holding pen and s tunned 

with a 0 . 22 bulle t and exsanguinated. Blo od sample s 

were colle c t ed immediately after the ini tial strong 

flow . 



Capture and myopathic animals 

Twentythree an imals we re ::; tud ied . 

A seri e s  of bl ood s ample s were t aken . beginning 

as s o on afte r  capture as p o ssible  usually within 30 

minute s  t o  1 hour , and at 1 to 2 h ourly inte rvals 

the reafter .  The se t ime intervals d epende d  on the 

rate and nu�ber of animal s capture d . 

Blo od sample s  and handling procedure s 

\fuerever possible a s tandard procedure for t he 

c ollec t ion and subsequent handling of blood samples  

was  adopt e d .  This standard pro cedure was d e cided 

upon afte r a literature survey and pilot e xperimen-

t at i on .  ( S chmidt  e t  al 1 953 , Penno ck and Jone s 1 966 , 

And e r s on 1 9 69 , Clark et  al 1 970 , Lewis and S toddart 

1 97 1  , Eanston et al 1 97 4, Gregozy and Re id 1 976 ) .  

Bl ood sample s  

Blood was c ollected  into 3 typ e s of containers : ­

Two 1 0  ml glass vacuta iner s ( 1 )  with hep arin a s  anti-

c oagulant . This blood was used f or pH d e t e rminati on 

and bi ochemi cal tests  whi ch did not require the use of 

an autoanalyser ( see  under  Analytical Method s ) . 

Two 1 5  ml . glass  vacutainers for  s e rum c olle ction .  

2 5 

The harve sted  serum was used  for biochemi cal measureme nt s 

by the aut oanalyse r .  One polystyrene plastic  irradiated 

c ontainer ( 2 )  c ontaining d ipotassium salt of e thylene­

diamine t e tra-acetic  acid ( EDTA )  as an ant i c oagulant 

was used for haematological e xaminat ions .  

( 1 )  Becton Dickinson Co . Ltd . 

( 2 )  Tasman Vaccine Laboratory 



Blood hand ling pro cedure 

Normal Animals 

The s tandard procedure for the handling of blood 

sample s  · c olle c ted  from the normal farmed d e e r  at 

Invermay -vras as  follows : -

Each cont ainer was labelled \vi th th e animal ' s  ear 

tag number .  

The blood saopl e s  were placed in a polystyrene foam 

hold e r .  This he ld them in the upright p o s it ion and 

prot e c ted  th em from breakage . A smear of the EDTA blood 

was mad e  with in 5 -30 minute s  of the sample being t aken . 

Blood pH values  we re d e t e rmine d from one of  the heparinized 

sample s a s  soon as  pos sible ; normally within 1 0- 1 5 minute s .  

All bl ood s  we re s t o re d  vli thin a cool polystyrene bin 

t o  prevent t empe rature change s and c onsequent haemolysis  

(Mans t on e t  al  1 97 4). 

The heparinized  and · clotted blood were cent rifuged 

at the laborat ory within 1 -2 hours after c ollecti on.  The 

plasma and serum we re transferred into four a ppropriate ly 

labelled 5 ml Bi j ou bot t l e s  and frozen unt i l  require d  

for analysi s .  

Iffirnediately after c ent rifuging and before free z ing, 

one b o t tle  of  serum from each animal was use d  for t he 

d e t e rminati on o f  t otal co 2 • 

The haemogl obin (Hb ) , packe d cell volume ( PCV ) and 

white  cell c ount ( WCC ) were determined as s oon as  po ss ible 

on re turnin� t o  the laboratory.  

one hour . 

This  was normally within 

Duplicate samples o f  blood c olle cted into EDTA were 

often taken for comparis on stud ie s .  

The handling p rocedure for blood c olle c t e d  from the 

normal s tags was similar e xcept that b ecau se of di st ance 



from th e la b o ratory to tal c o 2 d e t e roinati ons and fre e z ing 

of se rum and pla sma s am ple s we re de layed f r om up t o  4 t o  

6 hours afte r c olle c t ion. They we re, h owe ve r , stored in 

a ch illed Dewar fla sk unt il the laborat ory was r e ached. 

Captu red and myopathic animals 

'/( .  

The me thod of preparinc the bl o od sample s  from the se 

animal s  d iffered s li gh t ly from th o se for the normal sample s 

due to the i solati on of the cap ture si te s from th e laborat o ry . 

The capturing of animal s extend ed ove r a period of 

3-5  d ay s at  any one t ime and u sually 200 t o  250 mile s from 

the l ab or a t o ry ,  often in very i solated  mountainous areas . 

The pH l evels we re d e te rmined in the field within 

5 - 1 0  minut e s  o f  the blood bein� t aken o r  as  s o on a s  

po s sible using th e same me thod a s  for the norma l b lo ods.  

Blood  smears we re al s o  made with in 1 5  minute s .  

Al l bloods were k ept in the poly styrene holders in 

polystyrene foam pla st i c  b ins until re turn to the neare st 

sour c e  of e le ctricity : thi s  usually be ing the farm home­

stead . 

Blood  sampl� s were then cent ri fuged , and the Bi j ou 

bo ttle s c onta ining serum or pla sma were sto re d  in a 

heavi ly insulated Dewar f la sk containing frozen i c e  

packs . The sample s were frozen on arrival at the labora­

tory .  

EPIDEI'>UOLO GICAL DATA COLLECTI ON 

Capture d  animals were stud ied  at Me sopotamia S tati on ,  

rtangitata Valley ( 2  occasions ) ;  Papamoa d e e r  farm 

Glenavy ( 3  oc casions ) ;  S t .  Bathans S tati on , S t . Bathans 

( 2  o ccas ions ) ;  and Haldon S tation McKenzie Country 

( 2  oc casions ) ( fig. 1 ) .  Period s of working with the 

capturing t e ams took place  on the latter two stat ions , 



Mesopotamia Stn . 

� Papamoa ( Glenavy) 
Waitaki R .  

Oamaru 
Alexandra 

SOUTH ISLAND . NEW ZEALAND . 

Fig. 1 .  Locati ons where capture o f  deer was studied 



from S ept ember to De cembe r 1 97 6 . 

The data re cord shee t us ed i s  given in Table I I I . 

As it was impo ssible t o  observ e  from the heli copt er  at 

the time of tranquilli zation much of the data had to be 

re corded from the observations of the helicopter pilot s .  

POS T MORTEI\1 PRO CEDURES 

Necropsie s  were performed  on deer  that died of the 

myopathic syndrome . 

Gro ss  pathologi cal find ings we re verbally re c orded 

on tape as  the ne cropsy proc eeded . Sele cted sample s o f  

lung, myo cardium , liver ,  kidney ,  adrenals , thyroid s ,  

abomasum , duodenum , j e j unum, i leum ,  caecum ,  retropharyngeal 

lymph node s ,  tonsils , splee n ,  b rain ,  and meninge s ,  cervical 

cord , and ske letal mu scle from the ne ck , foreleg,  back and 

hing leg were pre se rved in 1 0%  fo rmalin . Whe re possible 

urine was taken . I n  later  case s ,  s ample s from liver ,  

kidneys and ske letal mus cle s only , were sele cted . Photo-

graph s  we re taken of any gro s s  l e si ons . 

Tissue s for histopathology were paraffin emb edded 

u s ing standard te�hnique s and were staine d wi th Harri s ' s 

haemat oxylin and e o si n .  I n  addi tion skeletal mus cle s 

we re s tained with pho sphotungst i c  acid haematoxylin and 

the kidneys wi th Perl ' s Prussian Blue . 

ANALYTICAL METHODS 

Haematology 

S tand ard te chnique s were use d . 

Haemoglob in (Hb) c oncent rati ons we re e stimated by 

the cyanmethaemoglobin me thod . 

Drabkins diluent ( 3 ) was used . 

( 3 )  lwledi-Chem Inc .  

Commercially prepared 
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Date : 

TABLR I I I  

Epidemiologi cal data re c ord she e t . 

Ge ographic  position : 

Climatic c ondition s :  

Capture with o r  without d rugs : 

Drugs us e d : 

Volume : 

S trength : 

S i t e  o f  inje ct ion : 

Delay before going down : 

Delay before antidote given & quantity : 

App�oximate d istance run : 

Behavi our o f  an imal : 

Rec ov e ry rate : 

Re spiratory rat e : 

Heart rat e : 

Rectal tempe rature : 

Age if pos s i ble : 

Sex : 

Nutrit ional stat e : 

Transportat ion ( a ) from capture s it e  

( b ) to  farm 

29 



The opti cal dens ity of the t e st dilution was read 

on a Pe rkin-Elme r 1 24 Spec trophot ome ter at 5 4 5  nm and 

compa red with s tand ard s oluti ons ( 4 ) . 

Packe d c el l  volume s ( PCV ) were measured by th e 

mic rohaemat ocri t me thod . Blood was c entrifuge d f or 

5 minute s  in a Hawk sley ( 5 ) microhaematacrit cen t rifuge . 

:t-1ean co rpus cular haemoglobin c onc entrat ions ( MCHC ' s ) 
Hb ( g/dl) 

were calculat e d  from the formula M CHC ( g/dl ) = PCV 

Total whit e  c e ll (WCC) numbers we re counted in a 

Hawksley ( 5 ) count ing chamber with an improved Neubauer 

rul ing. 

t i on of 

Blood was mixed with 2% acet1c acid at a dilu-

in 2 0 .  

Blood smears were s taine d with :t-1ay-Grunwald-Gi emsa . 

Di ffe rent ial c ount s we re performed using the standard 

battlement te chnique ( S chalm e t  al 1 975 ) . 

- Bi ochemistry 

Blood pHs were measured in the initial stage s o f  

thi s study using the I . L .  2 1 7 /3 1 7 Blood Gas Laboratory ( 6 ) 

but this was d is c ont inued due to  d i fficult ies of a c c e s s  

t o  thi s e quipmen1 .  All blood pHs we re sub sequently 

measured with a Transist o rized Analyti cal Pocket pH meter 

No . 1 0 1 ( 7 ) by inse rting the pH e le c trode int o  the vacu-

t ainer of heparinized bloo d .  

Be fore use standard pho sphat e  buffer s olut ions o f  

( 4 ) Dade Division American Hospital Supply Corpn . 

(5) Hawksley & S on Ltd . 

( 6 ) Instrument Laborat o ry Inc . 

( 7 )  Analyt ical Measurement s  A . D . D .  Middle sex . 
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6 . 0  and 7 . 0 were u sed to  calibrate the ins t rument . The 

me ter was al l owe d to equili brate wi th the blo o d  and the 

scale read t o  th e neare st half d ivi sion ( e quivalent to  

0 . 0 5 unit s ) . The elec trode was washed clean wi th dis-

tilled wat e r  and dried before re-us e . The me asureme nt 

was then repeat e d .  

Total Carbo n Dioxide ( C0
2 ) wa s measured with a Harl eco 

Total co2 Apparatus ( S ) ac cord ing t o  the method d e scribed 

by the manufac turers . The me thod is  a s implifie d ve rsion 

of , and has been found t o  be c omparable to , the cla s s i cal 

Van S lyke method ( Pe ters and Van Slyk e 1 9 32 , Gentry and 

Bla ck 1 97 5 ) . Sera were all owe d  to e quilibrate wi th room 

tempe ra�ure ( 20- 2 5 ° C ) before det ermination . 

Partial pre s sure of carbon d i oxide ( PC02 ) and Base Excess 

we re calculated from the known pH and t otal co2 value s ,  

us ing a S i ggard-And er sen ali gnment nomogram ( Henry e t  al 

1 974 ) . 

Lac tate leve l s  were determine d in the supernat ant fluid 

after  2 ml s of pho sphoric acid were added to whole blood , 

and by the ult ra-violet me thod u sing Boehringer ( 9 ) kits . 

Read ings were made on a Perkin-Elmer 1 24 double beam 

spe ctrophot ometer  using ultra-viole t  light at a wave length 

of 366  nrn .  

Dupli cate sample s and controls we re tested  in e ach 

bat ch of blo o d .  

( 8) Harle c o , A Division of Ame ri can Hos pital Supply 
Corp orat ion .  

( 9 ) Boehringer Mannheim G . M . B .H .  
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Urea was measured in serum us ing the Aut o-analyser me thod 

N-le . The urea reac t s  with d iace tyl monoxime ( 2 , 3 - butane 

d i one -3-oxime ) in t he pre sence of thiosemicarbaz ide in acid 

( Marsh e t  a l  1 9 6 5 ) . 

S e rum Gluc o se was e s t ima ted  by an Autoanaly ser I I  me thod 

which is based on the redu c t i on of c opper neocupro ine 

chelate ( Bi ttner and Jl.lc Cle ary , 1 963 ) . 

Glutamic oxaloac e t i c  Transaminase ( GOT ) ( Aspartate amino­

transferase . ) in se rum was e st imated by the me thod of 

Re i tman and Frankel ( 1 95 7 ) us ing a Sigma Ki t ( 1 o ) . 

Calcium and Magne sium in serum we re e stimated by an atomic 

ab sorpt ion spectrophotome t e r  using d i sodium E . D . T . A . 

diluent ( Willi s 1 9 6 0 ) . 

S od ium and Potass ium in serum were e stimat ed by the 

standard t e chnique o f  flame em ission spectro s c opy using 

a cae s ium chloride d iluent . 

Phosphat e  was e s t imat e d  in serum using th e Aut oanaly s e r  

II  molybdenum blue method using stannous c hloride reductant 

· ( Kraml 1 96 6 ) . 

Total Pro t e in ib the serum was e s timated us ing the biure t 

reaction . 

The albumen/globulin rati o was cal culate d  foll owing 

ele ctrophore t i c separation on cellulose ace tate plate s .  

After buffering th e p late s were placed in an ele ctro phoretic 

bath ( 1 1 ) c ontaining a Tris barbital buffer ( pH8 . 6 ) . Follow-

ing applic ation of the se rum sample to the strip an opera-

t ing voltage of 2 5 0  vol t s  was ap plied for 20 minut e s .  

( 1 0 ) 
( 1 1  ) 

S i gma Chemical C o .  

Shand on S outhern Instruments  L td . 
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Plate s we re s canne d by a Kipp and Zonen ( 1 2 ) dens itome te r  

af ter  staining with Penceau O . S .  stain . 

Urine Analys is 

When pos sible the urine wa s colle cted  in cle an sterile 

gla s s  bo ttle s .  The spe cifi c  gravity was me asu red with a 

spe c i f i c  gravity re fractome t e r ( 1 3 ) . T e st s for  urine pH 

and the pre sence of bl ood , gluc ose , pr otei n and ke tone s 

we re a s se s sed wi th bililabstix ( 1 4 ) .  

The pre sen c e  of myoglobin was d e t e rmined us ing a 

salt pre cipitat ion t e chnique . Thi s depended on myoglobin 

be ing soluble in 70% ammornum sulphate whe reas haemogl obin 

was n o t  ( Bl bndhe im et al 1 9 57 ) . 

S TATI S TI CAL ANALYSES 

The me an , standard d eviat ion , standard e rror and 

co -effi cient of variat ion for e ach gr oup o f  d ata were 

cal culat ed by the s tandard formulae ( s e e  appendix P . 85 ) . 

Data c ompari sons be tween diffe rent group s o f  a nimals 

we re analysed by S tudent s ' t '  t e st and stand ard me thods 

for t he analy sis  of variance . The method and pro cedure s 

for the se analyse s are de s cribed in the appendix P . 86 . 

The probability of s i gnificance was t aken a t  the 5% 

level ( p < 0. 05 ) • 

( 1 2 ) Kipp and Zonen C o . Ltd . 

( 1 3 )  Uri con-Atago Opt ical Work s  C o . Ltd . 

( 1 4 )  Ame s Co . A Divi sion of Jl1ile s Laboratory 



RESULTS 

NORJ>iAL CL IN I CAL, HAEMATOLO GI CAL AND BIO CHEMI CAL PARAMETERS 

Clini cal 

Data for r e spi ratory rate , heart rate and the r e c tal 

tempe rature s  in normal re s ting one year ol d male and f emale 

deer are pre sented in Tabl e IV . 

The re we re no apparent di ffe rence s be twe en sex for 

these clini cal parame ters . 

Haematologi c al 

Hist ogram s o f  the haemoglobin value s for 86 mal e s  

and 2 5  o f  the 3 0  female s are sh own i n  Figs . 2 and 3 

respe c tive ly .  Mean and s tand ard deviat ion value s are 

al so shoY.m . Both s ex groups sh owed a normal Gaussian 

d i st ribut ion in the valu e s . The re were no si gnifi cant 

diffe rence s behre en the value s fo r females  and male s or 

betwe en th e six/nine months old and the 1 9/ 1 4  months old 

female group . 

The va lu e s  for pa cked c ell vo lume ( PCV ) in ma l e s and 

female s are sh own in Figs 4 and 5 .  Within t he female s 

there was n o  significant d i ffe rence be tween the two age 

groups ac c o rding t o  the analysi s of variance but there 

was accord ing t o  the S tudent s ' t ' te st : female PCV 

levels d i ff e re d  significantly ( P � 0 . 05 ) from that of the 

male s .  

The t o tal leucocyte c ount s ( Figs . 7 & 8 )  of t he 

1 4  month o ld female s  were significantly higher than 

e ach o f  the othe r two groups ,  according to the analys i s  

of varianc e  but not w i t h  the S tudent s ' t ' t e st . 

The d ifferent ial c ount showed a reversal of neutrophil ; 

lymphocyte rat i o ,  changing from low : hi gh  to h igh : l ow 

re spe ctively with inC3r-e asing age . 

3 4  



TABLE IV  
I 

Re spiratory rate s ,  heart rate s ,  and re ctal temperatures in clini cally normal 
1 ye ar old red deer 

Parameter Sex 

Re spirat ory rate M 
( /min ) 

F 

All 

Heart rate M 
( /min ) 

F 

All 

Re ctgl Temperature · 

( C ) M 

F 

All 

x = Mean 
S . D .  = S tandard deviat ion 
S . E .  = Standard error 

No . of 
Animals 

1 2  

1 5  

2 7  

1 2  

1 5  

27 

1 2  

1 5  

27  

C .  V.  = Coefficient of variati on 

S . D .  S . E .  C .  V . %  
X 

5 1 . 5  1 6 . 27 4 . 6 97 3 1  • 59  

49 . 2  1 5 . 7  4 . 05 4  3 1 . 9  

5 0 . 2 1 5 . 7  3 . 02 3 1 . 3  

79 . 5  1 4 . 5  4 . 1 86 1 8 . 24 

8 1 . 2  1 2 . 4  3 . 20 1 5 . 2 7 

80 . 44 1 3 .  1 5 . 1 9  1 6 . 28 

4 0 . 1 3  0 . 28 0 . 08 . 698 

40 . 2 3 0 . 67 0 . 1 73 1 .  6 6 5  

40 . 1 8 0 . 53 0 . 1 0  1 .  32  

'vJ 
V1 
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Fig 2 Distribution of haemoglobin levels ( g/lOOml ) in 86 adult males 
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F ig  6 : Distribution of W. C.C. in 27 females 
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Bio chemical 

The value s of th e bi o chemi cal parame ters  f o r  normal 

female and male d e e r ,  al ong wi th an ind i cation of s i gnifi-
_ _ _  ...... _ - - · - - L - ..J 1-. -- L l- - _ _ _ , _ _ _ .,: _  -. ..&"  --- - .! - �- - - "l.. _ ...J_ _ _ _ _ _ _ t .,  

P . 36 line 4 correction 

With the e xc e p ti on o f  the pH , albumin , bl o o d  ure a ,  calc ium and 

magne s ium value s , 

were pre sent be twe en th e d iffe rent group s f or all parame t e r s  

me asured . The most marke d d i ffe rences were found f or 

potassium , sodium , glucose and S GO T  value s ( Table V ) . 

The elec tro phore tograms for serum proteins were 

similar for all d ee r  s ample d .  This was irre spe ctive of 

age or sex . A re pre sentat ive sample · o f  the pat tern 

obtained i s  sh own in fig.  9. 

THE EFFE CT OF DRU GS ON HAEivlATOLO GI CAL AND BIOCHENI CAL 

PARAME TERS . 

The re sult s for the vari ous haematological and bio-

3 6  

chemical parame ters in blood , colle cted from deer tranquilli­

zed with ei ther xylaz ine hydrochloride*  or fentanyl-azaperone** 

mixture are shown in table VI . The e ffe ct of the tranquil-

lizers i s  t o  l owe� the level of many of the parame ters . 

S tati s t i cal comparison of data ( Table VI I ) from d e e r  

affe cted w i t h  the mo st commonly used tranquilli z e r ,  

fentanyl-azape rone , with normal value s shows that the 

d iffe renc e s ,  except f or blo od urea , gluc o se and cal c ium ,  

we re significant ( P <  0 . 05 ) .  

Bl ood gas analyse s we re unable to be measured in 

the blood sample s c ollected from fentan.yl-a�ape rone 

tranquillized animal s .  I t  was note d ,  h owever ,  that the 

blood a ppeare d a very dark red in c ol our sugge sting little 

oxyhaemogl obin was pre sent . 

* 11 Rompun" ( Ba.yer ) 
*** "Fentaz" ( E thnor ) 



TABLE V 
ormal value s for t he b io chemical p arame ters in the two female and one male groups 
ORMALS 9 m . o . F  1 4  m . o . F  1 8  m . o . M 
·arame ter N x S . D .  S .E .  C . V .% x S . D .  S . E .  c . v .% X S . D .  S .E .  c . v . � >H 3 3  7a,2 5 5  . 097 . 0 1 7  . 1 • 34 2 5  7a_289 . 0 5 7  • 0 1 1 0 . 78 
!co2 3 1  6 1 � 38 1 3 . 6 2 2 . 45 22 . 2  25  5 0n 6 5  7 . 0 1 1 . 4 1 3 . 8 4 
Bicarbonate j 4 26 . 03 a 2 . 4 4  . 42 9 . 37 2 5  2 3 . 43 .b 3 .  7 1  . 74 1 5 . 96 
Lactate ' 2 7  1 .  9 4  1 .  043 . 2  5 3 . 76 
( mmol /1 ) 
Total serum Proteins 1 0  5 8 . 6  6 . 45 2 . 04 1 1 . 0 1 9  6 6 . 1 9  1 .  38 . 3 1 6  2 . 08 89 66 . 08 5 . 9 6 . 6 3 9 . 02 
g/1 a b b 
Albumin 1 0  34 . 3 2 a 6 .  1 2  1 . 9 3  1 7 . 83 1 9  )3 , 3 4 a 3 . 6 4 . 835  1 0 . 92 28 3 3 . 6 7 a 3 . 5 9 0 . 68 1 0 . 6 6 
Globulin 1 0  24 . 28 a 5 .  6 3  1 .  78 2 3 . 1 9  1 9  3 2 . 1 9 b 4 . 77 1 .  09 4 1 4 . 82 28 28 . 72 a 3 . 74 0 . 7 1 1 3 . 0 2 
ratio A/G L 4/ 1 1 • 04/ 1 1 . 1 7/ 1  
S GO T  ( S . F . U . ) 1 0  44 . 37 8 . 76 2 . 77 1 9 . 74 1 9  5 6 . 9 3 1 6 . 77 3 . 85 29 . 46 90 1 1 0 . 9 4 48 . 2 7 5 . 09 43 . 5  

a a b 
S GPT ( S . F . U . ) 1 1 0  1 2 . 7  1 .  98 . 6 3 1 5 . 6  1 9  1 9 .  1 1  4 . 3 2 . 9 9 22 . 6  40  1 9 . 7  3 - 5 4 . 5 6 1 7 . 97 

b a a 
Blood urea 1 1  1 1 . 24 1 .  24  . 37 1 1  • 03 1 8  9 . 9 3 1 .  04 . 2 5 1 0 . 47 90 1 1 . 0 6 2 . 05 . 2 2 1 8 . 5 4 
( mmol/1 ) a a a 
Pho sphate 1 1  2 . 45 . 25 . 08 1 0 . 2  1 7  2 . 43 . 4  . 097 1 6 . 4 6 89 2 . 08 . 5 5 . 0 6 2 6 . 4  
( mmol/1 ) a a b 
Gluc o s e  1 1  9 . 44 2 . 64 • 79 27 . 97 1 8  6 . 99 1 .  1 2  . 26 1 6 . 02 88 1 0 . 09 3 . 3 9 . 3 6 33 . 6  
( mmol/1 a b a 
S odium 1 2  1 5 3 . 25 1 7 . 3 6 5 . 0 1 1 1 . 3 3 1 8  1 30 . 67 8 . 8  2 . 07 6 . 73 90 1 5 4 . 7  1 5 . 88 1 .  6 7  1 o .  26  
mmol/1 a b . a 
Potas sium 1 1 4 . 74 1 . 2 . 36 2 5 . 32 1 8  3 . 4 2 . 3 6 . 085  1 0 . 5 3 89 9 . 8 1 5 . 5 1  . 5 8 56 . 1 7 
mmol/1 a a b 
Calcium 1 1  2 . 2 2 • 1 8  . 05 8 .  1 1  1 7  2 . 2 1 . 5 8 • 1 4  2 6 . 2 4 90 2 . 2 2 • 1 4 . 0 1 5  6 . 3  
( mmol/1 ) a a a 
Magne s ium 1 1  • 75 . 08 . 02 1 0 . 6 7 1 7  . 72 . 04 • 0 1  5 . 5 6 90 • 7 1  • 08 • 0 1  1 1 . 2 7 
( mmol/1 ) a a a 

N . B . Parame ters wit h  the same le t te r  in the same rqw do nq t q i rfer li�ificant}y ivith the analy s i s  of 
variance ,  parame ters with d ifferent letters d 1ffer s1grnf1cant y P < 0 .  05 

x = Mean S . D .  = S tandard deviat ion S . E .  = S tand ard error C. V.  = Co-e ffi cient of variation 
VJ 
-..J 
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F ig 9 : A representative normal E lectrophoretogram 

( 8 1 8 ) 
Total Pro t e in 57 . 3g/l , 
Albumin 35 . 0�[1 .0( 1 ,  1 • 1 g/1 ;  
d..2 ,  2 . 3g/�j CA) , 2 . 3g/l : 
p, 5/7g/l ; �' 1 0 . 9 g/l 

40 

50 

60 

70 

80 

90 



TABLE VI 

Haematological and bi ochemic al value s in bloo d colle cted from Red Dee r  t ranquill ized Hith Rompun 
and Fentaz . 

Parameter 

Hb 
P . C . V .  
M . C .H . C . 9 W . C . C .  X 1 0  / 1  
Neutr " 
Eosin " 
Lymph " 
Mono " 

pH 
Pco 
Bic�rbonate 
T . P .  
Albumin 
Globulin 
S GO T  
S GP'I'  
Blood urea 
Pho s .  
Gl�cose 
N� 
K 
ea++ 
X = Mean 

Sex N 

M 8 
8 
8 
8 
8 
8 
8 
8 

x 
1 2 . 35 

. 3 37 
36 . 7 1 

5 . 375 
4 . 2 90 
0 . 05 1  
0 . 872 

• 1 4 5 

8 7 . 425  
8 45 . 25 
8 2 8 . 98 
7 67 . 3  
7 33 . 2  
7 3 4 . 1 
8 1 oo . 75 
8 2 1 . 59 
8 1 0 . 96 
7 2 . 1 7  
6 1 2 . 93 
8 1 5 1 . 5  
8 2 . 8  

S . D .  = S tandard deviat ion 
S . E .  = S tandard error 
C . V .  = Co-efficient of variation 

ROMP UN 
S . D .  

1 . 4 
. 04 
. 697 

1 .  99 
1 .  796 
0 . 058 

. 33 9  

. 1 45 

. 09 2  
7 . 854 
4 . 58 
2 . 92 
1 .  6 9  
2 . 33 

23 . 1 8  
4 . 86 
1 . 2 

. 73 
5 . 2 3 

1 3 . 5 9 
. 65 

S .E .  

. 49 
1 . 42  

. 2 5 

. 7  

. 6 3 

. 02 
• 1 2  
. 05 

. 033  
2 . 776 
1 . 62  
1 . 1 
0 . 6 39 
0 . 88 
8 . 2  
1 .  72 

. 42 

. 276  
2 . 1 35 
4 . 8 

. 2 3 

C . V . % S ex N 

1 1 . 3 
1 1  . 87 

1 . 9 
37 . 02 
4 1 . 86 

1 1 3 . 72 
38 . 88 

1 00 . 0  

1 .  24 
1 7 . 35 
1 5 . 8  
4 . 34 
5 . 09 
6 . 83 

23 . 0 1 
22 . 5  
1 0 . 97 
33 . 6  
40 . 44 

8 . 97 
2 3 . 2 1  

M 9 
9 
9 
9 
9 
9 
9 
9 

7 
7 
6 
9 

9 
9 
9 
7 
7 
7 

x 
1 2 . 73 

. 374  
3 4 . 0 

7 . 0  
4 . 935  
0 . 258  
2 . 085  

. 0845 

63 . 73 
3 1 . 95 
3 1 . 95 
77 . 66 

1 0 . 98 
1 .  6 5 5  
8 . 092 

1 34 . 37 
5 . 568  
2 . 1 98 

FZNTAZ 

S .D . 

1 . 04  
. 028 

1 .  225  
1 .  799 
1 . 6 
0 . 22 

. 872 

. 064  

1 .  7 1  
0 . 82 
1 .  5 6  

1 4 . 27 

1 .  6 4  
. 37 

1 • 5 1  9 
6 . 06 
1 .  397 

• 1 87 

S . E . 

. 347 

. 009 

. 408 

. 60 

. 5 3 

. 073  

. 29 1  
• 02 1 

0 . 6 98 
0 . 334 

. 64 
4 . 75 6  

. 5 46  
• 1 23 
. 506  

2 . 29 
. 5 28 
. 07 

C . V . % 
8 .  1 7 
7 . 49  
3 . 6  

2 5 . 7  
32 . 42 
85 . 27 
4 1 . 8  
75 . 74 

2 . 68 
2 . 5 6 
4 . 88 

1 8 . 37 

1 4 . 9 4 
22 . 35 
1 8 . 77 
4 . 5 1  

25 . 09 
8 . 5 1  

VJ 
C-
. 



TABLE VII 

The stat i s t i cal compari son of bl ood parameters 
betwe e n  no rmal mal e s  and " Fentaz " affe c ted male s  
using S tudents " t "  t e s t . 

Parame t e r  s 2 " t " d .  f .  Signi fican c e  
5% l evel 

Hb 2 . 2325  8 . 4 437 93 s 

P . c . v .  0 . 00 1 6 8 . 0562 9 3  s 

w . c . c .  2 . 2  6 . 696 9 3  s 

S GO T  2 1 5 4 . 6 2 3  2 . 05079 97  s 

Bl ood urea 4 . 0777 0.  1 1  3 3  97 N . S . 

Phosphate 0 . 2887 2 . 26 96 s 

Gluc o se 1 0 . 7 1 86 1 .  7 438 9 5 N . S . 

S odium 2 38 . 5 6 7  3 . 3 5 44 9 5  s 

Potas sium 28 . 5 46 6  2 . 02 2 7 94 s 

Calcium 0 . 0206 0 . 3 906 95 N . S .. 

39 -

I / I  
/ I 
! I I 



CL IN I CAL , HAEHATOLO GICAL , BIOCHEIH CAL AN T )  PATHOLO GI CAL 

CHAN GES IN CAPTURED DEER . 

The sample s c ollec ted from c apture d deer were 

d ivided into two groups ; thos e in which the animal s 

l ived ( capt ured data ) and tho se which died ( myo path ic 

data ) . 

Affe cted animals s tud ie d vari ed in age and in s i z e . 

The myopathic synd rome was found t o  be the s ame , irre s­

pe c tive of whethe r the animals we re captu red wi th the 

use of drugs or no t .  

Cl inical signs 

Data for re ctal t emperature s ,  he art rate and 

re spira tory rat e  from the two groups are p re sented in 

Tabl e VI I I .  

The re spi rat ory rate s varie d  from 3 6  to  1 60 per 

minut e with in thirty minute s of capture f or both the 

captured and the myopathic group s re sp e c t ively . As 

shown in Table VI I I  the se returne d to normal leve l s  

with in 24 hours . 

The re ctal t empe rature s of bo th groups showed a 

rise and in one case in the myo pathic gro up it  reached 

the maximum limit of th e thermome ter ( 43 °C ) . This 

animal was very di s tre s sed and warm t o  the touch sugge st­

ing a cond iti on simila r  to malignant hype rthermi a .  She 

died within thi rty minute s of capture . However , in 

40 

both groups value s r apidly re turne d t o  normal ( Table VI I I ) .  

The heart rate was hi gher i n  the myopathic group 

than in the c aptur e d . The re appear s to  be a d ownward 

trend but insuffi c ient data doe s not allow d educt ions 

as t o  whe n a normal he art rate was r ea che d .  



TABLE VI II  

Compari son o f  clinical p arame ters  be tween captured 
and myo pa th ic group s o f  red d e e r .  

Group Time aft e r  N o .  of f·1e an Jvlean 
Capture animal s Temper- Re spir-

8ture 
c 

atory 
rat e/min 

Captur e d  1 hr 3 4 0 . 8  3 6 2 

h r  5 36 . 3  44 . 4  

1 t hr 2 39 . 7  30 

) 2 4  h r  2 39 . 8  1 8  

Myo pathic 1 hr 4 3+ 1 60 2 

hr 3 38 . 9  2 5 . 5  

2-t hr 4 0 . 5 42  

3t hr 1 3 9 . 5 4 1  

:> 2 4  hr 5 38 . 04 22 . 4  

4 1 

Jllean 
Heart 
rate/min 

87 . 33 

48 . 8  

1 00 

66  

380 

92 

9 1  

80 

47 . 6  



Although some of  t he animal s we re bri ght in appear-

ance after  capture Qany we re very exhausted . A ' wry ' 

neck often d eveloped within 45-60 minute s a fter capture 

( fig. 1 0 ) . S ome animal s sh owe d  e ither knuckling ove r  

on the fore o r  hind le gs ,  d ragging a l e g  o r  re luc tanc e t o  

move with in hour s .  A partial pare sis develope d w it hin 

24 hours and progre s se d  t o  a general paralysis . Even 

when assi sted t o  s t and l ack of c ontrol of th e le gs was 

apparent .  

In the acute c as e s  the animal s be came recumbent a f t e r  

capture and d i e d  with in a short t ime . 

Urina t i on often o ccurred with out warning so on afte r 

capture . The urine was a v e ry dark , almost black , c o ffee 

colour ( fi g .  1 1 ) . E x�minati on reveal ed the pre sence o f  

red blo od cells , haemoglob in and oth er debri s but the 

p re sence of my ogl o b in c ould not be proven . 

The b lood from c aptured and myopathic animal s was 

frequently found to be very d ark . Afte r  separation 

the serum was pink . 

Haemat ologi ca� and b i o chemi cal 

A summary o f  t he haemat ological and bi o chemical 

re sults for both the capture d  and myopathic groups i s  

pre sent e d  in Table IX . 
' 

Although very f ew haematological readings were 

taken , the myopathic animals had hi gh haemoglobin and 

PCV level s :  this was still apparent a t  24 hours post  

capture . 

In add i t i on the total whi t e  bloo d  cell c ount was 

l owered in th e myopathic group . 

4 2. 



The main b iochemic al ch ange s from n o rmal we re : ­

( a )  An ini t ial l owe ring of bl ood pH in the myopath ic 

group , whe reas the captured group t en ded t o  be  

va��able ( fig. 1 2 ) .  Change s f r om th e normal 

range we re not gre at , bu t  b o th group s  were highe r  

than norma l at 24  t o  36  hours after  cap ture . 

( b ) Lac t i c  a c id level s mark edly inc re ased wi th in 

30 minut e s  of capture . The level s at  th i s  

t im e  were appr oximat e ly four t im e s  no rmal in 

the captured group and s even time s normal in 

the myo pathi c  group ( fig. 1 3 ) .  L eve l s  were s t ill 

1 . 5 to 2 t ime s the normal value s at 24 and 36 

hours after captu re . 

( c )  Pco 2 change s we re at a h i gher level w ithin th e 

f i rs t  hal f hour f or t h e myopath i c  gro u p  than for 

the capture d  group . The p e ak f o r  t he captured 

group occurred one hour afte r c apture and was 

more prolonged than in t he myopathic group . 

The bicarbonate l evel s te nded t o  be higher 

i n  the myQpathic group . 

( d )  The S GOT leve ls r ose to  a very high value in 

myopathic group ( Table IX ) c ompared with the 

r i se in the capt ured group and the l evel s in thi s 

lat te r  group returne d t o  near no rmal value s after 

36 h ours . 

( e )  P o t as sium leve l s  rose a nd r e turne d t o  n o rmal in 

the captured animals b ut in the myo path i c  animals 

they ro se to a higher level and had a slow e r  rate 

of fall . 

( f )  The bl o od urea l evel s dropped ini tially in b oth 

group s and the n rose t o  h igh l evel s  in a shor t e r  

t ime i n  the myopathic group t han in t he captured 

' . . 



Fi g. 1 0 . 

F ig. 1 1  

Captured  animal s showing the ' vrry ' neck 
whi ch d evel oped s oon aft e r  capture . 

Urine from a myopathi c animal showing 
the very dark d i s colourat i on .  



group . 

( g ) Gluc o se leve l s  were sh o wn t o  d rop bel ow normal 

in bo th groups ove r th e f i rs t  few hours a f t e r  

capture but i n  t h e  captu r ed animal s t hey ro s e  

again to1-1ard s the normal l evels at th e 3 6  hour 

pe r i od . 

( h ) To tal p rot e in ,  pho spha te , s o d ium , c al c ium and 

magne s ium leve l s  d i d  n o t  v ary greatly from the 

e stablishe d no rmal value s ( Table V and IX ) .  

Example s  of the ele c t rophore t ograms f or s e rums 

t ak en from captur e d  and myopathic animals are pr e sented  

in figs . 1 4  and 1 5  re sp ect ive ly . The " capture d "  

4 4 

animals showe d mark e d  incre as e s  in the �2 and a<
3 re gions . 

S imilar change s oc curred in the myopath i c  case  at 

the ha lf h ou r  p er i o d . The el e ct rophore t o gram of th e 

" my o pathy" at one h our shows a great i ncrease in the 

o< 2 , � regi on and t he 24 hou r ele c t rophore t ogram 

c on t inue s this change and shows in addit ion a h igh peak 

between � are: and the � globul in s . 

Gro s s  Pathology 

Aft e r  r e fle c t i on of t he skin , p ale areas we re 

ob s e rved in the ske l e tal muscula ture on both sid e s  

o f  the body ( fig. 1 7 ) . Exten sive areas of seve re 

haemorrhage o c cur re d  betwe en the skin and fasc ia . 

The s i t e  of haemor rhage varie d  from animal to  animal 

and was s ingl e  or mult iple . Haemorrhage s as well a s  

pale areas were eviden t  in the ske le tal mus cle s .  The 

mus c le s a ff e c t ed varie d  fr om animal t o  animal as d id the 

s eve rity of the l e s i on s .  Tho se mos t f re que ntly affe cted  

were  .f>lus cularis t rape z iu s . and :t-1 . t ri ceps brachii in the 



TABLE IX 
Summary of parame ters fo r captured and myopathic animals 

Captured 
Time po st capture t hr . 1 hr . 1 t hr . 3 hr 36  hr . 

No . of animals 

Haemoglobin 
Packed Cell Vol . 
M . C . H . C . 9 W . C . C . X 1 0  /1 
pH 
Pco 
B. frnit s 
Bicarbonate 
Tot al protein 
Albumin 
Globulin 
S GO T  ( S . F . U . ) 
S GPT ( S . F . U . ) 
Blood urea mmol/1 
Phosphate " 
Glucose " 
Sodium " 
Potass ium " 
Calcium '' 
Magnesium " 
Lactate " 

x 

3 

7 . 2 9 3  
30 . 03 

6 5 . 2 3  

2 3 3 . 1 7  

6 . 2 4 
. 84 

8 .  5 7  
1 79 . 67 

9 . 5 7 
2 . 1 6  

. 96 
7 . 8 6 

X 

3 

7 .  1 87 
7 1 . 3 3 

2 5 . 43 
6 4 . 3  

2 5 3 . 5  

6 . 9 7 
• 5 1 

4 . 1 2  
1 86 . 5  

1 4 . 43 
2 . 84 
1 .  1 7  
7 . 02 

x 

2 

7 . 275  
45 . 6 6 

20 . 3 2 
70 . 0  

5 2 6 . 5  

9 . 3 5 
1 .  5 3  
3 . 9 3  

1 75 . 2  
1 1 . 5 

2 . 04 
1 .  1 5  
4 . 65 

x 

1 

7 . 1 5  
70 . 38 

2 4 . 0  
7 1 . 4  

729 . 5  

8 . 68 

4 . 03 
1 99 . 0  

8 . 2  
2 . 43 
1 . 6 
6 . 03 

x 

2 

1 4 .  5 
42 
3 4 . 5 
1 3 . 1  ( 1 ) 

7 . 505  
38 . 6  

2 7 . 75 
60 . 9 5 

8 3 . 35  
1 2 . 3  
1 2 . 6 5 

1 .  285 
6 . 3  

1 5 2 
4 .  1 4  
1 .  98 

. 745 
4 . 5 1  

( 1 )  Verv high as one animal had infe cted s eve re wound . 

thr 

x 

4 

7 . 1 7  
8 1 . 4  

6 2 . 42 

1 42 4 . 2 5 

5 . 58  
. 79 5  

7 . 77 
1 78 

1 9 .  1 2 5  
2 . 3 6 5  
1 .  07 

1 3 . 5 5  

Myopathi c 
hr . 2 4  hr . 

X 

2 

1 9 . 05 
49 
39 . 75 

1 . 9  
7 . 3 2 5  

58 . 2 5 

28 . 5 2  
7 2 . 0  

285 2 . 5 

7 . 9 6 5  
1 . 585  
5 . 9 1 

1 8 2 . 8  
2 0 . 5 

2 . 05 
1 .  3 3  
9 . 5  

X 

5 

1 9 . 39 
5 4 . 2  
3 5 . 89 

3 . 93 5  
7 . 3 7 2  

5 1 . 07 

34 . 48 
7 1 . 48 

7 3 5 2 . 4  
7 1 00 . 0  

1 5 . 2 6 
2 . 8 1 4 
4 . 7 28 

1 6 2 . 5  
1 2 . 06 

1 .  8 1  
. 998 

3 . 8 3 

...,. 
' n  
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F ig 1 2  : G raph of pH for captured and myopathic groups 

* * captured animals 

0 0 myopathic animals 

Normal pH 7· 27  ± 0 · 77  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* 
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Hours after capture 
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F ig 13 : Graph of Lactate levels ( m moles / 1 )  for captured and myopathic groups 

. 14 , 0 0 myopathic animals 

12 

10 

8 

6 * 

* * captured animals 

Normal value 1 · 94 ± 1 ·  04 m mol/ 1 

4 -------------=====� --- -.......::=� � 
* 
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0 1-----� 
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Hours after capture 

5 24 capt . 

36 myop.  
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3388 ( 3 )  Captured 1 hour 3388 ( 2 )  Captured 1 hour 

Fig 14 : E xamples of Electrophoretogram from 
·
captured · animals 

( 3 388 ( 3 ) ) 
To tal Prot ein 6 3 . 1 g/l , 
Albumin 3 1 . 9g/l . d , , 1 . 1 g/l ; 

CX 2 , 9 . 3 g/l : p ,  8 . 5 g/l ; 
'(' 1 2 . 2  g/1 

( 3388 ( 2 ) ) 
To tal Pro t e in 6 4 . 0g/l 
Albumin 33 . 5g/l .� , , 1 . 1 g/l : 
<X2 , 8 . 7g/l : 10 , 7 . 6 g/l � 
y, 1 3 . 1 g/1 . 
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F ig  15/ · E xamples of E lectrophoretograms f rom 
"

myopathic
" 

animals 

0 M 

( 30 1 7 )  

0 11) 

- Total Protein 73 . 0g/l , 
Albumin 2 6 . 2�/1 . � 1 , 2 . 3g/ l ; 

_ 0( 2 , 2 . 4g/l � (;{ , 9 . 9g/l ; p,  1 8 . 3g/l : '{ ,  8 . 9g/l 

-- -'--- -I-.. 
-� T -� --

I 

( 3 386 ( 2 ) )  
Total Prote in 7 1 . 7g/l , 
Al bumin 3 5 . 7g/1 .0: 1 , 2 . 2 g/l : 

cX2 ,  6 . 8g/l ; Ci3 , 8 . 4c;/l : 
p ,  5 . 4g/1 ; ((, 1 3 . 2g/l 

-� -,__ -I-... .... -r-- -r- -r-
I 

I I I I I 

( 3 � 5 2 ( 2 ) ) 
r- Total Protein 55 . 6g/l , 

Albumin 30 . 2 g/l .� t , 1 . 3g/l 
� (j_2 ' 7 .  1 g/1 j f3 ' 6 . 4g/l : 

( 1 o . 5 g/l . 

r--- ......... 

I I I I I 

-1---

--

-.....__ 

I 

I 

0 
<> 

--

--

I 

I 

_,_ -

I I 

,.._, 

_,__ ,_ 

I I 

I I 

0 00 

y 
I �  
c:: 

I� 

I I I I 
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3. M .  semitendenosis 
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fore leg;  M . semi t e nd eno s i s  and Yl . s emi-membrano s i s  

i n  the hind l e g  ( fig.  1 6 ) .  O f t en the I1� . longi s s imus 

d orsi wa s affe c ted but i t  could only be s e en aft e r  

inc i s ing the mu s cl e . 

Pe t e chiae we re pre sent ove r the s e rosa of the 

int e stine s on the mens entery and i n  th e vent ral card iac 

groove . 

The l ungs app eare d oedemat ou s  and showed evidence  

of  intergQtful emphy sema . Large amount s of s t raw 

c oloured fluid we re p re sent �� thin the thorax and often 

in the pe ri card ium . 

I t  was mo s t  n otic eable th at a very t ena cious brown 

p i gment ed mat erial covered the ne c ropsy equipment . 

Thi s had the appearan ce of haemat in . 

H i st opa tho logy 

Re pre sent at ive sample s from each myopath i c  affe c t e d  

animal w e r e  e xamine d :  

Lung - The s eve rity o f  t he l e s i on s  varied . N early 

all lungs stud i e d  showed a generali sed mild oedema , 

c onge st i on a nd' focal alveolar emphy sema . 

S e c t ions of adult and la rval forms of th e lung­

worm ( D i c tyo caulus viviparus ) were f ound in the alveoli 

and bronchi . E o sinophils w e re commonly found around 

bl ood ve s s e l s  and were probably related to the lungworm 

i nfe stat ion . 

L ive r - Animals which survive d for a few hour s showed 

large amount s o f  e o s inophil i c  granular ma terial in th e 

he patic sinu s oid s .  The re was generally a mild c on­

ge stion of th e cent ral ve ins and s inusoid s .  I n  othe r 

cases  many o f  the hepat o cy t e s  showed e o sinophilic 

d egenerat ion through t o  a coagulative ne cro sis . The s e  

re sembled n e c robiotic  c e ll s  b ut the y increased i n  numbe r  
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from the p eri phery of the lobule t o  the c e ntral v e in . 

O c c a s i onal an imal s  had c ent ral h e pat ic  ve ins th i ck ene d 

w i th co ll agen f i bre s .  

Kidney - The following le s i ons , which vari e d  in seve rity 

and ext ent , we re c ommonly ob s e rve d . 

The gl ome ruli we re c onge s ted . The j ux ta-glome rular 

apparatus was oc casi onally p rominen t . In seve re acute 

c a s e s  the glome rula frond s appe ared contrac t e d  l e aving 

an enlarge d urinif erous s pace  whic h contained e i ther 

gl obule s or l arge r c oale s cing amounts o f  pro t e inac e ous 

l ike mat e rial . On staining wi th Perl ' s  Pru s s ian Blue 

s t a in fo r iro n the re was a light b lue s taining reaction 

in c ont ra s t  t o  t h e  mo re int ense b lue wh ich may b e  expe cted 

t o  be haemo s id e rin ( fi g. 1 8 ) . 

In th e s eve re cases  wh ere d e ath wa s prol onged th ere 

was often a s evere nephro sis . The proximal tubul e s  
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were alway s i nvolved and th ere wa s often a f ine vacuolation 

and /or a granular d e gene ration pre sent in t he d i st al t ubules . 

Adrenal glands �- The medulla app e ared le s s  barophilic  

than normal and cont aine d are a s  of co nge st i on .  Granular 

d e generati o n  was pre sent in c e ll s  of the Zona fas c i culata 

whi c h  al s o  containe d numerous d if fu se ly di stributed ne cro­

b i o t i c -like c el l s .  There we �e fewer cell s with fat · 

gl obul e s  i n  th e c onge s ted a re as of t he Z .  fascicula ta and 

Z .  r e t i culari s than e lsewhe re . 

Thyr o id gland s - Generally th e thyroi d s  we re normal i . e .  

a cuboidal e p i thelium surround e d  a well  filled a c inu s  o f  

wel l  s t aine d collo id . Occasiona l thyroid s  showed a 

thickened int erstit ium which was due to marked c onge st i on 

and the pre sence of some colloid . Othe rs sh owe d  s ign s  
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Pig. 1 8  

Pale s t r e aks i n  mus c le s  at ne crop sy 

K idney Tubule s  showing p al e  blue staining 
globul e s  ( Perl ' s Prus s ian blue s tain , X 420 ) 



of having re c ove re d from thy roid hyp e rplasia ; the e pi th e ­

lial cells be in c  cuboidal o r  columnar and w i t h  invo luti o n  

of the walls s t i l l  pre s ent . H oweve r , th e coll oid was 

well staine d and h omogen e ous . Exhaus t ion , in a few , was 

sugge sted  by the pre sen ce  of macro phage s in poorly sta ined , 

ra:'_::ge d c oll o id . 

Ga s tro -int e stinal t rac t - S e c t ions e xa� ined from the 

aboma sum , duodenum ,  j e junum , ileum and cae cum showed s ome 

autolys i s .  N o  abn o rmali tie s we re seen . 

Lvmph nod e s  - All lymph node s e xamined had conge s t e d  

blood ve s s e l s  and oc casi onally red blood c e lls we re pre s ent 

in the sinuse s . All nod e s  and mac rophage s conta ining 

large numbers  of brown-greeni sh granule s ( Pe rl ' s p o s it ive ) 

in the medullary sinuse s .  The ge rminal cen tre s appe are d 

normal but the node s as so ciat e d  wi th the int e stine  ( he pat i c , 

mediast inal , and ile o-caecal )  all c ontained nume r ou s  oe s ino­

phil s .  

Spleen - In the  thr e e  e xamine d al l we re heavily c o nge s t e d . 

The ge rminal cen t re s  we re small and w ith a few lympho cyte s  

pre sent . 

Brain ahd c e rvi cal c o rd - No change s w e re p re sent i n  th e 

thre e brains or c e rvical cord s e xamine d .  A small number 

of lymphocyt e s  were p re se nt i n  th e meninge s and the re was 

a sugge s t i on of sat el li t o si s  in the wh i t e  mat te r .  

Myo card ium - Transve r s e  and longi tudinal s e c t ions of t he 

interventricular septum showe d pathological c hange s in 

four case s .  The re we re occ a s i onal swollen f ibre s ,  l o s s 

o f  striations and a mild granular degenerati on,  f o c al 

Zenker d e gene rat ion , oedema ,  sarc olemmal c el l  enlargemen t 
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d e pend ing on whethe r the cond i ti on wa s acu te  or  not and 

enlarge me nt o f  the c entrally placed nuclei . 

S e c t i ons from the out er walls of t he ven tri c le s  

showe d  si milar le s i ons . 

I t  was n o t i ced in mo re than one heart of animals 

with th e a cu t e  synd rome that the  Purkin j e  f ibre s appe are d 

ragge d at the edge s and t he cyt opla sm deple t e d  and granular . 

Skele t al muscle  - Bilate rally paired s ampl e s  w e re examined 

from the Mus cularis cle id obrachialis , t he l ong and short 

head s of M . t ri c eps brachi i ,  M . longi s simus lumb orwn , 

M . s emimembrano sus ( se e  fig .  1 6 ) .  S e c t i on s  w e re taken 

fro m  o the r mus c le s when pale are as we re observe d .  

The le si ons cou ld be de scribed a s  e i ther a cut e or 

chronic . 

Acut e : The f i bre s appeare d d i stort e d , swolle n ,  d i srupted , 

clumped w ith a l o ss of  striat i ons ( fi g .  1 9 ) .  The nucle i 

were swo lle n and there was se parati on of the myofibrils .  

Macro phage s were oc casionally pre sen t . Many of the l e ss 

aff e c te d  f ibre s h ad  a granular degeneration of  the cyt o-
-

plasm . Large numbers of red bl ood c el l s  were p re s ent 

between the fibre s .  

Chroni c :  The sarc olemmal c el l s  were we ll round e d  up and 

t e nde d  to for m line s .  I n place s  many more macrophage s 

we re pr e sent . Both r e gene rat i on and fibrou s t i s su e  we re 

pre sent t o ge th e r  ( fig. 1 0 ) . 

On an anatomical bas i s  i t  was found tha t  mu scle s on 

one s id e  of the ne ck were o fte n more affe c t e d  than th e 

othe r .  This was mo st p ronounced in animal s with ' wry ' 

neck ( fi g. 1 0 ) ,  whe re muscle s on th e c oncav e sid e  we re 

le s s  a ff e c t ed than tho se on the c onvex s i de . 

The back mus cle s w e re l es s  affe c t e d  than the n eck , 
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?ig . 1 9  Acute cond it i on showine d isarrayed ragged 
d e eenerate fi bre s and los s of  stri at i on . 
Haematoxalin Eo sin stain , X420 

Flg. 20 Chronic cond iti on showing regenerat ion 
enlareement of sarcolemmal c ell s and 
f ibrosis  
Haemat oxalin E o sin s tain , X420 
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shoulde r  o r  l eg mus cles , seve rity gener ally follow ing in 

that ord e r . 



EPIDEMIOLO GY 

S tudy Area s  

Animal s suffe ring f rom the p o st - capt ure myopath i c  

synd r ome o ri ginate d ,  for the purpos e s  of th i s  s tudy , from 

the are as ind icated on th e l oc ati on map ( fi g . 1 ) :  

( a )  th e mountainous c ount ry , s o uth we st  of l·1e sopotamia 

S t at ion , Rangi tata Valley ( Augu s t  1 975 ) .  

( b )  the high h ill c ount ry b e tween the McKenzie  Basin 

and the Haka taramea Val ley s i tuated on Haldon 

S tati on ( S e ptembe r ,  1 976 ) .  

( c )  the high hill c o unt ry be tween S t .  Bathans in th e 

no rth we st are a of the Mani o t o t o  Pla in and Omarama 

at the head of the Wai t ak i  Valley ( O c t obe r ,  1 976 ) 

( fi g . 2 1 ) .  

The la st two are as were used  f or studying the meth o d s  

o f  c aptur e . 

Both the areas s tud i ed are s t e ep tusso ck-c overed hill 

count ry with o c casi onal smal l  po cket s o f  remnant bush . 

I n  wint e r  th e a£eas are c ove re d w i th de e p  snow . I t  rapidly 

d i sappe ar s in th e va lle ys but r emains on th e hill t op s  all 

win te r .  

C ond iti ons o f  c apture 

The heli c opters  us e d  were ( 1 )  a t hree  s e at e r  HaQyer 

and ( 2 ) a two seat e r  �e s . It wa s c onsidere d  by the 

e xpe rienc e d  cat ching team that the b e st re sul t s  were 

obtaine d when : 

1 .  tempe rature s were cool . 

of heat e xhaust ion . 

Thi s  minimi sed the chanc e  

2 .  the re was no wind so that int e rferen c e  with the 

dart ing of the animals was minimal . 
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3 .  the animal s  were di sturbed a s  lit tle as pos sible 

fuereby reduc ing th e probl em o f  fear 

4 .  the re were numerous groups o f  animal s 

5 .  the cat ching t e am was expe ri enc ed . 

The fi rst thr ee c ond i tions we re fulfill ed by cap turing 

in th e early m o rning just after dawn or in th e late evening . 

The f ou rth c ond it i on d e pended on the c o unt ry and th e numbe r 

o f  dee r pre sen t . 

The cat ching teams in thi s  s tudy we re e xp erie nc e d  

having wo rked t o ge ther individually fo r several season s . 

The cat ch ing seas on be gins in approximat ely r1arch and 

end s in O c t o ber . 

Re sul t s  

The se are su�mari sed i n  tabl� X and XI . 

le cornme ndat i on s  

The data obtained was insuffic ient fo r a full 

epidemiologi cal evaluati on.  However from the obse rvation s  

t h e  foll owing r e co mme ndat ions were mad e : 

1 .  that the re b e  a reducti on in th e vo lume o f  Nalorphine 

used t o  0: 2 5 -0 . 5 ml. 

2 .  that th e cat ch ing season s hould be e arly in th e year 

when animals are in go od nut riti onal s tate . 

3 . that the younge r,  smalle r mus cle d f emal e s  and mal e s  

sh ould b e  p re fe rred . 

4 .  that animals carried bene ath the hel i c opters s hould 

be in loose  bags totally cover ing the an imal s .  

This not  only all ow s  the animal to b reathe f re e ly , 

but al s o  the  d arkne s s  assists in kee ping the m  quiet . 

The d i fficulty in breathing when t ravelling at 

70  knot s or more b eneath th e helicopter was c ons idere d  

t o  b e  one o f  t h e  m o s t  impo rtant c ont-ributing fact ors . 
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Fig. 2 1 

Fig. 22 

D e e r  c a t c h i n g  c ount ry S t  I3ath a n s . 
Veh ic le in  f o re ground i s  typ i cal of 
many o f  t h e  t ran s p o r t e r s  u s e d  f o r  d e e r . 

Captured d e e r  c onfine d within 
carrying bags . 



5 .  i f  dark ened t ran sp or tat i on trailers  caru1ot b e  u sed , 

the an imals sh ould be bl ind folded . 

6 .  all cap tur ed animal s shouln be placed in a darke ned 

enclo sure , p rovid ed with food and , .. mter , and k ep t  

the re f or tHo o r  .r.wre day s .  E\elea sing th em a t  

night , singly , mai nta ins th e q uie t behav i o u r .  
Any treatment i n  the form o f  drenching or ear­

tagging should be carried out wi th the minimum of 

fu ss at thi s time . 

The re c ommend at ions 1 ,  3 and 4 we re t e st e d  on ten 

anima l s , of which nine survived ( Table XI ) .  This , however ,  

was t o o  small a number t o  b e  s t a t i s t i cally s ignificant . 
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TABLE X 

Epidemiological data 

J.Ie sopotamia Hald on S t . Bathans 

N o .  c au ght : 77 1 4  

No . lame /wry neck : at least 7 5 

No . dead : 4F 2H 4F 

N o .  c augh t with d rugs : 77 1 3  

N o .  caught vTi th out : 1 

Drugs used : capture - All with  Fentanyl/Azaperone 

6 

3 

2M 2F 

6 

strength and vol . used 1 0  mg/ml/80 mg/ml 2-2t mls 

antidote  - Nal o rphine 

strength and vol . used 1 0  mg/ml 

S i te of in j e c tion : usually back or hind quart e rs 

Delay before re cumbency : 1 0- 1 5 minut e s  

Delay b e f ore ant idote given : approx . 5 minute s  a fter 
recumbency . 

Distan c e  run ( 2 1 animal s ) : 

short 

long 

Age : approx . 

Nutri ti o nal S tate 

1 8  < 2 km 

3 ""> 2 km 

6 young 

1 5  mature 

The se are sub j e c ti ve 

e st imate s by the pilot s .  

Me sopotamia All good 

Haldon 

S t .  Bathans  

mod erate ly good  

moderately go od 

Transpor�ton from capture site : All in bag beneath 
helicopter ( fig. 22 ) .  

Transportation t o  farm : Me sopotamia Hel icopt e r  

2-2 -t mls .  

Haldon darkened traile r 

S t . Bathans 

Dark house only used at S t .  Bathans .  

Period in dark house - 2 day s 

blindfolded in 
open loo sebox 

Time of release from d arkhou se - singly at night . 



TABLB XI 

Pos t Capture l o s s e s  

Farm Year I� o .  caught No . Dead % 
T·1e sopotamia  S tn .  1 9 75 77 4 5 

Papamoa 1 975 9 3 30 

S t .  Bathan s Stn . 1 975  8 2 25  

Mt . Peel S tn .  1 976  1 4  7 5 0  

Hal d on S tn .  1 976  66  ( 1 5  22 . 7  
( myopathy 

( 5 7 . 5 
( othe r c aus e s  

Aft er  changes  to  cat ching t e chnique s 

Haldon Stn .  1 976  1 0 1 0  



DIS CUSSI ON 

Anti c oagulant , sampling, containe r and stora&e e ffe c t s .  

Ant i coagulant 

The s tudy of normal haematologi cal data required an 

ant i c oagulant whic h d i d  not  di stort the leuco cyt e s . The 

cho i c e  lay among fluori de /oxalate , ethylamine -diamine -te tra 

ace tate ( EDTA ) , sod ium citrate and hep a�in . 

S od ium citrate ( 3 . 8% aque ous s olut ion ) i s  normally 

used  in the pro portion of  1 part t o  9 part s of bl ood . The 

1 0% d ilut ion e ffe ct  was cons idered unde sirable . 

The ant icoagulant hep a�in has been f ound not t o  alter 

e rythrocyte volume ( Pennock and Jone s ,  1 966 ) but S chmidt  

et  al ( 1 953 ) ,  found it d i stort ed c ell morphology and was 

there fore unsuit able f or dif ferent ial c ount s .  

Ande rs on ( 1 9 6 9 ) d eveloped a mixtur e  of  amonium oxalate , 

potassium oxalate and ammonium fluorid e , which was compa red 

wi th EDTA by Manston et  al ( 1 9 7 4 ) . They found that  th e 

f luori d e /oxalate mixture gave c onsistently lower level s  for 

PCV and although EDTA allowed a sli ght am ount o f  glycolysis 
� 

t o  take plac e , it was preferable for haematolo gy .  

Di sod ium , d ipotassium and dilithium EDTA ant i c oagulant s  

we re stud ie d  by Lewi s and S t oddart ( 1 97 1 ) who found that  

c oncen t rati ons of d i sodium EDTA and d ipotassium EDTA greater 

than 2 mg/ml blood c aused significant increase s in PCV and 

a fall in mean corpuscular haemogl obin c oncentration . 

Below 2 mg/ml blood the c hange in red bl ood cell s ize 

was of  lit tle signifi can c e  for c linical pur po se s .  The 

dipotassium salt having the greater s olubility o f  the 

three  at r o om temperature was the re fo re preferable . 
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Containe r e ffects  

I nit iator s ,  catalyst s ,  plasti cizers and s tabiliz ers  

used  in the manufacture o f  plast i c s  may leach out and 

thereby cause haemolysi s ,  affe c t  complement act ivity, 

blood group antibodie s an d protein act ivat ion in coagu-

lat ion studie s ( Clark e t  al 1 970 ) .  Lewis and S toddart 

( 1 9 7 1 ) compared sil i c oniz ed glass , non sil i c oniz ed gla ss  

and plasti c c ontai ne rs and found that the polystyrene 

( the c ontainer c ommonly used for bl ood ) d id n ot d iffe r  

from glass for routine b lood count s .  Both mate rials had 
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a marked effe c t  on  plat e le t  count s and a s light e ffe c t  on 

red blood cell coun t s  by c ompari son with s iliconized glas s .  

O ther plastics  had a notable variance on platelet count s .  

Effe c t s  o f  S t or age and Time on sample s 

Blood was colle c t e d  into EDTA and store d at 4°C 

and room tempe rature by Gregory and Reid ( 1 976 ) .  I t  was 

t e s ted at intervals up to 48 hours . Using narrow limits  

of  ac ceptanc e , accurate result s  were obtained up  to  24  

hours after c oll ect ion with storage at  e i ther 4°C or room 

temperature . 11aemogl ob in and PCV cont inued to be t olerably 

accurate  i . e .  ± 2-3% of th e original value up t o  48 hours . 

However ,  the leuco cyte c ount with i ts accepted limit of  

8% up  to  24 hours starte d  falling out side the  zero time 

value at 8 hours with the t rend widening up to 48 hours . 

Manston e t  al ( 1 974 ) found that te st s for gluco se in 

blood and plasma , hae matocri t , mean corpuscular volume , 

e rythrocyte c ount and haemoglob in at 96 hours after zero 

t ime gave consi stent value s when samples  were st ored at 

4°c .  At highe r temperature s some haemolysis and 

glycolysis o c curred . 



In  the p re sent study d ipotassium EDTA was the anti­

c oagulant in blood used for t �e haemogl ob in PCV and 

diffe rential smear examination s .  Heparinized blood  was 

used for  pH d e termination and the plasma for b i o chemical 

te st s .  Coagulated bl ood s erum was used for biochemical 

aut oanalyser t e s t s  as the pla sma tend ed to " silt up" the 

tubing.  

S ilic one gl ass and polystyrene c ont ainers w e re used . 

Plate l e t  c ount s  were not at tempted . 

All se rum sample s when separated f rom the red cells 

were divided  and k ept i n  a chille d Dewar fla sk . At the 

lab orat ory th e sample s were f ro zen . Bat che s o f  t e s t s  

we re pro c e s sed  on thawed s ample s .  The divid ed f r ozen 

sample s preven ted conti nual thawing and f re e z ing, thus 

minimizing the p o s sible effect s o f  t ime and s to rage on 

the re sult s .  

NORMAL PARAMETERS 

Haematology and clinical biochemi stry 

The haematological re sul t s  obtaine d in thi s study 

are , with s ome sma�l variations , in a gre ement with the 

data obtained by o the r author s f or red deer ( Table XI I ) .  

Part o f  th i s  varia t i on may be due t o  the small number o f  

sample s u s e d  .in s ome stud ie s .  
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An example of th e variation found i s  the haemogl obin 

value s ,  which are higher in thi s  s tudy than tho se obtained 

by Upcott and Hebert ( 1 96 5 ) and Blaxter et al ( 1 974 ) 
Blaxte r  e t  al  used eleven penne d  animals ble d  f o r  about 

1 60 obse rvations . 

O the r point s t o  note  from table XI I are the high 

PCV value s  obtained , and the t otal wh ite  c ell counts 



TABLE XI I 

Compari son of normal haemato logic al parameters  of thi s  study and othe r authors . 

Thi s  study ( red deer ) 

Upcott  & Hebert ( 1 965 ) 

Blaxter e t  al ( 1 9 74 ) 

*Ca 1 60 observati ons 

No . of Hbg/dl 
Animal s 

1 1 1  1 7 .  1 2  

± 1 • 5 1  

1 6<3 y .  0 ·?1 1 4 .  5 
I + 1 4)3 y . o .  -0 . 69 

1 1  * 1 6 . 2  

PCV MCHC wee 
g/dl  X 1 09/l 

0 . 477 36 . 1 1  4 . 03 

±o . 04 3  ±3 . 88 ± 1 • 8 1  
3 . 44 < 3 y . o .  

0 . 465  3 1 . 9  2 . 95 2 . 9 3> 3 y . o .  
±o . 0046 ±o . 65 

0 . 449 36  4 . 4  

\Jl 
\_C) 
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( WCC ) which are very low wh en c ompared w ith the no rmal 

range s of  othe r dome sticated spe c i e s  ( S chalm et  al 1 9 75 ) .  

While the \·lCC value s obtaine d by Upcott  and Hebert 

( 1 96 5 ) were lower than the value o btained i n  t his  study , 

thi s  may h ave been due t o  the 1 4  month s old f emale group 

havine s igni ficantly ( P  ( . 0 5 ) highe r count s  than th e 

o the r two groups ( Tabl e XI I I ) .  The se an imals we re 

s ampled in February and were nei the r pregnant nor 

l actating. I t  is  p o s sible that t here may h ave been 

a steroid influenc e on the wee due t o  the hormonal 

cycling near the period of mat ing ( April-Nay ) .  

In addi ti on to a pos sible e ffect  of age on the 

t otal wee it was noted th at the neutrophil : l�mphocyte 

rat i o  rever sed as  an imal s be came old er .  Thi s  was not ed 

previ ou sly by Upcott and Hebert ( 1 965 ) and the y  sugge sted 

that it o c curred at  ab out 3 ye ars of age.  

Another effect of sex noted in this study was the 

s i gnificantly ( P < 0 . 05 )  highe r value of th e PCV in male s 

( Table s XIV � . I t  i s  l ikely that this i s  due to 

haemoconcentration as a result o f  be ing yarded overnight 

without wate r  and /or for a tendency of the animals t o  

fight . The roaring season was  approaching and thi s  

may have bee n  the cause o f  th e friction b etwe en the male s .  

Thi s  may al so be the reason f o r  the higher Pco2 , 

bicarbonate , GOT and potassium l evel s in th e male 

animals .  

The a pparent d i screpancy o f  the analysi s  o f  variance 

w i th the s tuden t s  ' t '  t e st for PCV �ies in the s ample 

t reatme nts .  

The mean square of each group 0 . 0003 1 ,  0 . 00087 



and 0 . 00 1 6 5  for  the 9 m . o .  female s ,  1 4  m . o .  femal e s  

and the mal e s  re spe c tivel y ,  indicat e s  the variability 

of treatm ent in them , and any real differenc e which 
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may exi st  b e tween  the groups c ould well be a ccount ed for  

by random variation . The analysis of varianc e i s  

accurate  for large numbe rs o f  sample s and th e t-vro female 

groups are c omposed of small numbers , he nc e  the t e st i s  

unreliable in dete c t ing the difference between  th e  

female groups which are swamped by the large number 

o f  sample s in the male group . 

S erum biochemi cal parame ters fo r red d e e r  have not 

been publi shed . Compari sons with data  from the whi t e ­

t ai led deer ( Whit e and Cook 1 974 ) show that level s o f  

s odium are similar whereas potass ium level s i n  a dult 

female red  deer are lowe r ,  and in the male d ee r  higher .  

Because potassium l evels are high i n  r e d  cells , i t  

i s  po s s ible that thi s variation could have occurred w i th 

diffe rent c olle cting handling and stor�ge t e chnique s .  

However pho sph�te level s which are also  at a high c on­

c ent rat i on in red cell s did not  show such variation . 

S i gni fi cant ( P  < 0 .  05 ) di fferences  in sodium and gluco s e  

leve l s  betwee n  young and adult female s may have been the 

re sul t  o f  nervousne s s  in the young animals with  conse quent 

adrenal effec t  on the se two parame ters . Total protein 

diffe ren c e s  are normal between young growing animal s and 

adult s  ( S chalm e t  al 1 975 ) .  However �  the red d e e r  in 

this  study had much h ighe r albumin : globulin ratios  than 

the white-tailed d e e r  in the s tudy of White  and Cook 

( 1 974 ) . This may b e  due t o  the apparent ly h ealthy 

d i se ase s tatus of th e farmed red deer with a c onsequent 



l ow l evel of c irculating globulins . 

E ffe c t  of t ranquillizing drugs 

Morgan and Upton ( 1 97 5 ) in t e s t ing the effe c t  of 

sampling t e chnique s on acid-base balance in  she e p  f ound 

tha t the use of " Rompun" led t o  sienifi cantly ( P <.  0 .  05 ) 

h ighe r  pH , plasma carbon d ioxide and base defic it 

value s and lower haematocrit and haemoglobin value s .  

I n  this study bo th the haemoglobin and haematocri t  

i n  normal animals were s ignifi cantly ( P < 0 . 05 )  depre ssed 

by both " Rompun"' and "Fentaz" • The WCCs were als o  

inc reased significantly ( P�0 . 05 )  but the P c o2 in 

an imals affe cted with ''Rompuri·" was sli ghtly depre ssed . 

Unf ortunately fo r logi s t i c  reasons the blood gases  

were  not  able to be measured for  t he 1'Fentaz" affe cted 

animals . 

The S GOT in both the d rug treated  groups remained 

within the normal range ( 1 1 1 ±48 S . F .U . ) even though 

some mus� . damage was thought t o  have o ccurred in the 

yard ing of the animal s .  N o  s i gni ficant d if ference 
-

was found between the t wo groups for gluco se level s .  

Alth ough th ere i s  no s ignifi cant d i fference 

( P < . 05 ) for sodium and potassium be tween the ''Fentaz " 

affe cted  animals and the normal male s ,  i t  was considered 

that the l evel s  of both groups were elevated due to the 

stre s s  in yarding overnight . 

r1organ and Upton ( 1 975 ) recorded a d i fference in 
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the cal c ium and magne sium level s be tween the veni-puncture 

and canula sampling. In this s tudy veni-puncture was used 

and so the re was no opportunity to ve rify this observa-

t i on .  



The meth od of in j ec t ine the stags with the t ran-

quilliz e r  and wait ing for the animal to become r e c umbent 

before s ampling c ould have caused slight  diffe rence s in 

value s be tween animals . 

POS T CAPTU rtE r•1YOPATHY SYNDROME 

The c lini cal and histol ogi cal evid ence  pre sented  in 

this study closely r e s emble s th at reported by authors  

de scribing t he cond ition in  oth e r  specie s .  

I n  s tud ie s on th e re sponse o f  animal s to exerc i s e  

it may be expe cted  that the re i s  an increase i n  he art 

and re spirat i on rate s ,  the magnitude of whi ch would depend 

on the work intensity . In horse s Lindholm and Saltin 

( 1 974 ) found a l inear inc rease in heart rate related to  

work intensity with a maximum heart rate of  2 40/minute . 

Similarly Harthoorn and Van der Walt ( 1 974 ) found tha t 

Ble sbok had heart rate s  of 250/minute when run ove r  short 

d istan c e s  ( 2  km ) .  

Mo s t  of the animals in this study were considered 

to have run over sho rt distanc e s  and they h ad heart 
... 

rat e s  gener ally betwe en 80-90 beat s/minut e .  The se were 

not usually t aken d ire c tly at the end of the chase . I t  

i s ,  howeve r ,  intere s t ing t o  note  that th e female with an 

heart rate of a pproximately 380 beat s/min . ran for a very 

l ong d is tance and was in an excitable state f rom the t ime 

she was first seen .  Her temperature was als o  the highe s t  

re corded and thi s  was parallel t o  the find ings o f  the 

Ble sbok . Those tha t ran over the furthe s t  di stance s  had 

the highe st t e mperature ( Harthoorn and Van der  Walt 1 974 ) . 
The change s in th e biochemi cal param eters  studied 

have obvi ou sly been th e re sult  of the stre s s  before 

capture . S ome of the varia tions observed were probably 



influenced by the variation in the sp eed  and durati on of 

the c hase . 

The rise in la cti c acid levels indicated  that a high 

level of  anaerobic glycolysis occur red and was still 

pe rsi stent at 36 hour s after cap ture . Although th e 

number of animals studie d  was small , it  was observed 

that t he myopath ic animal s reach ed  a higher level which 

peaked  e arlier than the level in captured  animals .  High 

level s of lactate after exe rti on h ave been re corded in 

man ( Osne s and He rmansen 1 972 ) , in pigs ( J�rgensen and 

Hyldgaard-Jensen 1 97 5 ) and in hor se s �indholm and Saltin 

1 974 ) . The t ime for lactate level s t o  return t o  normal 

was thought t o  relat e to the f itne s s  of the animal . The 

continuing high l evel s  ( at 36 hour s in thi s  study ) may 

mean that the deer we re unf it or that the re was a slow 

release of  lactate from the muscl e s . 

Gluc o se level s  were ini tially s imil ar t o  thos e of 

the "Fentaz " affe cted animal s with a decline well below 

normal . This indi cated that it was being utilized ove r  
' 

the first  few hours with the levels being inversely re-

lated t o  those  of lac t i c  ac id . These two find ings 

to ge the r signify that anaerobic glycolysi s was oc curring. 

Lactate influenc e s  the hydrogen i on concentrations  

of  the blood , ( Henry et  al ) so th at the pH leve ls no rmally 

fall when acid levels ris e .  However ,  th e mean pH value s 

obtaine d in t hi s  study d id no t c onform t o  thi s  pattern of 

lac tate levels . This lack of  c orrelat ion . between lac t i c  

acid ri se and pH decline may have been due t o  t he corn-

pensatory e ffects  of re s pi rat ion o r  to the mean value s 

used repre senting small numbers of animals which have 

run d ifferent distan ce s .  S ome individual a nimals had 
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an alkalo s i s  ini tially and th i s  on a rro�p ba si s may hdve 

o b s cured an ini t ial a c i d o s i s  in tho s e  an imals  fo rced t o  

run rapidly over sh o rt d is tanc e s  with out pri o r warning. 

The alkal o sis c o uld have been due t o  fear inst illed 

by the sound of  the he li copter  causing an inc reased 

ad renaline secre t ion and giving rise t o  a re spiratory 

alkal o sis . 

The Pco2 leve l s  were  l ow soon after  capture in 

captured animals , slowly ri s ing to th e normal range . 

Howeve r ,  the myopathic animals had an higher init ial 

Pco2 bec oming s tabili zed in the normal range within the 

hour . The re d oe s  not appe ar to be any correlat ion be-

t'veen the ri se in lacti c ac id level s and the change s in 

P c o2 as found by �1 ilne ( 1 974 ) in hor se s .  However , this  

may have be en due in part to  the tempe rature of the animals 

b ody , part i cularl y  after a run . 

The se rum glutamic oxalo acetic - transaminase 

( S GOT ) re leased from damaged mus cle ro se s i gnifi cant ly .  

The myo pathic group had much higher l evel s  than th e 

captured group ;� the se l eve l s  were st ill ri sing at 24  

hours , whi ch wou ld sugge st that an ongoing necros is  was 

pre sent . 

Pota s s ium ro se to levels 2t time s tha t  o f  the "Fentaz " 

affe cted animals one hour after  capture in th e ' captured ' 

group and then fell t o  with in the no rmal range with in 3 6  

h ours afte r capture . The peak is  before the S GOT peak 

and this may be d ue to  it  being a smalle r more mobile 

i on and the refore more easily released from damaged cell s .  

Also GOT ha s a mitochondrial fract ion which would not be 

released unt il cell n ecrosi s  had occurre d .  

I n  the myopathi c group a potassium l evel nearly 
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four time s that  o :  th e no rma l range was reached . The se 

high levels , as for example the ind ividual levels of 

28 mmol/1 reached in the fi rst half hour after capture , 

probably contributed to the sud den deaths . Thi s  would 

be due to  the extracellular fluid potassium rising and 

water pass ively ente ring the cell s moving int o  the 

mit o chond ria and en dopla smic re ticulum caus ing cel l  

swell ing and de gen eration . O th er probable caus e s  of 

in creased potass ium were : -

( 1 ) an e fflux o f  K+ i ons from intracellular s tore s 

in exchange for H+ ions during a metabolic acidosi s .  

( 2 )  a diffusion of K+ i ons from the intracellular 

space when muscle and l ive r glycogen is reduc ed . 

( 3 ) release from red  c el l s  a s  a re sult of  intravascular 

haemolysis ( Bergstrom e t  al 1 97 1 . Gilligan et  al 

, 1 943  K j e llmer 1 96 5 ) .  

At 2 4  hours the levels  we re d ecreasing . Thi s  was 

probably due to the effect  of ald o sterone c ontrol . 

This probable d emand f o r  ald o st e rone may be the reason 

for the high numbe r  o f  adrenal cortical cell s showing 

e osinophilic d e gene rat ion or ne crosis .  

Blood urea levels in b oth groups were initially 

below those  of the no rmal animals ani of the "Fentaz"  

affected  animal s .  However ,  the increased l evel s  in 

both captured and myopathic groups indicated , parti cularly 

in the myopathi c group , that tubular damage was oc curring.  

Both myoglobin and �aemoglobin are known to cause tubular 

epithelial cell d e ge ne rat ion (H�nstall 1 966 ) . The 

faint bluish t inge with the Perl ' s Prussian blue s tain 

in the histological s ections of the kidney may indi cate 

this excretion of the myoglobin .  I t  i s  p o s sible that 



the degenera t i on o f  t he k idney s i n  this manne r C O'J l d  have 

lead t o  k idney failure , u raemia and even tual d eath . 

The cal c iurr. levels of bo th groups rose  sli ghtly . 

Thi s  may .have been due t o  a shift by th e cal c ium from 

the mus cl e  c ell s t o  the se rum as a re sult o f  the acidosi s 

( Ro se e t  al 1 9 70 ) . H owever , it was slight and trans ient . 

The s e rum inorgani c phospha te levels we re ini t ially 

d e p re ssed ; more than can be attributed to th e effe ct 

o f  "Fentaz " .  Howeve r ,  they reoowred within 1 - 1 t  . hours . 

Adrenaline and muscular w ork could have cause d  a lowe ring 

o f  th e inorgani c pho spha t e  ( Codazza e t  al 1 974 ) . 

PATHOGENES I S  

A schemati c  outline on the pos sible pathogene s i s  of  

the  post  captu re myopathy syndr ome i s  given in  fi g. 2 3 .  
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The h i s tol ogi cal le s ion s in  mu s cle tak en from myopathi c 

animals we re the re spons e of the ti ssue to  one  or more 

insult s .  They cl o sely re semble d the le s ions found in 

the selenium-vi tamin E d efic iency condi t i on of she ep  and 

cattle  ( Jubb and Kenne dy 1 970 ) ; the " tying-up" syndrome 

o f  draught horses ( Azoturia ) ( Carlstrom 1 93 1 , 1 9 32 )  and 

the porcine stre ss  syndrome of Land rac e  and Pie train pigs 

( Ludvigsen 1 95 3 , Briskey et al 1 959 ( a ) .  

Although it i s  p o s sible that the triggering me chanism 

in e ach case may diffe r ,  the similarity of the l e sions 

sugge s t s  t hat e arly on the re is a common pathway . Thi s  

is pro bably derangement o f  mitochondrial funct ion 

(Lindholm et al 1 974 ) . 

Carlstrom ( 1 93 1 , 1 932 ) po stulated that a carbohydrate- Y 
rich die t ,  in c on juncti on with a few days of r e st , re sulted 

in an increased glycogen storage , leading t o  th e produc tion 

of an abnormally large amount of lacti c acid as a re sult 



of  subsequent exerc i se which i n  turn re sult ed in the 

swellin� of the affe cted  mus cle f ibre s ( Lindholm et al 

1 97  4 ) . 

I t  has been found that the muscle fi bre s involved 

in the acute s tage of the ' tying-up ' syndrome of horse s 

were riche r in glyc ogen t han in th e later s tage s sugge st­

ing that the re had been an inc reased glycogen s torage 

when c ompare d with no rmal heal thy horse s ( Lindholm et al 

1 97 4 ) . Animals wi th le sser muscle mass may reduce the 

re sultant lactic  acid o s i s  ( O sne s and Hermansen 1 97 2 ) . 

One of the ma j or e ffec t s of adrenaline is  t o  activate 

glyc o gen breakdown t o  fo rm gluc o se ( Lewi s  1 96 5 ) elevating 

the levels in both bl ood s tream and muscle . The gluc o se 

i s  then us e d  for e nergy . Pyruvic acid i s  th e normal pro-

duct but if insuffi c ient oxygen i s  available , anaerobi c  

glyc olysis  occurs leading to h i gh  levels of  lact i c  acid . 

The reduc ed nic otinamide -adenine-dinucle otide ( NADH ) use s  

pyruvate t o  conv e rt back t o  NAD and forms  lactic  acid . 

C onse quently high leve l s  o f  lac t ic acid accumulate in the 

blood and muscl e  t-issue . The level s in the blood d o  not 

nece s sarily reflect the leve ls in the mus cle s these being 

higher.  

A s  the lactic acid level ri se s  the bicarbonate ( the 

principle buffering system ) level reduce s  the pH change s .  

Thi s give s ri se t o  the me tabolic acid os i s  which i s  p artly 

compensate d  for by increased speed  and depth of respirati on 

to  reduce the partial pre s sure of  carbon d ioxid e . The 

obs e rvations of  myo pathic d e er would support that this has 

occurred . 

() 8  

Two poss ible c ontributing factors t o  the syndrome are : -



( 1 )  the reduct ion in d ep th and rate of re spirat ion by 

' Fentaz ' drug and i t s  antidot e  nalorphine . 

( 2 ) the c ont inued s t imulat ion and se cre t ion of adrenaline 

producing furth er lact ic a c id from gluc ose . 

The first contribut ing factor can b e  partially 

c orre c t e d  by reducing the dose of the various drugs and 

ensuring that a good oxygen supply is  p re sent . 

The second fac t or can be reduced  by elim inating or 

reduc ing th e stimuli e ither by d rugs or utilizing th e 

quie tening effe c t  o f  darkne s s .  

I t  has been found that the levels o f  adrenaline in 

the porc ine stre ss  syndrome cont inue at h igh level s  

( Topel & t al 1 974 ) , po inting to e ith e r  a cont inued high 

s e cre t i on or an inability to inactivate th e adrenaline . 

The leve l s  of adrenaline in the red d e e r  have not been 

d e t e rmine d .  

Muscle metabol i sm has been extens ively studied in 

relat i on to physical ac tivity and fibre c omposition in 

laboratory animals ( Blanchaue r and Van Wi jhe 1 962 ; 

Romanul 1 964 a b ;� �a�yatt and Eugel 1 96 7 ) ,  cat s (Romanul 

and Van der Meulen 1 966 ; Dubowitz  and Newman 1 967 ) , birds 

( Wilson , Cahn and Kaplan 1 963 ) hor se s  ( Lindholm and Piehl 

1 974 ) , pigs ( Topel e t  al 1 968 ; J�rgen s en and Hyldgaard­

Jensen 1 975 ) and c at tle (Kell e r  and S tanbridge 1 973 , 

Keller 1 974 ) .  

Thre e  d if fe rent t yp e s  of  muscle fi bre have b e en 

rec ognised by th e various auth or s .  The fir s t  are the 

fa st twit ch whi t e  f ibre s with a high ac t iv i ty of myo s in 

A . T .  Pase , a we ll d evel oped glycolytic enzyme system and 

a l ow mit o ch ondrial c ont ent and o xidat ive activity ; 
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the se fi b re s fat igue read ily ( Cl o se , 1 9 72 ; Lindholm and 

Piehl 1 9 74 ) . They c o rre spond to the W fib re s of A shmo re 

and Doerr ( 1 9 7 1 ) and the group I fibre s of Romanul ( 1 9 6 4b ) . 

The s e cond are the fast twit ch red fibre s with a high 

activity o f  myo sin A . T .  Pase , a mod erately devel oped 

glyc olyt i c  system , a high total oxidat ive enzyme a c t ivity 

and many mi tochondria ; these f ib re s show l e s s  fat i gue 

than the fast twit ch wh ite fibre s ( Cl o se 1 972 ) . They 

co rre spond to the R fibre s o f  Ashmo re and Doe rr ( 1 9 7 1 ) 

and th e group I I  fibre s o f  Romanul ( 1 964b ) . The third 

are the slow-twit ch int e rmedi ate fibre s with a slow 

ac tivi ty of myo sin A . T .  Pase and glyc olyt i c  enzyme s ,  a 

high mit ochondrial c ontent and oxidat ive enzyme ac t ivitie s �  

the s e  fi bre s sh ow l i t tle or  no fat i gue ( Cl o se 1 97 2 ) and 

corre spond to the R fibre s of Ashmore an d  Doe rr ( 1 97 1 ) 

and the group I I I  fibre s o f  Romanul ( 1 964b ) . 

S ome myopathie s  are known to affe ct primarily one 

fibre type and produce cha�w ristic hist o logi cal patterns . 

The selec tive involveme nt .of on e fi bre type provid e s  a 

clue as to which me tabolic pathway may b e  involve d .  Thi s 

has been used by Hamilton et al ( 1 9 74 ) in th e study of 

inherited muscular dystrophy in mink , by Ruth and Van Vle e t  

( 1 974 ) ,  in th e s tudy of selenium/vitamin E deficiency in 

swine and by Lindholm e t  al ( 1 974 ) in the study of acute 

rhabdomyolys�s in standard-bred hor s e s . Lindholm e t  al 

( 1 974 ) considered the damaged fibre s were of the fast 

twi tch variety sugge sting that they become suscep tible 

to damage after the aerobic re spirat ion change s t o  

anaerobic re spirat ion. 

Ruth and Van Vle e t  ( 1 974 ) found that the fas t  twi t ch 

fibre s ( the ir type I )  were select ively d e stroyed and that 
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the re was a la ck of pho spho rylase act ivi ty in the 

fa s t  twit ch white f ibre s ( the ir type I I ) .  

De t e rminat ion of the vari ous mus cle type s in 

the red d e e r  and which type is d e stroyed in p os t­

capture myopathy have as ye t t o  b e  d one and may help 

e lu c idate the metabol i c  pathway . 
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TABLE XI II 

Normal haematological value s 

Parameter Sex Age No . of 
Animals X 

Haemoglobin 
g/1 00 mls F 9 m .  o .  6 1 6 . 39 

F 1 4  m . o .  1 9  1 7 . 23 
F 9 m . o .  + 1 4  m . o .  2 5  1 7 . 028 
M < 1 8 m . o .  86 1 7 . 1 5  

All 1 1 1 1 7 . 1 2  
' 

Packed cell 
volume F 9 m . o .  6 • 42 

F 1 4  .m.. o .  1 8  . 45 
. F 9 m . o .  + 1 4  m . o  • 24 . 44 
M < 1 8  m . o .  86 . 487 

All 1 1 0 . 477  

Mean Corpuscular F 9 m . o .  6 38 . 77 
Haemoglobin F 1 4  m . o .  1 8  38 . 5 6 
concentration F 9 m . o .  + 1 4  m . o .  2 4  38 . 6 1 

M < 1 8  m . o .  86 35 . 43 
All 1 1 0 1 1 0 36 . 1 1  

Whi�e cell count 
X 1 0 /1 F 9 m . o .  8 3 . 5 

F 1 4  m . o .  1 9  6 . 5  
F 9 m . o .  + 1 4  m . o .  27 5 . 62 
M < 1 8  m . o . 86 3 . 52 

All 1 1  3 4 . 03 
Neu�rophil s  F 9 m . o .  8 1 • 469  
X 1 0 /1 F 1 4  m . o .  1 9  2 . 72 3  
( absolute ) F 9 m . o .  + 1 4  m . o .  27 2 . 35  
( Nos . ) M < 1 8  m . o .  8 5  2 . 50 

S tandard error = Mean S . E .  = x 
S .D .  = S tandard Deviation C . V .  = Co-efficient of variation 

S .  D .  S . E .  C . V . % 

1 . 5 6  0 . 64 9 . 5 2 
1 .  39 0 . 32  8 . 07 
1 .  449 0 . 2 9  8 . 5 1  
1 .  5 3  0 . 1 6  8 . 92 
1 .  5 1  0 . 1 433 8 . 82 

. 0 1 7  . 007 4 . 05 

. 0295  . 007 6 . 5 5 

. 0298 . 006 6 . 77 

. 04 1  . 004 8 . 42 

. 043  . 004 9 . 0 1 

2 . 7 1  1 .  1 1  6 . 99 
1 .  34  . 32 3 . 47 
1 .  687 . 34 4 . 37 
4 . 06 . 44 1 1  • 46  
3 . 88 . 37 1 0 . 74 

. 89 • 3 1  25 . 4 3 
1 . 5 . 34 2 3 . 08 
1 .  9 4  . 37 34 . 5  
1 . 45  . 1 6 4 1  . 2 
1 . 8 1  . 1 7  44 . 9 1  

. 6 27 . 2 2 42 . 9  
1 .  26 . 29 4 6 . 2 7 
1 .  245  . 2 4 5 2 . 98 
1 .  1 2  . 1 2 44 . 8  

-.J 
� 
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TABLE XII I  ( cont . ) 

Parameter Sex  

Eosinophils 

x1 o9 /1 

Lymphocytes  

X 1 09/l 

Monocyte s  

X = Mean 

F 
F 
M 

F 
F 
F 
M 

F 
F 
M 

Age 

9 m . o .  
1 4  m . o .  

1 8  m . o .  

· 9 m . o .  
1 4  m . o .  

9 m . o .  + 1 4  m . o .  
t 1 8  m . o .  

9 m . o .  
1 4  m .  o .  

1 8  m . o .  

S . D . = S tand ard deviation 
S . E .  = S tandard error 
C . V . = Co-efficient of variation 

No . of  
Animals 

8 
1 9  
85 

8 
1 9  
27  
85  

8 
1 9  
85 

X: S . D .  

0 . 36 1  0 . 75 5  
0 . 7 1 4 0 . 4 1 7  
0 . 3 2 6  0 . 05 1  

1 • 82 1 0 . 505 
2 . 623  0 . 6 28 
2 . 386 0 . 6 94 
0 . 878 0 . 583 

0 . 096 0 . 07 
0 . 202  0 .  1 1  
0 . 083 0 . 067 

S . E .  

. 27 

. 096 

. 006 

. 1 8  

. 1 4 
• 1 3 
. 06 

. 02 

. 03 
• 0 1  

C .  V . % 

2 09 
58 . 4  
1 5 .  6 

27 . 7  
2 3 . 9  
2 9 . 1 
6 6 . 4  

72 . 9  
5 4 . 5 
80 . 7  

-..J V1 



TABLE X I V  

The stat i s t i cal c ompari son of haematologi c al 
parameters  using S tudent s " t "  t e st . ( Spiegel 1 96 1 )  

76 

A .  Betwe en 9 month s old and 1 4  months old normal females 

Parameter s2 " t "  d .  f .  S ignificance 
5% level 

Hb . 2 . 04 1 1 1 . 2 5 5 5  2 3  N . S . 

P . C .  V .  0 . 00078 2 . 3424 2 2  s 

w . c . c .  1 • 84 1 8  5 . 2 449 2 5  s 

B .  Between  1 4  months old normal females  and adult 

normal male s .  

Hb 

P . C .  V .  

w . c . c .  

2 . 2694  0 . 2095  

0 . 00 1 5 4 5  3 . 6 3 1 7 

2 . 1 283 8 . 0 5 07 

1 0 3 

1 02 

1 03 

N . S .  

s 

s 
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TABLE XV 

CAP TU nE D  AN IHALS 

Analyse s o f  blood taken within first half  hour o f  capture . 
x 

Animal No . 3652  ( 2 )  4332 ( 2 )  4332  ( 1 ) ( 3 )  

Temperature oC 39 . 6  4 1 . 5  4 1 . 3  40 . 8  

Re spirat ion rate/min 36 28 44 36 

Heart rate /min 82 84 96 8 7 . 33  

Haemoglobin g/ 1 00 mls .  1 2 . 9  

Packe d cell  Vol . X 1 03 . 38 

MCHC 34 

wee x 1 09/1 4 . 3  

pH 7 . 1 8  7 . 2 7 . 5 7 . 2 93 

Pco 2 38 . 0  35 . 45 1 6 . 6 4 30 . 03 

Base  e x c e s s  - 1 4 . 0  - 1 3 . 5 

Bicarbonate 1 3 .  5 1 3 . 3  5 .  1 

Total p ro t e in g/1 55 . 6  70 . 9  69 . 2  6 5 . 23  

S GO T  ( S . F . U . ) 1 9 1  • 5 323 . 5  1 84 . 5 2 33 . 1 7 

S GPT ( S . F . U . ) 

Blood urea mmol/1 2 . 5  9 . 3  6 . 92 6 . 24 

Pho s phate mmol/1 0 . 87 0 . 86 0 . 79  0 . 84 

Gluc ose  mmoi/1 8 . 76 6 . 2  1 0 . 76 8 .  5 7  

S odium mmol/1 1 74 . 3 1 79 . 6 1 85 .  1 1 79 . 67 

Potass ium mmol/1 9 .. 2 1 2 . 0  7 � 5 9 . 5 7 

Calc ium mmo l/1 2 . 1 2 . 1 8  2 . 2  2 . 1 6  

Magnesium mmol/1 0 . 82 1 .  02 1 .  04 0 . 96 

Lactate mmol/1 9 . 2 1 2 . 95 1 1 . 43 7 . 86  

X = Me an 



TABLE XVI 

CAPTURED ANIM ALS 

Analyse s of blood taken within one hour of capture 

Animal No . 3388 ( 1 )  3388 ( 2 )  3388 ( 3 )  3388 ( 4 )  

Temperature 36 . 4  36 . 1 36 . 2  36 . 4  
Re spirat ion rate 30 32 22 78 
Heart rate 24  36  34 84 
pH 7 . 2  7 .  1 5  7 . 2  
Pco2 68 . 5 80 65 . 5  

Base exce s s  ,. 

Bicarbonate .· 24 . 4  26 . 4  2 5 . 5  
Total prote in g/1 65 . 8  64 . 0  63 . 1 
S GO T  ( S . F . U . ) 278 . 5  2 1 5 . 0  26 7 . 0  
S GPT ( S . F .U . ) 
Blood urea mmol/1 6 . 8  7 . 05 7 . 05 
Phos phate mmol/1 . 5 2 . 5 1  . 49 
Gluc o se mmol/1 4 . 99 4 . 33 3 . 03 
S odium mmol/1 1 9 1  • 1 1 86 . 5  1 8 1 • 9 
Potassium mmol/1 1 2 . 3  1 5 . 4  1 5 . 6  
Calcium mmol/1 2 . 66  2 . 52 3 . 3 5 
M�gne sium mmol/1 1 .  1 2  1 . 0 1 .  39  
Lactate mmol/1 7 . 1 6  7 . 33 6 . 58 

il 

3388 ( 5 )  4332 ( 2 )  

)6 . 2  40 
6 0  24  
66  5 4  

7 . 2  

X 

36 . 88 
4 1  
49 . 67 

7 .  1 87 
7 1 . 33 

25 . 43 
64 . 3  

25 3 . 5  

6 . 97 
0 . 5 1  
4 . 1 2  

1 86 . 5  
1 4 . 4 3 

2 . 84 
1 . 1 7  
7 . 02 

-:] 
(JJ 



TABLE XVII 

CAPTURED AN ilfillLS 

Analyse s of blood tak en with in 1 t  hours o f  capture 

Animal No . 4332 ( 2 )  4332 ( 1 )  X 
0 Tempe rature C 39 . 8  40 . 5  40 . 1 5  

Re spirat i on rate /min 30 42 36  

Heart rate/min 48 91 69 . 5  

pH 7 . 3 7 . 25 7 . 2 75 

Pco2 

Base e x c e s s  

Bicarbonat e  

T otal protein g/1 

S GO T  ( S . F . U ) 
S GPT ( S . F . U ) 
Bl ood ure a  mmol/1 

Phosphate mmol/1 

Glucose mmol/1 

S od ium mmol/1 

Potassium mmol/1 

Calcium mmol/1 

Magnesium"··mmol/1 

Lactate mmol/1 

X = Mean 

5 3 . 06 

2 5 . 5  

70 . 0  

526 . 5  

9 . 35 

1 .  5 3  

3 . 93  

1 75 . 2  

1 1 . • 5 

2 . 04 

1 . 1 5  

2 . 45 

38 . 26 

- 1 0 

1 5 .  1 5  

• 

6 . 85 

45 . 6 6 

2 0 . 32  

7 0 . 0 

5 26 . 5  

9 . 35 

1 .  5 3  

3 . 9 3  

1 75 . 2  

1 1 . 5 

2 . 04 

1 .  1 5  

4 . 6 5  



TABLE XVI II 

CAPTU RED AN II:IALS 

Analy s e s of blood t aken 1vi t hin 3 hours o f . c a pture 

Animal N o . 

T e mpe ratur e 0c 

Re s p i ra t i on rat e /m in 

Heart rate /m J n  

pH 

P c o2 

Bic arb ona t e  

T o t al pro t e in g/1 

S GO'l' ( S .  F • U .  ) 

S GPT ( S . F . U . ) 

Bl o od urea mmo l/1 

Pho sph at e  mmo l /1 

Glu c o s e  mmol /1 

S od ium mmo l/1 

P o t a s s ium mm o l/1 

Calc ium mm o l /1 

r-ragn e s ium mmol/1 

La c ta t e  mmo l/l 

X = Nean 

4 332(1 )  

39. 5  

4 1  

80  

7 . 1 5 

70 . 38 

24 . 0  

71 . 4  . 

729o 5  

8 . 68 

4 . 0 3 

199 . o  

8 .  2. 

2. 43 ·  

1 . 6  

6 . 0 3 

3 9 . 5 

4 1  

80  

7 . 1 5  

70 . 38 

24 

71 • �-

729. 5  

8 . 68 

4 . 03 

199 . 0 

8 . 2 

2 . 4 3  
1 . 6  

6 . 03 

80 

, I 



T A BLB XIX 

CAP TURED .AN H,IAL S 

Analy s e s o f  blood taken af te r 36 hou r s  a f t e r  cap ture 

Animal N o . 

Te mpe rature 
°

C 

Re s p i rat ion r a t e /mi n 

Hea r t ra t e /m in 

Hae m o gl o bin 

Packed c e ll V o l . 

!·1CHC 

0 
\'W C X 1 0 / /1 

pH 

-Pco2 
Ba s e  e x c e s s  

Bi c arbonat e 

'f o t. al pro t e in g/1 

� G'f'l 'r ( ' '  F U ) ._, :rv  .::> • • •  

S GP'f ( S .  F .  U .• ) 
Bl o o d  u r e a  mmo l /1 

Ph o s pha t e  mmo l /1 

Gluc o s e  mr:10l/l 

S od ium mmo l /1 

P o ta s s ium mmo l/1 

Cal c ium mm o l /1 

Magne s ium mmo l /1 

La c t a t e  mo ol/1 

X = Ivlean 

36 5 6  ( 406 ) 3 6 5 6  ( 4 1 3 )  
3 9 . 9  

1 8  

68 

1 �· . 3 
4 2  

3 4  

9 . 7  

7 .  4 1  

5 1 . 6 

3 1 . 9  

6 7 . 8  

85 . 6  

1 2 . 6 . 

1 3 . 8  

1 .  5 5  

7 . 9 

1 5 1  

3 . 45 

2 . 29 

. 72 

4 . 0  

39 . 7  

1 8  

64  

1 4 . 7  

4 2  

35 

1 r 5 ( -i y, .P  +- d \  o .  � . .  .L C C v e 1 

+ 5 . 5 

2 3 . 6 

5 4 .  1 

8 1  • 1 

1 2 . 0  

1 1 . 5 

1 . 02 

4 . 7 

1 53 

4 . 83 

1 .  6 7  

. 77 

5 . 02 

8 1  

39 . 8  

1 8  

66  

i t1r • 5 

42 

34 . 5 

1 3 .  1 

. 7 .  5 05 

38 . 6  

2 7 . 7 5  

60 . 9 5 

83 . 35 

1 2 . 3  

1 2 . 6 5 

1 .  285  

6 . 3  

1 5 2 

4 . 1 4 

1 .  98 

. 745  

4 . 5 1 



TABLE XX 

Analy s e s  o f  blo o d  t ak en Hi thin hal f h o ur o f  c ap ture 

Animal N o .  

0 Tempe rature C 

Re s p i rat i o n  rat e /min 

H e a r t  rat e /rnin 

HaemoGl ob in c/ 1 00 m l  

Packed cell Vol . 

NCHC 

vrcc x 1 o9 
/1 

pH 

Ba s e  e xc e s s 

Bi carbona t e  

To tal pro t e in 

S GO 'r ( S • F • U • ) 
S GP'l' ( S . P .U . ) 

Blood  ur e a  n� o l /1 

Ph o sphat e  mQ ol/1 

Gluc o s e  rnmol/1 

S od iurn mmol/1 

Potass i·Qffi ��ol/1 

C al c iwn mmol/1 

:r-1agne si  urn mmol/1 

Lac tate Imno1/l 

U r.ine pH 

bl o o d  

glu c o s e  

S .  G .  

X = Iv1ean 

3 385 3 6 5 2  

4 1 . ) 4 3 . 0  

78 1 60 

8Ll Cc-.380 

1 .5 

46 . 5  

3 2 . 2  

7 . 2 5 7 . 0 5 

78 . 4  9 3 . 2  

68 . 4  

378 

9 . 26 

. 76  

1 3 .  1 

1 84 . 6 

28 . 2  

2 . 39 

1 . 2 

1 2 . 3  

8 . 0  

Small 

1 .  038 

5 3 . 3 

2 � 9  

4 . 3 3 

1 .  48 

5 . 77 

1 80 . 5  

1 3 . 8  

2 . 25 
0 . 89 

2 1 . 89 

4332 ( 3 )  4332 ( �- )  
39 . 8  

3 6  

1 6 8 

39 . 5 
2 4  

84 

7 . 2 2  7 . 1 5  

72 82 

28 . 2  

6 0 . 8  

1 5 20 

3 .  1 

. 48 

7 . 5 9 
1 5 2 . 5  

6 . 4 

2 . 3 1  

. 9 5  

8 . 87 

67 . 2  

3 5 50 

5 . 63 

. 46 

4 . 6 3 

1 9 4 . 4  

28 . 1 
2 . 5 1 
1 . 2 5 

1 1 • 1 6 

8 2  

40 . 82 5  

74 . 5  
1 79 

7 .  1 7  
8 1 . 4. 

6 2 . 4 2 
1 42 4 . 2 5  

5 . 5 8  

. 79 5 
7 . 7 7  

. 1 78 

1 9 . 1 2 5  
2 . 3 6 5  

1 . 07 

1 3 . 5 5 
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TABLE XXI 

r,1YOP A TH I C  ANH�AJ.1S 

Analys e s  o f  b l o o d  taken wi th i n  one hou r  o f  c apture 

Animal N o . 3 386 ( 1 ) 338 6 (2) X 

Tempe rature o
c 38 . 3 40 39 . 15 

Re spirat ion rate /min 24 18 21 

Heart rate /min 6 0  56 58 

Hae m o c,-l o b i n  g/ 1 00 ml 20 .. 1 18 . 0  1 9 . 05 

Packed  c e ll Vo l .  53 45 49 

�1CHC 39 . 5 40 3 9 . 75 

\'!CC X 1 09 /1 2. 4. 1 . 4 1 . 9 

pH 7 . 4 . 7 .  25 7 . 325 

P c o 2 4.3 . 5 73 58 . 25 

- Base e x c e s s  

Bi carbon::1 t e  26 . 25 3 0 . 8 28 . 52 

To t al pro t e in g/1 72. 3 71 . 7  72 

S GO T  (S . F . U . ) 2495 3210 2852 . 5  

S GPT ( S . F . U . ) 

Bl o o d  u r e a  m.rno l/1 7 . 21 8 . 72 7 . 965 

Pho s phat e mm o l/1 . 77 2. 4 1 .  585 

Gluc o s e  mmo l/1 3 . 9 3  7 . 89 5. 91 

S od ium mmol /1 177 . 8  187 . 8  182 . 8  

P o ta s s ium mmo l/1 20 . 8  20 . 2  20 . 5  

C a l c ium 2 . 3 3 1 .  77 2. 05 

�1agne s ium mmo l/1 1 .  32 1 .  3 4  1 .  3 3  

Lac tate mmo l/1 8 . 74 1 0 . 26 9 . 5  

X = Mean 



TABLE XXI I 

l\1YOPATH I C  ANH1ALS 

Analy se s of bl ood taken I1l o re t hCJ.n 2 4  hours  afte:r:- capture . 0 

Animal Ho . 

Tempe rat ure 
.1e s pio ra t i on rate 
H e a r t  ra t e  
Haemoglob in 
Packed c e ll Vol . 
M8HC 
wee x 1 o9 /1 
pH 
Pco2 
Base excess  
Bicarbonate 
T o t al p r o t e in g/1 
S GO �� ( S • J? • U ) 
S G? r_r ( S • F • U ) 
Blo od urea �� ol/1 
Ph o s phat e mm o1/1 
Glu c o s e  mmo l /1 
3 o d iurn mmo l /1 
P o t a s s ium mm o l /1 
Cal cium mmol/1 
r'iafone si.um mmol/1 
La c ta t e  mmo l /1 
Urine pH 

blood 
e;luco se  
S .  G .  

X = Nean 

30 1 7 ( 1 ) 30 1 7 ( 2 )  3387 

3 5 . 4 
1 2 
3 8  
1 8 . 85 
5 2  
3 6 . 25 

4 . 1 2 5 
7 . 4  

4 9 . 7 5 

46 . 78 
73 . 6  

7345  

1 1 . 6 
2 . 7 1  
7 . 5 9 

1 2 5 . 9  
7 . 3  
1 . 79 

. 67 
3 . 6 8 
6 . 4 

l arge 
d. ark 

1 .  037 

3 8 . 4 
1 9 
40 

0 1 8 . 4  
5 3 . 0  
34 . 7 

6 .  1 5  
7 . 4  

6 0 . 0  

5 0 . 9  
7 3 . 00 

7 6 5 0  

0 1 2 .  0 
2 . 3 3 
8 . 82 

2 0 1 . 3  
1 0 . 8  

1 0 1  
• J ' 
. 76 

3 . 7 2 

40 
5 6  
6 4  
20 
5 8  
34 . 5  

2 . 2 
7 . 2 5 

7 5 . 8  

3 1 . 9  
68 . 4  

885 5 
1 o .  2 

3 .  1 
1 .  1 7  

1 6 6 . 2 
2 5 . 0  

2 .  1 4  
1 . 1 4 
4 • 1 r/ 

407 3 ( 1 )  4073 ( 2 )  

39 . 8  
1 3 
48 
1 9 . 8  
5 4 
37  

3 . 6 5 
7 . 3 9 

3 6 . 1 ° 

2 1 . 4  
7 0 . 7 

9 3 7  
7 1 00 

20 . 5  
3 . 02 
3 . 9 3 

1 92 .  1 
1 2 .  2 

1 .  6 6  
1 . 2 
3 . 6 1 
7 . 00 

large 

1 .  028 

3 6 . 6  
1 2 
48 
1 9 . 9 
5 4  
3 7  

3 . 5 5  
7 . 42 

33 . 7  

2 1 . 4  
7 1 . 7  

1 1 , 975 • 

2 2 . 0 
2 . 9 1  
2 . 1 3  

1 27 . 2  
5 . 0  
1 .  5 6  
1 .  2 2  
3 . 9 7 

x 

38 . 04 
2 2 . 4  
47 . 6  
1 9 . 3 9 
5 4 . 2  
3 5 . 8 9  

3 . 9 3 5  
7 . 3 7 2  

5 1 . 07 

3 4 . 48 
7 1 . 48 

7 3 5 4 . 4 
7 1 00 . 0  

1 5 . 2 6 
2 . 8 1 4 
4 . 728 

1 6 2 . 5  
1 2 . 06 

1 .  8 1  
. 998 

3 . 83 

CD 
..f"' 



S TATI S T I 81ili ANALYSES 

The m ean s , s t andard d ev i ati on s ,  s t and a rd e rr o rs 

and c o - e ff i c ie n t s  of va ri a t i on we re cal culat e d  b y  t h e  

standard f o rmulae . 

Data c ompari sons b e twe en the 9 m . o .  f e m ale s ,  t h e  

1 4  m . o .  f e mal e s  and the mal e s  w e r e  mad e  u s i ng the 

S tuden t s  ' t ' t e st . Thi s  hus b e en s � ppl e m en t e d  by 

c ornpu t j_ng the analy s e s o f  va:r· i ah c e  f or t h e  parame t e r s  

u s i ng the T e d j yb e a r  p ro gramme d evi s e d  b y  J . B . Wil s on . 

All data iva s  punch e d  ont o  c or.1pu t e r  card s , t h e  c o n t ro l  

c ard s add e d  and p ro c e s s e d on the Unive r s i t y  o f  O t ago ' s  

c omput e r .  

Mean o f  p opul a t i on 

S t andard d e vi a t i o n  (d ) s 

( d i s p e n s i on about m ean ) 

S t and ard e rr o r  s 
y . x .  

( me a sure o f  r e liab i l i t y  o f  

mean o f  s a mp l e  r e p re s ent -

ing the me an o f  wh o l e  

p o pula ti on ) 

( __ ) 7_  = x. -- x  
=j'-rc ·y - y (_ , "k ----�-

{\( 

= d 
,j f\J -

ivh e re r -- a c t ual ar:w unt pre se iJ t  Ye = e s t imat e d  amo unt 
pre s ent 

N = n o . o f  animal s . 

8 5  



Co-eff i c ie nt o f  Variati on V - S t andard d evia·t i on x 1 00 

( me asure s the var-iat ion or d i spe n s ion 

f rom standard deviat ion ) = 

Varian ce  p o pula t i o n  variance 

s 
X 

d �. 

Eean -1-

sample varian c e  from this  p o pulat i on S �  

' t ' t e s t  f or c omp aring po pul at ion me an s  

86 

I t I = h'\ - \1)'1 l._ f 0 l� ( n 1 -1� 1\ ;L - 1 ) 
J s "l.(.J_ +- .J._ )  

de gre e s of fre e d om 

n ,  n .t  

82 = (��. , - 1 ) $,1.. +- ( n 2  - 1) s)..t.. _ 
n 1  + n 2 - ..z.  

S = standard d eviation = 

n - sample nu mb e r  

m s amp l e  m e an 

S . E . e standard e rror = 

ANALYS I S  O f  V� RIANCE 

S . E . JN  _ 

s 

All data wa s punche d  o n t o  c omput e r  c ard s . The 

instruct i o n  c ards for t h e  Tedd y Be ar programm e o f  

analysis o f  var i an c e w e r e  add ed i n  the a ppr o pr i a t e  

pla ce s ,  and t he 1,1h o l e  analy s e d  by c omput e r . 
Thi s  analy se ;3 the variation v;ri .Jch j_n group s and 

b e tvm en group s 3.Yld t e s t s  if a l l  th e sample s a re or 

c ould be f rom the same populat ion . The probab ility 

o f  the sign i ficance ��·as t aken at  th e 5�;� level ( P < . 0 5 ) .  
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