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ABSTRACT 

In view of the alarmingly high losses which frequently 
occur as a result of capture myopathy during trans- 
location of game animals, it was decided to investigate 
the main physiological and biochemical changes which 
occur during capture stress. In a series of experiments 
with eight springbok which were captured in drop nets, 
it was shown that a marked increase in rectal temper- 
ature (>42'C), cardiac rate Cji = 159/min) and res- 
piration rate (T = lZO/min) occured. These changes 
were interpreted as being normal physiological adjust- 
ments to forced exercise, although the hyperventilation 
probably also partially compensated for a metabobc 
acidosis which is one of the features of capture stress. 
In addition it was found that under conditions of cap- 
ture stress an extremely dramatic increase occured in 
plasma levels of glucose(x = 221 mg/ IOOrnl), creatine 
kinase (E = 6582 mUSrnl), lactate dehydrogenase (51 = 

38 349 mU/ml) and lactate (I = I90 rng/100 rnl) 
with a concurrent reduction in blood pH (min. 6,748). 
These increases were far higher than those which occur 
during forced exercise in domestic animals such as the 
sheep and it became clear that a very intense alarrn 
reaction occurs in captured springbok. In addition to 
the above changes, plasma levels of potassium rose 
significantly (max. 6,4 mEqJ 1) and fairly convincing 
evidence was obtained by means of gel electrophoresis 
that myoglobin was released into the plasma as a re- 
sult of capture stress. 

It was concluded that capture myopathy was caused in 
the present investigation by mechanical injury (trauma) 
and as a result of acute stress and hyperthermia 
brought about by forced exercise, which is moreover 
potentiated by an intense alarm reaction and a conco- 
mitant catecholarnine release. Under the latter condi- 
tions haernoconcentration occurs, plasma glucose levels 
rise dramatically, and, in view of the increased work 
load on the muscles, the oxidative capacity of the mito- 
chondria i s  exceeded. This results in hypoxia, increased 
anaerobic metabolism, a metabolic acidosis, an in- 
crease in lactate levels, and, of great importance, in- 
creased permeability of the cell membrane. The latter 
effect is the most probable cause for an efflux of various 
intracellular enzymes such as creatine kinase and lactate 
dehydrogenase as well as the electrolyte potassium. 
Potassium Fevels may increase to such an extent that 
normal rnyocardial function could be disrupted and this 
may be the ultimate cause of death in some cases. Of 
equal if not greater importance in this respect, how- 
ever, is the loss of potassium from the intracellular 
fluid and particularly the muscle cells. This results in a 
disruption of normal cell function and consequent 
weakening of the muscles. 

Preventative measures must therefore be aimed at 
reducing mechanical injury, the aIarm reaction, hyper- 
thermia and. as Far as possible, avoiding over-exertion. 
In the present investigation considerable success was 
achieved by using improved capture techniques and 



the tranquilliser haloperidol (G. D, Searle & Co.). 
In addition, supportive therapy should be directed to- 
wards alleviating the metabolic acidosis, promoting 
aerobic metabolism and thus restoring the integrity 
of the ceII membrane, 

1 INTRODUCTION 

One of the more chaIlenging problems in wildIife 
conservation today is that of overstraining disease or 
capture myopathy. Affected game animals may on 
occasion die suddenly without showing marked symp 
toms prior to death. Others sometimes excrete urine 
of a dark brown colour and often manifest cIinical 
signs of muscular degeneration and pain. Post rnortern 
examinations reveal the characteristic dull, whitish, 
necrotic muscular lesions which are frequently sur- 
rounded by extensive haemorrhages. These lesions 
occur in the skeletal as well as in the cardiac mus- 
culature. General congestion and severe pulmonary 
oedema, due to congestive heart failure, are observed 
in acute cases, as weEl as degenerative changes in the 
fiver and kidneys (Young and Bronkhorst, 1971; 
Young, 1972). 

It is well known that severe exercise in man causes 
certain changes in the blood chemistry. The acid-base 
balance is disturbed, anaerobic metabolites accumulate 
and the level of certain intracellular enzymes and 
electrolytes rise in the plasma. (Block et al., 1969; 
Dancaster el al., 1971; Fowler et al., 1962). 
Harthoorn and van der Walt (1974) have speculated 
that the extensive lesions of the muscles encountered 
during capture rnyopathy, are in fact a combination 
of the direct effect of lactic acid on the muscle fibres, 
combined with forced exercise of the muscle which 
tends to go into spasm as a result of the changes 
in the hydrogen ion concentration. 

Hofmeyr, Louw and du Preez (1973) found that the 
blood chemistry of a chased group of zebras showed 
similarities to that of a zebra that died of shock. In 
both cases the plasma EeveIs of glucose, lactate and 
creatine kinase were elevated. They were therefore 
tempted to conclude that incipient signs of the shock 
syndrome (capture rnyopathy) were already evident in 
the chased group of animals. Moreover, the general 
changes in the blood chemistry of the exercise-stressed 
zebras indicated that they displayed an alarm reaction 
and that anaerobic metabolism was employed. The 
enzyme levels in the plasma were also eIevated. Since 
both the catecholamines and hypoxia are known to 
cause an increase in plasma enzymes, it seems reason- 
able to assume that these factors also contribute to 
the increased cellular membrane permeability during 
exercise-stress, 

Very recently Harthoorn and Young (1976) have in- 
vestigated several parameters, which may be involved 
in the stress syndrome associated with the capture 
of wild game. They are dso of the opinion that the 

deveIoprnent of a marked metabolic acidosis, an 
increase in pulmonary arterial pressure and elevation 
of certain serum enzymes are involved in the syndrome 
generally known as capture myopathy. 

It therefore seems that a thorough study of the effect 
of stress on blood chemistry may bring us closer to 
the soIution of the overstraining disease problem. The 
purpose of the present investigation was therefore to 
take the studies of Hofmeyr er al. (1973) a step 
further by examining the effect of capture stress on 
the blood chemistry of springbok in more detail. 

2 P R O C E D U R E  

2.1 Experiment 1 

During a springbok capturing expedition in July, 1973 
on the farm Lochkolk in South West Africa, eight 
springbok were randomly selected for this experiment. 
The animals were caught in drop nets, after being 
herded by vehicles and a fixed-wing aircraft for 
approximately 15 - 20 minutes (Hofmeyr, Luchten- 
stein and Mostert, 1977). Immediately after they had 
been netted a heparinised blood sample was drawn 
from the external jugular vein of each animal, centri- 
fuged within ten minutes and the plasma immediately 
frozen on solid CO in the fieId For later analysis. .2 
Prior to centrjfugatron a sub-sampIe was taken for 
micro-haematocrit determination. In addition, a 2 m1 
heparinised venous blood sample was taken anaerobic- 
ally for pH determination. This was frozen irnrnediate- 
ly and pH determinations were canied out within a 
week. After the blood samples had been taken the 
rectal temperature, cardiac rate and respiration rate 
were recorded and an injection (0,20 to 0,30 mg / kg) 
of haloperidol (Searle) was administered (Hofmeyr 
et al., 1977). 

The animals were then transported to a small enclo- 
sure (8 X 4 m hessian-tined boma) where they were 
kept for two weeks (Plate I). After the first blood 
samples (stress sampIes1 had been taken, the above 
blood sampling procedure was again repeated after 
I h, 6 h, 24 h, 48 h and I20 h. Samples for pH 
determinations were only collected up to 6 hours after 
stress. A further maintenance dose of haloperidol was 
administered 16 hours after the first dose, with the 
result that the animals were tranquiIIised and cairn 
when the 1 h, 6 h and 24 h samples were taken. 
Once the tranquilliser effect wore off, the springbok 
had to be forcibly captured in the enclosure and re- 
strained by hand. Hofmeyr et al. (1977) have shown 
that the tranquillising effect of haloperid01 disappears 
within IQ - 12 hours. Nevertheless, it was not con- 
sidered advisable to keep the springbok under the 
influence of haloperidol during the entire sampling 
period, as the drug may have influenced their feeding 
behaviour. Analysis of the plasma included determina- 
tions of plasma glucose, lactate, creatine kinase 
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PLATE I : The expenmental an~rnals m hessian-lined holding pen. 

{C.P.K.), lactate dehydrogenase (L.D.H.), sodium, po- 
tassium, myogIobin and haemoglobin. 

Boehringer test kits and an Eppendorf photometer 
model 1101 M were used for the determination of 
plasma glucose, lactate, C.P.K. and L.D.H. The test 
kit instructions were followed exactly. In the case of 
C.P.K. and L.D.H. the plasma had to k diiuted ten 
times with physiaIogica1 saline, because the opticd den- 
sity differences exceeded the maximum allowed. In the 
case of C.P.K., diluted plasma may have a 40 % 
higher activity than undiluted plasma. To correct for 
this higher activity, 40 % was subtracted from every 
C.P.K. value thus obtained. 

To test if myoglobin and haernodobin were present 
in the plasma, eIectrophoresis of pure myoglobin, pure 
haemoglobin and all the plasma samples were carried 
out by the cellulose acetate method on a Beckman 
microzone electrophoretic apparatus. This method was 
not sufficiently sensitive and therefore acrylarnide gel 
electrophoresis was also carried out on a few plasma 
sampres, with pure myoglobin and pure haemoglobin 
as standards. Sodium and potassium concentrations 
were determined, using standard name photometric 
techniques (Instrumentation Laboratory, IL 343). 
Determinations of pH were carried out on an Astrup 

~adGrneter  and pH meter PHM 71 / BMS 2, at a 
temperature of 37' C. In order to establish if storage 
of the blood sampIes may have affected the pH, addi- 
tional samples of sheep bEood were collected anaerobic- 
ally under identical conditions and the pH immediately 
determined. They were then frozen for two weeks and 
the pH re-determined. The change in pH a k r  freezing 
was found to be negligible. Statistical analysis of the 
data consisted of testing for significance between 
sampling periods by using Student% t test. 

2.2 E x p e r i m e n t  2 

In an attempt to collect control bIood samples, eight 
springbok were shot separately at  a water hole from 
a concealed position on the farm Rooipoort in the 
Kimberley district, All of them received headshots and 
they died immediateIy, apparently without the slightest 
alarm. Within two minutes the thoracic cavity was 
opened'and blood samples were drawn from the Ieft 
ventricle for pH detetrninations, haernatwrit and 
plasma andyses. These samples were treated in exactly 
the same way as previously described. We presumed 
that under these circumstances suitable sampIes would 
be obtained for control values. This, however, was 
later proved not to be the case. 



3 R E S U L T S  AND DISCUSSION 

3.1 Exper iment  I 

3.1.1. Cardiac rate, respiration rate and rectal 
temperature 

Capturing had a very pronounced effect on the cardiac 
rate. Table 1 shows the highly significant decrease 
in cardiac rate after one hour, with a further signifi- 
cant decrease six hours later. One can assume that 
this approximates the normal cardiac rate, because 
twenty-four hours after capture the same value was 
obtained. Later values showed another increase in the 
cardiac rate, which can be ascribed to the fact that 
the animals were no longer tranquillised and again 
displayed an alarm reaction. 

Various factors contribute to the rise in cardiac rate 
during exercise. They include sympathetic nerve stimu- 
lation, a rise in the carbon dioxide content and tempera- 
ture of the blood, perhaps acid metabolites, and, very 
important - the catecholamines secreted by the adrenal 
medulla (Karpovich, 1959; Morehouse et al., 1967). 
With regard to the latter it should be noted that the 
springbok were not accustomed to humans or to herd- 
ing and displayed an intense alarm reaction. 

TABLE I :  Effect of capture and subsequent haloperidol therapy 
on cardiac rate. 

CARDIAC RATE (rate / min) 

GROUP MEAN RANGE 

STRESSED 160 120-200 
1 Hour 96 76-1 16 
6 Hours 79 72- 92 

24 Hours SO 60- 96 
48 Hours* 109 80-132 

120 Hours* 112 86-138 

S.D. N 

32 7 
& 16 8 
+ 7  8 
? 12 8 
+ 22 8 
+ 2 0  8 

Stressed vs. 1 Hour - H.S. (P <0,001) 
I Hour vs. 6 Hours - S. (P (0,025) 
b Hours vs. 24 Hours - N.S. (P >0,05) 
24 Hours vs. 48 Hours - H.S. (P <0,005) 
48 Hours vs. I20 Hours - N.S. (P >0,05) 

Not undcr influencc of  halopendol 

TABLE 2: Effect of capture and subsequent haloperidol therapy 
on respiration rate. 

RESPIRATION RATE (rate / min) 

GROUP MEAN RANGE S.D. N 

STRESSED 120 62-158 2 36 7 
l Hour 26 14- 44 + 9  8 
6 Hours 23 18- 32 ? 5  8 

24 Hours 26 12- 40 1:9 8 
48 HoursL 33 24- 52  10 8 

120 Hours* 50 26- 94 2 22 8 

Stressed vs. 1 Hour - H.S. (P <0,W1) 
1 Hour vs. 6 Houn  - N.S. (P >0,05) 
6 Hours vs. 24 Hours - N.S. (P >0,05) 
24 Hours vs. 48 Hours - N.S. (P >0,05) 
48 Hours vs. I20 Hours - N.S. (P  >0,05) 

Not under influcnccof halogctidol 

Directly after stress, four of the eight animals had a 
temperature greater than 4 2 O  C and the minimum value 
was 40,8, while only one anirnd registered a temper- 
ature in excess of 42" C one hour later and the 
minimum was 39,3O C. The individual results indicate 
that the rectal temperature decreased appreciably after 
one hour. Subsequent readings never included a 
temperature greater than 42" C and the mean values 
are given in TabIe 3. 

TABLE 3: Effect of capture and subsequent haloperidoI therapy 
on rectal temperature. 

RECTAL TEMPERATURE (OC) 

GROUP MEAN RANGE N 

STRESSED - 4 0 , 8 4 2  + 8 
I Hour 3 9 , 3 4 2  + 8 
6 Hours 38,8 38,I-39.4 8 

24 Hours 38,9 38,2-39,7 8 
48 Hours 39,9* 39,4-40,2 8 

120 Hours 393' 38,840.0 8 

Not undcr innutnocol haloprridol 

The marked increase in respiration rate after stress 
had disappeared after one hour and no significant 
changes occurred later (Table 2)- This elevation in 
respiration rate represents normal physiological adjust- 
ment to the demands of forced exercise. In this way 
oxygen supply to the muscles is increased and, 
concurrently, any metabolic acidosis which may de- 
velop is partially compensated for by hyperventilation. 

Unfortunately the thermometer used for the experi- 
ments could onFy register values up to 42' C. The 
stressed springbok frequently exhibited a temperature 
in excess of 4 2 O  C after exercise and this has k e n  
indicated as 42+. No statistical analysis was therefore 
possible on the recta1 temperature values. 

The increase in rectal temperature indicates that the 
animals did not fully succeed in dissipating the excess 
heat produced during exercise. However, they were all 
able to tolerate this high body temperature and hypet- 
thermia was no longer evident after six hours. Neither 
Harthoorn and van der Walt (1974) nor Hofmeyr et al. 
(1973) found such high temperatures after capture in 
either the blesbok or zebra. 

Table 4 shows that there was no significant decrease 
in the high haematocrit values obtained immediately 
after capture until the 120 h observation. 
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TABLE 4: Effect of capture and haloperidol therapy on haema- 
tocrit values. 

HAEMATOCRIT 

GROUP MEAN RANGE S.D. N 

STRESSED 52 47-56 k 3,4 8 
1 Hour 49 43-54 k 4,7 & 
6 Hours 47 42-52 k4,O 8 

24  Hours 47 40-53 k 4,3 8 
48 Hours* 5 0  45-55 k 3,7 8 

120 Hours* 43 3 5-48 f 4 , l  8 

Stressed vs. 1 HOW - N.S. (P >0,05) 
1 Hour vs. 6 Hours - N.S. (P >0,05) 
6 Hours vs. 24 Hours - N.S. (P >0,05) 
24 Hours vs. 48 Hours - N.S. (P  >0.05) 
48 Hours vs. 120 Hours- H.S. (P  <0,005) 

NOI under influence OF haloperidol 

The following factors may have contributed to an 
apparently increased haematocrit vdue found after 
stress, namely an intense sympathetic reaction in- 
volving catecholamine release and contraction of the 
splenic capsule (Guyton, 196%) or a reduction in plasma 
volume. Haernoconcentration and dilution in exercise 
has been extensively studied (Costill et al., 1974; 
Dill e1 al., 1974; Hofmeyr er al., 1973). 

Hofmeyr et al. (1973) found in their experiments on 
zebra that the haematocrit values fell within one hour. 
It is dimcult to expbain the difference between their 
findings and those of the present investigation. In fact, 
until reliable normal values have been established, fur- 
ther discussion in this respect remains speculative. We 
are, however, inclined to accept the high valves 
obtained in this investigation, particularly when viewed 
with the dramatic hyperglycemia, as being an index 
of an alarm reaction and catecholamine release. This 
view is strengthened by the observation that when one 
springbok was darted with etorphine hydrochloride / 
M99 (Reckitt) and azaperone (Janssen Phamaceutica) 
without inducing any overt alarm reaction, the hae- 
matwrit values remained at 40 - 42 % throughout 
a three-hour immobilisation period. The low values 
recorded at 120 hours were, nevertheless, obtained after 
recapture without tranquilliser treatments and should 
theoretically have paralleled the high glucose values 
obtained. The only rational explanation that we can 
offer for this phenomenon is possible intravascular 
haernol y sis. 

3.1.3. Plasma levels of glucose and lactate 

In Figure l and Table 5 it can be seen that capture 
resulted in a very high glucose level in the plasma, 
which prevailed for a considerable time. The first 
significant decrease occurred at 24 h. However, the 
48 and 120 h values were elevated again. 

The extremely high glucose values observed after stress 
in the present investigation indicate that the catechol- 
amine reaction appears to have been very intense 

although without actud measurements of circulating 
levels of catecholamines this conc1usion cannot be 
made with absolute certainty. 

The reason why the glucose remained at a high level 
for a considerable period is, however, not clear, 
although the effect of cortico-steroids in gIuconeogene- 
sis may have been significant in this respect. The rise 
in the glucose level at 48 and 120 h, when the animals 
were no longer tranquillised, can probably be ascribed 
to additional alarm reactions. 

TABLE 5: Effect of capture and haloperidol therapy on the 
plasma levels of glucose. 

GLUCOSE CONCENTRATION (ma / 100 ml) 

GROUP MEAN RANGE S.D. N 

STRESSED 198.3 116,9-237,O 37,7 8 
1 Hour 195.0 14&,6-232,9 4 31,5 S 
6 Hours 221,s 162,5-291,3 ? 5S,7 8 

24 Hours I l8,O 8613-153,8 f 2Q,5 S 
48 Hours* 159.0 116,8-240,s ?39,5 8 

120 Hours* 167,2 147,s-23f,2 f 29,2 8 

Stressed vs. 1 Hour - N.S. (P >O,O5) 
1 Hour vs. 6 Hours - N.S. (P >@,OS) 
6 Hours vs. 24 Hours - H.S. (P <O,Oal) 
24 Hours vs. 48 Hours - S. (P (0,025) 
48 Hours vs. 120 Hours - N.S. (P >0,05) 

Not undcr influence orhalopcridol 

0 1 

S t r e s s  1 6 24 4 8  1 2 0  
- 

T ~ m e  a l l e r  s t r e s s  In n o u r s  

RGURE I :  Effect of capture and haloperidol therapy on plasma 
levels of glucose and lactate (N = 8). 

Glucose concentrations & S.E. 
0 Lactate concentrations + S.E. 
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Table 6 and Fig. 1 show that the very high lactate 
levels observed after stress returned to normal within 
6 h. The plasma lactate levels exhibited by these ani- 
mals after stress were much higher than the value 
of 68,9 t 6,4 recorded by Hofmeyr et al. (1973) 
for chased zebra. It can be assumed, therefore, that 
the springbok experienced greater stress and had to 
employ anaerobic metabolism to a much greater extent. 

The high lactate level in the 48 and 120 h samples, 
when the animals were no longer tranquillised, is also 
of interest. They were kept in a small boma, and most 
of them struggled for one or two minutes before the 
48 and 120 h blood samples could be taken. Keppler, 
Keul and Doll (1969) found that during a 60-second 
work per id ,  muscle gIycogenolysis seems to be maxi- 
rnally activated and surpasses the mitochondrial 
capacity for pyruvate oxidation. In this experiment 
the animals also showed an intense fear reaction when 
the untranquiltised samples were collected at 48 and 
120 h, thus explaining the high lactate levels found 
after a struggle of only one or two minutes. It would 
also seem as if haloperidol therapy was instrumental 
in reducing lactate levels very effectively. 

TABLE 6: Effect of capture and haloperidol therapy on the 
plasma levels of lactate. 

LACTATE CONCENTRATION (mg / 100 ml) 

GROUP MEAN RANGE S.D. N 

STRESSED 190.1 1453-211,3 +22,2 8 
l Hour 107,s 75,9-129,l & 39,s 8 
6 Hours 20.9 14,@-24,6 + 3,4 8 

24 Hours 17.0 9,6- 22,4 ? 4,6 S 
48 Hours* 82.3 36.8-127,8 -1 33.7 8 

I20 Hours* 112.6 89,L-1393 *18,9 8 

Stressed vs. 1 Hour - H.S. (P <0,001) 
1 Hour vs. 6 Hours - H.S. (P (0,001) 
6 Hours vs. 24 Hours - N.S. (P >0,05) 
24 Hours vs. 48 Hours - H.S. (P <0,001) 
48 Hours vs. 120 Hours - S. (P (0.05) 

+ N m  under inlluencc or halopcridol 

3.1.4. Blood pH values 

Unfortunately only the pH values could be determined 
in this experiment and not the complete acid-base ba- 
tance. However, on the basis of the respiration rate 
and lactate values observed, some conclusions can be 
drawn. For example, immediately after exercise the 
animals exhibited an extremely low blood pH (Table 7). 
Karpovich (I9591 stated that the lowest pH of venous 
blood ever recorded in living man, at that time, was 
6,78 after exercise. The anirnaIs were definitely in a 
condition of metabolic acidosis and the lactate con- 
centration was very high. They also responded with 
hyperventilation, but it is not possible to say to what 
extent this affected the blood pH. It would seem, how- 
ever, as if the animals showed a partidy cornpen- 
sated metabolic acidosis immediately after exercise. 

TABLE 7: Effect of capture and haloperidol therapy on bIood pH. 

GROUP MEAN RANGE S.D. N 

STRESSED 7,033 6,448-7,262 f 0,159 7 
1 Hour 7,248 7,135-7,305 f 0.058 8 
6 Hours 7,262 7,200-7,33 I k 0,055 8 

Stressed vs. l Hour - H.S. (P <0,005) 
1 Hour vs. 6 Hours - N.S. (P  >O,OS) 

Two animals exhibited a bIood pH below 7,O imme- 
diately after exercise and it is of considerable 
significance that the lactate levels and respiration rate 
in these animals were among the highest recorded 
(Table 8). 

TABLE 8: Respiration rate and plasma lactate concentration of 
two sptingbk, with a blood pH below 7,O. 

LACTATE 
ANIMAL NO. pH rng / 100 ml R a p .  Rate 

No. 29 6,748 200 t 06 
No. 32 6,950 207,6 158 

One hour after capture there was a highly significant 
increase in the mean blood pH values of the whole 
group and the 6 h value was still higher, although 
it did not differ significantly from the one-hour value. 
The mean value for blood pH at 6 h is still considerably 
lower than the normal pH of 7,35 for sheep and human 
venous blood. At this stage the respiration rate and 
lactate values had returned to normal. These results 
are in general agreement with these obtained by Hart- 
hoorn and Young (1976) for zebra and wildebeest 
and are comparable with results obtained by Harthoom 
and van der WaIt (1974) in blesbok. 

3.1.5. Plasma levels of sodium, potassium, lactate de- 
hydrogenase (L.D.H.) and creatine kinase 
(C.P.K.) 

The sodium level (Table 9) showed a highly significant 
decrease one hour after the initial stress. Although 
the sodium values recorded at 6, 24 and 48 h are 
somewhat higher than the normal values for humans 
(1 36 - 148 mEq / 1, Baron 19731, there was no statis- 
tically significant change until the elevation recorded 
at 120 h. 

Capture appears to have caused. a marked increase 
in the potassium levels immediately after stress (Table 
10). One hour later the potassium level had aIready 
returned to normal, and no further significant changes 
occurred. However, some individuds showed a very 
low potassium concentration at various times after 
stress. 



(I969), McKechnie, Leary and Joubert (1967) 
-caster and Whereat (1971) &Q found a rise 

concentration after exercise, while Mc- 

ccmcentration in marathon runners imme- 
&& &X the went. Metivier (1969) found an 

in sodium levels after exercise, while Da- 
caattr et al. (1971) found no difference in plasma 
& levels after a marathon run. 

PLATE 2: Post mortern appearance of a springbok which exhib- 
i&d severe hyperkalaemia (8,s -1) and grossly elevated 
plasma levels of C.P.K. (4 91 1 rnV/ml) and L.D.H. (4 868 
mU/d) c m  how after capture. Note extensive s u p r f i d  haem- 
orrhages md contusions. 

The importance of mechanical trauma in causing an 
efflux of potassium ions from the muscle cells during 
capture operations using nets should not be under- 
estimated. This impression was conrmed when one 
springbok exhibited potassium plasma levels as high 
as 8,s mEq/l  one hour &er capture. This aaimal 
eventually died six hours after capture d post 
examination revealed extensive superf~d muscular 
contusions and subcutaneous haemorrhages (Plate 2). 
Histological examination of the skeletal muscle of the 
same animal showed rounding of the fibres which is 
indicative of hypoxia (Plate 3) (Rohm, 1973). 

It would seem, therefore, that under conditions of 
capture stress, the loss of potassium from the insa- 
cellular fluid is probably brought about by cakchol- 
amine release, and metabolic acidoi resulting in 
increased membrane permeability and replacement of 
potassium iom by hydrogen ions, as well as by trauma 
and, possibly, the effects of adreno corticoid hormones. 
Moreover, these effects are of great -came, as 
they not ody constitute a dmger of cardiac arrest 
under conditions of hyperkalaemia, but tbe loss of 
pahssium ions from the muscle d s  is probably of 
even greater sign5cane (U and Brown, 1963; 
Baron, 1973). 

TABLE 9: l%ea oF c a m  and haloperidol iherapy on the 
plasma bvels of sodium. 

SODIUM CONCENTRATION (mQ / l) 

T~~ MEAN RANGE 3. N 
SrRBSED I65 
1 Hour I47 
6 Hours I55 

24 Hours 156 
43 Hours* 153 

12OHolrrs. ' 161 

S ~ w . l H o u r  - 
lHourvs .6Houm - 
6 khms VS. 24 Hours - 
24 Hours v& 48 Hours - 
48 Hours vs. 120 Hours - 

Not uadcr infl- OlhalcprkM 
PLATE 3: Sectioa of skdetal mude Jowhg rounded fibres 
which are indicative of hypoxia (R - rounded fibres). 

Meiiier (1969) is of the opinion that the inmeme 
in electrolytes in the sawn during physical exercise, 
is a result of increased cellular pmeability, brought 
about by catecholamhe release. The f l u x  of potas- 
sium from the oeUs is further enhanced by the m&- 
bolic acidosis when hydrogen ions displace potassium 
ions from the cells. For example, M e  and Brown 
(1963) have shown that skeletal muscle in dogs lostes 
potassium under conditioas of respiratorp acidosis and, 
equally important, cardiac muscle gains potassium 
under the same conditions. 

Tables 11 and 12 and Figs 2 and 3 show that the 
plasma concentrations of C-PX. and L.D.H. also 
increased dramatically after the initial stress. C.P.K. 
shows an early peak at 6 h and another at the I20 h 
sampling period at which time the anin& were not 
under sedation. LD-H. did not reach a peak until 
48 h after stress. This p m  of elevation confms 
with the generally accepted theory on devation of 
serum enzyme levels found after cardiac infarction 
(Baron, 1973). 
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TABLE 10: Effect of capture and haloperidol therapy on the 
plasma levels of potassium. 

POTASSIUM CONCENTRATION (mEq / I )  

GROUP MEAN RANGE S.D. N 

STRESSED 5 1  
l Hour 4,1 
6 Hours 3 -8 

24 Hours 3,7 
48 Hours* 4 2  

120 Hours* 4.3 

Stressed vs. 1 Hour - 
1 Hour vs. 6 Hours - 
6 Hours vs. 24 Hours - 
24 Hours vs. 48 Hours - 
48 Hours vs. I20 Hours - 

4,2-6,4 $0,75 8 
3 , 3 4 9  & 0,63 8 
2,9-4,3 & 034 8 
2,8--4,4 +0,46 8 
3,l-5,5 0,87 8 
2,s-5,2 1 0.98 8 

S. (P (0,025) 
N,S. (P >O,Q5) 
N.S. (P >0,05) 
N.S. (P >0,05) 
N.S. (P >0,05) 

m No1 under influcnoc oChalowridol 

Control S t r e s s  1 6 24 48 120 

Tlme after stress in h o u r s  

FIGURE 2: Effect of capture on the plasma levels of creatine 
kinase (C.P.K.) S.E. (N = 8) .  

Elevated C.P.K. levels have been recorded under 
similar circumstances by Block et U/.  (1969), Mc- 
Kechnie et al. (1970) and Hofmeyr et al. (1973). 
While increased L.D.H. levels have been observed by 
Novosadovi (1969), Block er al. (19691, Altland and 
Highman (1 96 l), Garbus, Highman and Altlmd (1 964) 

Control S l ress  1 6 24 4 8  120 

T ~ m e  a f t e r  s t ress  ~n hours  

FIGURE 3: E k t  of capture on the plasma levels of lactate 
dehydrogenase (L.D.H.) & S.E. (N = 8). 
* obtained From Experiment 2. 

and McKechnie el al. {3967), the general opinion 
today is that increased cellular permeability results in 
increased plasma levels of intracellular enzymes. The 
reason why the cellular permeability increases can, 
however, be explained in various ways. For example, 
Highman, Mal'ng and Thompson (1959) found, with 
their studies on dogs, that intravenous inFusion of either 
adrenarin or noradrenalin resulttd in an elevation of 
serum G.P.T., serum G.O.T. and serum alkaline phos- 
phatase. Adrendin apparently has a more pronounced 
effect on the elevation of G.P.T. and alkaline phospha- 
tase. Zierler found in his in vitro experiments on 
excised rat diaphragm (1956) and on the permeus 
longus muscle of rats ( 1  957) that the emux of aldolase 
from the muscle is increased by anoxia and a high 
pottassium concentration and reduced by a reduction 
in temperature and by addition of glucose. 

Highman and Altland (1960) have also demonstrated 
the effect of hypoxia on the increase of L.D.H. in 
blood serum in dogs, which were exposed to conditions 
of oxygen deprivation in a barochamber. Harthoorn 
and Young (1976) have also recorded elevated serum 
enzyme IeveIs in wildebeest and zebra.exposed to forced 
exercise in conjunction with increased pulmonary ar- 
terial pressure and a metabolic acidosis. 

Fowler et al. (1962) uses indirect evidence, namely 
that the rise in enzymes is greater in untrained subjects 
than in trained subjects at progressively higher IeveIs 



aerm wacn ~lawobic conditions pre 

,,& m portulrte- h w A  might h the 

epll m increased membrane p e m -  

m, a d v g  qark load, less xellsonditioned 
rubjloa m,&j M&@y .a&r mu&* hypoxia earlier 

than ~ l $ & ~ ~ c o n d i t i o n d  subjects whose 
flw k& muscle is greatez in either the 

&g or wmw, - 
ms fiam e$-&$e that bth ~8techolamines and 

pe' J&& B direct effect on the leakage 
&e &E& the cells. It L aim weJ known 

that hypo* cw&s a catecholamine reaction in the 
body* Kmm (1969) fomd that hypo& 
h @rrerd a&* the sppatbo-adrenal system in 
m ;as evidemzd by the increased catdolamine 

 he in which the meduILary and nervous 
pod- ces&"wdl dOpend on the nature of the otha 

factom Wswb exercise is primarily accom- 
panied by r n ~ ~  no~adrenalin secretion, and 
ern~ihad stm&, by increased adrenalin from the 
&mdrneddlL 
Schmidt and &&ii& (1969) are of the opinion that it 
is likely that clme bzyma remain within the cell wm- 
p n t s  at W site4 of action, as long as s~1Cimt 
energy is sum to maintain the &uehrral order. It is 
well know that disturbanas of the cellular metabolic 
&ciency, d k h  reduce energy output, cause morpho- 
logical d m i i m s  and enzyme r e k  m well. 
In tl& extremely high glucose levels 
and ap aematocrit values suggest that 
the -C au intense alarm reaction with 
a mc(,u&M@ high adrenalia mxetim rate. The high 
1- 1 e N  Iow pH show that muscular activity 

and that a marked hypmia, acidosis 
mttibolism were experienced Thm fac- 

tors to$&@ with m c d d a d  trauma w d d  then 
4 m . ~  d u l a t  permeability and bemen- 

d o d ~  m levels in the plasma. 

T& h: Hhct of capturt and haloperidd therapy the 
14- l@$. d creatine kiaaae (C.P.K.). 

'-K. OONCBNTRATION (mu / ml) 

MEAN RANGE S.D. N 

28 2 4 - 4 7  $ 9 8  
297 71-1% + 377 8 

1- 1427 733-3262 k 822 8 
6583 5815-7611 f 521 8 

24- 5117 2340-7398 + 1848 8 
a m  39M) 1796-7044 k 1972 8 m T&Bm* 6035 3451-1847 k 2615 8 

Var. - N.S. (P >0,05) 
8- 1 ~ w a  - KS. p (0,005) 
" m 6 6  - ollrss.pco&~~) 
6 W 24 f~ours - NB. (P >0,05) 
% * m 4 8  h - Ns. (p>O,o5) 

1mfIpurs- N.S. (F>O,O5) 

%*Id-&& 

TABLB 12: Effect of c a m  md haloperidol therapy on the 
plasma levels of lactate dehydropm (L.D.H.). 

L.D.H. CONCENTRATION (mu / ml) 
GROW MEAN R A ~ ~ G E  S.D. N 

CONTROL 766 637-955 116 
STRESSED 866 684- 1289 f: U3 
l Hour 1222 803- 1909 f 364 
6Hwrs 6473 3007-13172 & 3576 

24 Hours 21635 9068-33408 &l4400 
48 Wow* 38349 11995--80655 k23686 
l20 Hours* 12393 1623-33169 410109 

Control m S t r e d  - N.S. (P >O,OS) 
Control vs, 1 Hwr - H.& (P <OmS) 
S t m d  W. I Hour - S. (P <0,05) 
1 Hour vs 6 Hours - RS. (P <0,005) 
6 Hours VS. 24 Hours - S, (]P <0,025) 
24 Hours VS. 48 Hwrs - N.S. (P >0,05) 
48 Hours w. 120 Hours - S. (P <9,025) 

3.1.6. Plasma colour - haemoglobin and myoglobh 
in the plasm 

The plasma of the majority of springbok showed a 
distinct red-brown discolouration afkr stress which 
persisted until the 120 h sampling period (Plate 4). 

PLATE 4: Plasma samples of two springbok, immediately after 
capture, I h, 6 h, 24 h later, mmpad with a normal wntrol 
g a m p I a C - C o n t r o l ; l - ~ y a R a ~ ~ ; 2 - O n t  
horn lattr, 3 - Six hours later; 4 - Twenty-four hours I*; 
A and B - indicatm two di€feffnt iadividualu. 

H a r t h m  et al. (1974) f a d  during their experiment 
on chased blesbk that only one animal. which had 
run for more than l0 km, displayed this red diswhura- 
tion of the ptmm. He presumed that this coIour was 
due to liberated "myohaemoglobin". Young (1972) also 
described myoglobinuria as a clinical s i p  during over- 
straining disease in tsessebe. 
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FIGURE 4: Normal electrophoretic pattern of plasma proteins in springbok no. 30. one hour after capture. 

--a . a m * .  M*--- 

FIGURE 5 :  Electrophmetic pattern of pure haemoglobin, mixed with the one bour plasma sample or springbok no. 30. 
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FIGURE 6: Electrophoretic pattem of pure rnyoglobin, mixed with the one hour plasma sample of springbok no. 30. 

FIGURE 7: Electmphoretic pattern of plasma proteins of springbok no. 30, twenty-four hours after capture. Nothing 
has been added to this sample and note the similarity bztween Figures 6 and 7. 



Cellulose acetate electrophoresis showed a distinctive 
pattern for both pure myoglobin and pure haemoglobin. 
When pure myoglobin and haemoglobin were m i x 4  
separately with plasma the same distinctive pattern 
could again be observed after electrophoresis of the 
mixtures (Figs 4, 5 and 6). 
Etectrophoresis was carried out on all the plasma 
samples of the springbok. In most of them a new peak 
appeared, which reached its highest Ievel after 24 h 
(Fig. 7). This peak had the same appearance and 
position which was obtained with pure myoglobin. No 
conclusive evidence, however, could be obtained from 
the clectrophoretograms with regard to the presence 
or absence of haemoglobin. We therefore decided to 
carry out poly-acrylamide geI electrophoresis on the 
following samples: pure rnyoglobin, pure haemoglobin 
and the pIasma of stressed springbok, with and without 
the characteristic red colour. The results indicated that 
the plasma of stressed springbok showed an eiectro- 
phoretic band which corresponded with that of pure 
rnyoglobin. It is important to note that both the col- 
oured and normal coloured plasma showed this electro- 
phoretic band. 

Further investigation is, however, required before any 
definite concFusions can be drawn. For example, during 
cellutose acetate electrophoresis, fibrinogen also shows 
an electrophoretic peak in approximately the same 
position as rnyoglobin, Moreover, Garbus et al. (1964) 
state that the predominant muscle type lactic dehydro- 
genase isoenzyme (band 5) ,  which increases with 
exercise, also migrates during cellulose electrophoresis 
with the gamma globulin fraction of plasma. In the 
present investigation, however, there was no correlation 
between individuals, which showed the highest L.D.H. 
level in the plasma, and the occurrence of this pro- 
minent new peak during electrophoresis. 

The results obtained from acrylamide gel electropho- 
resis are, however, fairly convincing and point to the 
presence of myoglobin rather than haemoglobin. If we 
assume that the protein is myoglobin, it is Pso 
important to note that the presence of myoglobin in 
the plasma is not always accompanied by a red dis- 
colouration of the plasma. Whether the discolouration 
can be ascribed to the presence of a critical concen- 
tration of myoglobin in the plasma is not yet certain. 

The correlation between myoglobin in the plasma and 
the elevation of the enzymes also needs further in- 
vestigation. Schmidt and Schmidt (1969) stated that 
when rnyoglobinuria occurs the serum enzyme pattern 
approaches that of muscle tissue. The possibility that 
myoglobin in the plasma could be used as an index 
of the degree of stress and enzyme elevation in the 
plasma therefore appears promising, but at present is 
not nearly as practical as a measurement of plasma 
levels of C.P.K. Nevertheless, in the absence of 
facilities for chemical pathological investigations, the 
visual appraisal of the degree of brown &scolouration 
of the plasma can, in our experience, be used as a 
practicd clinical index of capture stress. 

3.2 Experiment  2 

Table 13 is a summary of all the plasma components 
which were measured in springbok shot from a con- 
cealed position without any previous disturbance or 
stress. 

Although these animals fell in their tracks after being 
shot and respiration ceased almost immediately, the 
heart continued to beat for several minutes. Moreover, 
in most cases they displayed reflex kicking of the hind 
legs for about one to two minutes after being shot. 
Since all of them received clean headshots, the medulla 
oblongata was probably not immediately damaged by 
the shot and this may have allowed a severe sympa- 
thetic spasm to occur. 

TABLE 13: Blood chemistry of springbok, shot without previous 
disturbance or stress. 

DETERMINATION MEAN RANGE N 

HAEMATOCRIT 
BLOOD pH 
GLUCOSE (mg / 100 d) 
LACTATE (mg / 100 ml) 
POTASSIUM (mEq / 1) 
SODIUM (m& / 1) 
C.P.K. [mU l ml) 
L.D.H. (mu / ml) 
G. P.T. (mu / ml) 
ALDOLASE (mu / ml) 

From Table 13 it can be seen that only the plasma 
enzyme values were within normal limits. The elevated 
haematocrit and glucose values could possibly be 
ascribed to catecholamine release. The intensity and 
duration of this reaction was not the same in all cases 
and those animals which exhibited the highest g?ucose 
values also had the highest potassium concentration. 
This agrees with Ganong 11967) who states that plasma 
potassium rises coincidently with the glycogenolytic 
action of adrenalin. 

Adrenalin dso probably caused the elevation of lactate 
in the plasma and this increase was further enhanced 
by the intense kicking of the hind legs and the resultant 
anaerobic metabolism. The reduced blood pH may be a 
reflection of the efFect of both the lactic acid and 
the accumulation of CO2 after cessation of respira- 
tion. 

There was no dramatic increase in the plasma sodium 
level but the increased potassium concentration may 
again indicate an increased membrane permeability, 
as suggested by Metivier ( 1969). 

Although the red aim of this experiment, namely to 
establish normal values, could not be fuIIy realised, 
it was still of interest to note the metabolic changes 
which occurred after the animals were considered to 
be dead. 
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4 SUMMARY A N D  CONCLUSIONS 

This investigation encompassed a detailed study of the 
effects of capture and haloperidol therapy en various 
physioIogi~d and biochemical parameters in springbok. 
The results showed that capture in drop nets caused a 
marked increase in rectal temperature, cardiac rate and 
respiration rate. 'Fhese changes were at first interpreted 
as being normal physiological adjustments to forced 
exercise, but subsequent blood analyses clearly showed 
that plasma leveis of glucose, creatine kinase, lactate 
dehydrogenase and lactate were extremely high with a 
concurrent reduction in blood pH. It was concluded, 
therefore, that the capture operation had caused over- 
exertion of the animals, thus inducing anaerobic rneta- 
bolism and a severe metabolic acidosis. Moreover, from 
concomitant studies of electrolyte flux it was observed 
that both metabolic acidosis and mechanical trauma 
resulted in hyperkalaernia which may, through cardiac 
arrest, be the ultimate cause of death. We are also 
of the opinion that the effects of over-exertion are 
dramatically potentiated by sympathetic stimulation as 
a result of an intense alarm reaction. The latter con- 
clusion is based on the far milder reaction obtained 
in tame domestic animals (Gericke and Belonje, 1975). 

Hofmeyr et al. (I973), Harthoorn and Young (1976) 
and Harthoorn and van der Walt (1974) have inter aIia 
also demonstrated a metabolic acidosis, an increase 
in pulmonary arterial pressure and elevation of serum 
enzyme levels during capture operations on wild un- 
gulates. On the basis of these findings Harthoorn, van 
dtr Walt and Young (1974) have advocated the use of 
NaHCO infusions to overcome the metabolic acid- 
osis. Alt i ough we agree with these findings, and al- 
though one of us (Gericke and Belonje, 1975) has 
been successful in controlling metabolic acidosis and 
hyperkalaemia in sheep with NaHC03 infusions, we 
feel that under conditions of mass capture operations 
in the field this treatment is impractical. Moreover, 
we wish to emphasise that the intense alarm reaction 
and resulting sympathetic response is largely respon- 
sible for potentiating the development of irrevwsibie 
capture myopathy. Our studies have also provided evi- 
dence for the important effect of loss of K+ from 
the muscle cells and the concomitant hyperkalaemia 
which occurs when an intense alarm reaction is evoked. 

We feel. therefore, that in addition to the obvious 
precautions of avoiding over-exertion, hyperthermia 
and mechanical trauma during capture, every effort 
should be made to reduce the intensity of the alarm 
reaction, The most practical way of achieving this is 
through judicious use of tranquilIising agents (Hofmeyr 
et al., 1977). In the present investigation considerable 
success was achieved with the tranquilliser haloperidol 
(Searle). For example, the results show that, although 
haloperidol was not effective in blmking the elevation 
of serum enzymes, Kt and the metabolic acidosis 
which occurred in response to the netting operation, 
the evidence suggests that it was abke to markedly 

reduce lactate and glucose levels, indicating effective 
control of the alarm reaction. Moreover, after tran- 
quillisation the blood picture gradually approached 
values usually considered normal for mammals until 
the 48 h and 120 h samples were taken without seda- 
tion, whereupon an immediate change occurred 
indicating that the alarm reaction had again set in. 
We are, therefore, of the opinion that haloperidol 
shows considerable promise in game capturing opera- 
tions under a variety of practical conditions (vide 
Hofmeyr er al., 1977); however, the absence of a 
true control group in the experimental design of this 
investigation, has not allowed us to make this conclu- 
sion with absolute certainty. 
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