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USE OF HYALURONIDASE AND INCREASED ETORPHINE 
(M99) DOSES TO IMPROVE INDUCTION TIMES ANDL 
REDUCE CAPTURE-RELATED STRESS IN THE CHEMICAL 
IMMOBILIZATION OF THE FREE-RANGING BLACK ~ W Y  

RHINOCEROS (DICEROS BICORNIS) IN ZIMBABWE 

Michael D. Kock, B.Vet.Med.. M.P.V.M. 

Abstract: Twenty free-ranging black rhinoceroses (Diceros bicornis) were immobilized in 1991 
and 14 in 1990 using mixtures of etorphine (mean dose = 3.9 + 0.18 mg; median = 4 mg). xylazine 
(100 mg). and hyaluronidase (4,500 IU). Induction times (K + SEM) were 7.0 k 1.2 rnin (median 
= 5 min) and 3.8 + 0.48 min (median = 3 rnin), respectively. Mean durations of immobilizations 
were 180 + 20 rnin and 247 + 35.6 min. respectively. When compared with immobilizations carried 
out in 1988 using less etorphine (3.0 mg) mixed with 100 mg of xylazine alone, the increase in M99 
dose and the addition of hyaluronidase significantly lowered induction times and reduced stress (P 
< 0.05) as characterized by physiological (temperature and respiratory rate) and biochemical (glu- 
cose, creatine phosphokinase, aspartate ~ransaminase, and laclic dehydrogenase) measures. Twenty- 
four percent of the rhinoceroses were classified as stressed in the M99/xylazine and hyaluronidase 
group compared with 57% in the M99/xylazine group. In addition, improvements in reversal times 
in 1991 were significant ( P  < 0.01) using naloxone (50 mg) combined with 6 mg diprenorphine 
(M50-50) (mean reversal time = 78 k 7 sec) compared with the 1988 and 1990 use of M50-50 l 

alone (mean reversal time = 16 1 2 13 sec). The results indicate the advantage of increasing M99 
doses and using hyaluronidase in reducing induction limes and capture-relaled stress. as well as 
improving reversal times with the addition of naloxone. 

Key words: Diceros bicornis, black rhinoceros. immobilization. etorphine, xylazine, hyaluroni- 
dase, nalorphine, naloxone, diprenorphinc, stress. 

INTRODUCTION ~ i e s . ~ . ~ - ~  Its addition to immobilizing drugs 
Capture and translocarion of the black for the black rhinoceros. along with an in- 

rhinoceros (Diceros bicornis) has been un- crease in the M99 dose, was done in an 
dertaken in Zimbabwe since 1986 in re- aftfmpt to reduce induction times and im- 

sponse to the poaching threat from Zam- prove biological measures indicative of 
bia.*v6 Indirect capture mortalities have been Stress- 
unacceptably h i g l ~ . ~ . ~  Although the black 
rhinoceros appears to be quite resistant to MATERIALS AND IklETHODS 

peracute and acute capture stress, the latent 
effects of stress associated with capture, 
boma (holding pen) confinement. and trans- 
location may ultimately predispose the black 
rhinoceros to m~r ta l i ty .~  The addition of 
hyaluronidase to immobilizing drugs has 
improved absorption times in other spe- 

From the Department of National Parks and Wild- 
life Management, P.O. Box 8365, Causeway, liarare, 
Zimbabwe; and International Wildlife Veterinary Ser- 
vices, 1850 North Main Street. Salinas. California 

Fourtecn black rhinoceroses in 1 990 and 
20 in 199 1 were captured and relocated from 
the Chete Safari Area (17"15'S, 27"45'E), 
near Lake Kariba, to other areas in Zim- 
babwe and for ex situ captive breeding pro- 
grams. Capture of the 34 rhinoceroses was 
carried out on the ground as previously re- 
p ~ r t e d . ~  All rhinoceroses were darted with 
a mixture of etorphine (mean dose = 3.9 2 
0.18 mg) (M99, 4.9 or 9.8 mg/ml: C-Vet, 
Ltd., Minster House, Bury St. Edmunds, 
Suffolk, U.K.) and 100 mg xylazine (Rom- 

93906, USA. pun, 100 n~g/ml; Bayer, Leverkusen, Ger- 
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many) with the addition of 4,500 IU hyal- Walking the rhinoceroses was accomplished 
uronidase (Hyalase, 1,500 IU dry powder by placing a rope around the rear horn and 
per ampoule; Fisons Pharmaceuticals, Pty., lower jaw and ropes around the distal hind 
Ltd., 1624 Chloorkop, South Africa). In legs, which acted as a "brake" when going 
1990, the opioid was reversed after the an- down inclines or moving at excessive speeds. 
imals were transported on a sled to the hold- After placing the ropes, each rhinoceros was 
ing bomas with 12 mg diprenorphine (6 mg given between 30 and 50 mg nalorphine i-v.. 
i.v. and 6 mg i.m.) (M50-50, l2 mg/n~l; C- and when ear movement indicated partial 
Vet, Ltd.). In 199 1 ,  reversal was achieved re\-ersal (- 2-5 rnin later), an electric cattle 
using 50 mg naloxone i.v. (Naloxone, 50 prod was directed around the perinea1 area. 
mg/'ml; Wildlife Laboratories. Inc.. Fort which caused the animals to start moving. 
Collins, Colorado 805 24. USA) and 6 mg Direction was maintained with the head rope 
diprenorphine i.m. and two individuals walking alongside the 

Darting procedures were identical for the animal at the shoulders. 
1990 and 199 1 capture operations. Projec- Procedures for locating, collecting bio- 
tile syringes were loaded on the morning of logical data from, and loading and trans- 
capture or just before a suitable animal was porting the immobilized rhinoceroses have 
spotted. Etorphine was added first, followed becn described previously.6-' and blood 
by sylazine mixed with hyaluronidase. The sample collection, processing, and storage 
syringe volume was topped off with sterile were identical to that in previous  report^.'.^ 
water. Any darts unused on the day of prep- The majority of the first blood samples 
aration were refrigerated overnight and dis- (sampling period 1 )7 wcre collected soon af- 
carded after 48 hr. Either Lowndes capture ter immobilization (mean time from im- 
darts ( 3 4 - m l  \,.olume with 47-63- X 5-mm mobili~ation = 18 + 2 rnin), prior to any 
collared needles) fired from a Lowndes medication or tranquilizer being adminis- 
compressed air rifle (Don Lowndes, D.L. tered. The second blood sample (sampling 
Tranquilizer Systems. Ashes Farm. Fenny period 2) was collected prior to anesthetic 
Bentley, Derbyshire, U.K.) or Palmer Cap- reversal (mean time post immobilization = 

chur darts with Simmons tailpieces (3 ml 200 2 30 min), with most collected after 
with 46- X 3-mm collared needles) (Palmer the administration of long-acting neurolep- 
Chemical and Equipment Co., Inc.. Doug- tics. Serum cortisol, glucose. creatine phos- 
lasville. Georgia 30 134. USA) fired from a phokinasc (CPK), aspartate transaminasc 
model 17 1 C Pneudart powder charge rifle (.4ST). and lactic dehydrogenase (LDH), 
(Pneudart, Inc.. Williamsport, Pennsylva- levels were measured in the laboratory and 
nia 17703, USA) were used. Most rhinoc- validated as previously r e p ~ r t e d . ~ , ~  
eroses were darted in the caudal thigh. Each rhinoceros was classified into an 
shoulder, or neck ( 1 1  = 29). although some outcome category at capture. the classifi- 
were darted in thc abdomen or chest (t7 = cation system was identical to that used pre- 
5) .  Several rhinoceroses were given 200 mg viously." An animal experiencing rapid in- 
of doxapram HCI (Dopram-V. A. H. Rob- duction (within 6-1 3 min after darting) 
ins. Richmond. Virginia 23220. USA) i.v. without complications was placed in the 
(12 = 14) or 5- 10 mg nalorphine (Nalorphine normal outcome category. If a rhinoceros 
hydrobromide, Centaur Labs. Pty., Ltd.. Jo- cxperienced a prolonged chase before dart- 
hannesburg, South Africa) i.v. (n  = 9) im- ing: some agitation and excitement during 
mediately after immobilization to counter- darting; or an extended induction period 
act respiratory depression. The nalorphine (> 13 rnin after darting) with significant 
was also used for partial anesthetic reversal struggling. sweating. or signs of exhaustion 
of animals so that they could be walked out including open mouthed breathing or if im- 
of gullies, rocky areas, or riverbeds (H = 7). mobilization generally was poor. the animal 
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was categorized as stressed. All rhinoceroses 
were given various combinations of long- 
acting tranquilizers (neuroleptics), includ- 
ing zuclophenthixol acetate (Clopixol- 
Acuphase, 50 mg/ml: H. Lundbeck A/S, 
DK-2500 Copenhagen. Denmark) and per- 
phenazine enanthate (Trilafon, 100 mg/ml: 
Sherag. Pty., Ltd.. Isando, Transvaal, South 
Africa) to reduce aggression, produce calm- 
ing. and prevent self-inflicted trauma during 
boma confinement and prior to transloca- 
tion. 

Induction times and biological measures 
were compared with 27 animals captured 
in 1988.697 when only M99/xylazine were 
used. Data were analyzed using a statistical 
graphics program (StatGraphics, Statistical 
Graphics Corp., Rockville. Maryland 20850, 
USA). Specific statistical tests were applied 
following exploratory data analysis, includ- 
ing one-way analysis of variance (ANOVA) 
(e.g., drug combination vs. induction limes, 
and distance moved; effects of the different 
drug combinations on temperature, respi- 
ration, pulse. serum cortisol, glucose, CPK, 
AST, LDH levels, and reversal times) and 
the chi-square test for independence (e.g., 
outcome classification vs. drug com bina- 
tion used: muscle relaxation vs. drug com- 
bination used: tractability vs. drug combi- 
nation used). Because the raw data for 
induction times, distance moved, and CPK 
and LDH values were distributed log nor- 
mally, logarithmic transformation was per- 
formed prior to statistical ana ly~es .~  All data 
are presented as .T + SEM. 

Total induction time refers to the time 
from dart impact to the time when the an- 
imal became immobile, including both re- 
cumbency and standing sedation. Muscle 
relaxation refers to the degree of muscle 
tremor and/or rigidity observed. Tractabil- 
ity refers to the degree of narcotic sedation 
and, therefore, the ability of the capturc team 
to safely handle the rhinoceros without fur- 
ther sedation. The total time of reversal re- 
fers to the time from administration of the 
antagonist to the time when the animal stood 
UP. 

RESULTS AND DISCUSSION 

Of the 34 rhinoceroses caGured in 1 990 
and 199 1, 27 were adults, two were sub- 
adults (> 3 yr and < 5 yr old), and five were 
calves ( < 3 yr old); of those captured in 1 988 
( n  = 27). 23 were adults, three were sub- 
adults, and one was a calf. 

Table 1 summarizes the results of im- 
mobilization~ with M99/xylazine and hy- 
aluronidase for 1990 and 199 1 ,  with com- 
parisons with the M99/xylazine procedure 
used in 1988. The induction time (.Y + SEM) 
for the total number of animals immobi- 
lized in 1990 was 7.0 c 1.2 rnin (median 
= 5 min). Prolonged induction occurred in 
two animals because of poor dart placement 
and dart failure. In 199 1 ,  a further reduction 
in mean immobilization times was achieved 
(3.8 + 0.48 min; median = 3.0 min). The 
M99~xylazine/hyaluronidase con1 bination 
resulted in significantly reduced induction 
times ( P  0.0005) compared with those of 
M99/xylazine alone (Table l .  Fig. 1 ) .  Use 
of M99/xylazine alone resulted in a mean 
induction time of 24 + 4.2 min (median = 

16.0 min). The removal of outlicrs ( 1 1  = 7)  
(e.g., extended induct ion times occclrred 
when lengthy tracking was needed for lo- 
cation, etc.) reduced mean induction time 
to 17 + 2.5 min. Significant differences brere 
also noted in how far the animals moved 
after darting between 1988, 1990, and 199 1 
(Table l .  Fig. 2). In 1990 and I99 1. several 
rhinoceroses became inlmobile 120-500 m 
from the ambush site, reflecting very rapid 
development of incoordination. ataxia, and 
final recumbency. 

In 1 990. rhinoceroscs remaincd rccum- 
bent for 180 + 20 min, with an  avcrage 
transport time of 1 1 7 f 13.4 min. In 199 1 ,  
animals were recumbent for 237 + 36 min 
(median = 190 min). with an alVeragc trans- 
port time of 107 f l l min. Thc longer re- 
cumbcncy time in 1991 is skcwcd by the 
capture of four animals in difficult terrain, 
which resulted in prolonged ancsthesia ( --  8 
hr). The reduced transport time reflects an 
improvement in the bush roads uscd to 
transport animals to the holding bornas. Re- 
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Table 1. Comparison of measures monitored in black rhinoceroses immediately after chemical immobili- 
zation with cither h,l99/xylazinc and hyaluronidase ( l  990 and 199 1) or M99/xylazine alone (1988) in Zimbabwe. 

5199~xylaz1nc:'hyaluronidasc 

1990 1991 M99ixylazine 

blcasurc 11 .t t SEM n .V + SEM i SEM 

Induction tinic (niin) 

Distancc n~ovcd 
during induction (km) 

Total durarion ol' 
ancsthcsia (niin) 

Total transport 
tirnc (rnin) 

Tcni pcrat ure ("C) 
Kcspirntion (breat hs'min) 
Pulse (bcatsimin) 
Cortisol (pg/dl) 
Glucosc (mu'dl) 
CPK (IU;L) 
AST (IU.:L) 
LDH (IU.'L) 

hleans signilicantly diffcrcnt (P  -: 0.05): see rrxr. 
" Outllcrs rcmoved. 

versa1 of the opioid with naloxone i.v. and 
M50-50 i.m. produced smoother, more rap- 
id returns to consciousness (mean reversal 
time = 78 + 7 sec), without the initial stag- 
gering and incoordination seen with M50- 
50 i.v. alone (mean reversal time = 172 + 

1898 In*144 27 sec). 
Significant differences were seen in some 

physiological measures between the 1988 
1991 maze, and 1 990-1 99 1 animals (Tables 1. 2): dif- 

l 
ferences in body temperature (P 0.0001) 
and respiration (P < 0.009) were most no- 

- - 
, . - table. The M99/xylazine/hyaluronidase 

-.-L combination resulted in lower body tem- 
- p , -P peratures (Fig. 3), even lower than baseline 

m* . m c / X ,  .. R3,.lll values recently reported.' Because the 1990 

DRUG COMBINATIONS USED captures occurred during the hot winter 
months, when average temperatures ap- 

Figure 1. Notched box and whisker plots displaying 
the relative data distribution of induction times (min) proached 36"C, compared with the 1988 
for black rhinoceroses immobilized with cither M99/ captures in the cool winter months, 
xylazine:liyaluronidase or hl99/xylazine alone. The average temperatures approached 26"C, this 
median is portra).ed by the horizontal line segment difference in body temperature is impres- 
within the box. The notches provide an approximate sive. ~h~ significantly lower respiratory rates 
95?0 test of'the null hypothesis that the true medians 
are equal. The whkkers represent the tails of the dir- in given M99/xy1azine'hya1uroni- 
tribution and the outside values (*) are considered out- dase probably reflected the increased opioid 
Iiers. dose. 
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Figure 2. Notched box and whisker plots demon- 
strating the reduction in distances run b\ dancd black 
rhinoceroses immobili7ed with M99:x! lazine h\alu- 
ronidasc ( 1990 and 199 1 )  and M99'xy137ine alone 
(1988). 

Eight rhinoceroses immobilized with 
M99/xylazine/hyaluronidase were classi- 
fied as stressed (24%) compared with 1 5 
(57%) in the M99/xylazine group. A statis- 
tical association was confirmed for outcome 
classification and the different drug com- 
binations (P < 0.05); those animals im- 
mobilized with M99/xylazine/hyaluroni- 
dase were less likely to be classified as 
stressed. 

Cortisol and glucose arc sensitive indi- 
cators of stress in the black rhinoceros.' 

pp p- 

-9s . m> . - 
DRUG COMBINATION USED 

Figurv 3. Compar~son of r e l a t ~ ~  c data distribu~ions 
of bod! tcmperatures ("C) measured fbllou ~ n g  Irn- 
mobi l~/a t~on of black rh~noccroscs either h199 
u>lar~nc h\aluron~dasc (combined 1990 199 1 data) or 
h199 u),la/~nc alone ( 1988). 

Cortisol values for the M99/s\;lazine/hyal- 
uronidase groups did not differ significantly 
(P > 0.05) from values for the M99/xjela- 
zinc group. Initial comparisons of cortisol 
values between the 1988 and 1 990 imn~o-  
bilizations were skewed by two subadults in 
the M99/xylazine/hyaluronidase group that 
had much higher cortisol values (2.7 pg, dl 
and 2.3 pgjdl) than average ( l .6 + 0.2 gg 
dl). Calves and subadults are usually darted 
successfully after their mothers because they 
tend to guard the recumbent adult and can 

Table 2. Serum cortisol, glucose. CPK. AST. and LDH values collected alier sled transport and prior to 
reversal of M99 in black rhinoccroscs chemically immobili~cd with either h499/xylazinc and hyaluronidasc 
(1990 and 199 1) or M99!xylazinc alone (198%) in Zimbabwe. 

M99/xylazine~hyaluronidaseJ h.f99..'~ylazinr 

Measure N .P k SEM I I  .V -t SEM P- \a1 uet 

Cortisol (pg/dl) 3 3 4.0 i 0.2 2 3 3.5 -c 0.2 -0.05 
G~UCOSC (mg?dl) 3 1 146 2 6.5 2 5 182 : 7.3 i0.0007 
CPK (IU/L) 18 336 + 42 2 5 437 + 39 ~ 0 . 0 6  
AST (IU/L) 3 1 80 + 4.7 7 5 106 + 5.6 <0.002 
LDH (IU/L) 34 753  -t 33 15 928 + 42 c 0.004 

a Comhined data from 1990 and 199 1 captures. 
h Significance determined using ANOVA. 
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sampling periods 1 and 2 for the three cap- 
ture years revealed significant increases, in- 
dicating that although rapid induction times 
may reduce the overall stress effect. with 
reduced body temperatures and muscle ex- 
ertion, the combination of immobilization. 
prolonged rccumbency, and sled transport 
is not without stressful effects. Evaluation 
of cortisol levels prior to reversal at the 
holding bomas (sampling period 2) for those 
rhinoceroses that were walked out of diffi- 
cult terrain using nalorphine revealed high- 
cr cortisol levels when compared with those 

193a l>9i r-13 of animals that were loaded on the sled at 
the site of recumbency (4.4 + 0.4 pg/dl. n 

4 = 7. vs. 3.5 k 0.33 pg/dl. n = l l: P < 0.1). 
- T h ~ s  increase indicates that walking black 

rhilloceroses from the immobilization site 
to the transport sled under partial M99 se- 

"85 . ' - S S  . r dation elicits an apparently greater stress 
response than direct sled loading. However, 

DRUG COMBINATION USED walking some of the animals between 0.5 
Figure 4. Comparison of relatl\e data d~stnbutions and 1 km was necessary kcause of the rough 

CII PK \ ; IIUCS ( ILl L )  measured liom blood samples terrain. and the only alternative would have 
collcctcd soon attcr ~mmobll~ration of black rh~noc- been re]ease at the immobilization site. 
C I  occs w~th  c~ther  h199 X \  l a~ lnc  h\aluron~dase (coin- 
h~ncd 19110 199 1 dala) or M99 u>la71ne alone ( 1988) 

Glucose values were significantly lower in 
the M99/xylazine/hyaluronidase group, in- 
dicating reduced stress (Table 1). Signifi- 

often be quietly ambushed. After being cantly lower CPK. AST, and LDH values 
darted the! tend to be aggressi\.e and run, at capture compared with the M99/xylazine 
which may explain the higher cortisol levels group indicate less muscle damage7 (Figs. 4. 
in these two animals. Removal of these an- 5 ) .  In particular. LDH was markedly re- 
imals from the nonstressed group mith sub- duced in 199 1 (Fig. 5) .  suggesting that LDH 
sequcnt comparison between the 1 988 and is a sensitive indicator of muscle damage in 
1990 drug combinations revealed a signif- the black rhinoceros. Values for CPK. LDH. 
icant difference in serum cortisol le\-els ( 1.67 and glucose in 1990 and 199 1 (Table 1 )  are 
t 0.1 pg/dl and 1 . 1  5 2 0.9 pg dl: P 0.02). below baseline values previously reported? 
Cort~sol values (2.48 2 0.17 pg, dl) for the In the 199 1 group of animals, one black 
1 99 1 imnlobilizations were higher than rhinoceros cow skeured the data, with a CPK 
those for the 1990 group (1.67 + 0.24 pg/ value at capture of 2.302 IUL .  The pres- 
dl) and similar to those of the 1988 group 
(2.12 _t 0.14 pg/dl) (Table l) ,  even though 
induction times for the 1991 group were 
significantly lower than those in either 1990 
or 1988. As in 1990, the 1991 calves had 
higher cortisol levels than adults (3.13 pg/ 
dl vs. 2.37 pg/dl). 

Comparisons of serum COI-tisol between 

ence of severe moist inguinal dermatitis and 
possible myositis in this animal may ex- 
plain the higher value. This animal had a 
CPK level of 2.326 IU/L at sampling period 
2, a minimal increase of 24 IU/L after an 
immobilization period of 190 min. 

Animals in the M99/xylazine/hyaluron- 
idase groups were under M99 sedation con- 
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siderably longer than the M99/xylazine 
group, and total transport times were longer 
(Table 1). Despite the longer anesthetic and 
transport times and the more rugged terrain, 
serum glucose, CPK. AST, and LDH levels 
were significantly lower when measured pri- 
or to opioid reversal (sampling period 2)' 
(Table 2 ) ,  indicating reduced stress and tis- 
sue damage as a result of rapid immobili- 
zation. Rapid immobilization appears to be 
more important in reducing stress than does 
reduction in the duration of anesthesia and 
transport times.6 

Creatine phosphokinase values for sam- 
pling period 2 were skewed by high values 
for the four rhinoceroses who were immo- 
bilized for > 8  hr. The CPK values for two 
adult cows in this group were 945 and 1,088 
IU/L. The significantly lower CPK values 
(Table 2) for the M99/xylazine/hyaluroni- 
dase groups exclude these higher values. 

The addition of long-acting neuroleptics 
to the management of recently captured 
black rhinoceroses has significantly reduced 
the adaptation period and the risk of self- 
inflicted t r a ~ m a . ~ . ~  These long-acting neu- 
roleptics probably did not affect the blood 
results from sampling period 2, because the 
drugs were either administered at the cap- 
ture site while the animals were still anes- 
~hetized or at reversal after the blood sam- 
ple was taken. 

Rapid induction of anesthesia is achieved 
with hyaluronidase and M99, provided 
placement of the projectile dart is correct. 
Animals inadvertently darted in the chest 
or subcutaneously took longer to show signs 
of anesthesia and to become recumbent. 
Black rhinoceroses appear to tolerate ex- 
tended anesthesia well; in 199 1, two cow/ 
calf combinations remained immobilized, 
because of logistics, for > 8 hr. All four an- 
imals required walking between 0.5 and 1.5 
km to the recovery vehicle, and despite es- 
tended anesthesia and transport. all under- 
went smooth. uncomplica~ed reversal. One 
adult cow was simultaneously darted twice 
(total dose M99 = 7 mg) in the 199 1 capture 

DRUG COMBINATION USED 

Figure 5 .  Conlpanson of re la t i~  e dala d~stnbut~ons 
of LDH values (IU L )  measured from blood samples 
collecred soon after imrnob~lirat~on O S  black rhinoc- 
eroses fi t i t11  e~ther h199 X> la-rine hyalurnn~dase ( 1 990 
and 199 l data) or h199 X> la/ine alone ( ! 985 1 

and became recumbent in 2 min. Despite 
the high M99 dose. she was very stable at 
capture (respiratory rate = 4 breaths/min; 
pulse rate = 68 beatslnlin) and responded 
well to dosapram and nalorphine. 

The reduced induction times in 1990 
compared with 1988 reflect modif cation or 
drug colnbinations and doses, and further 
reductions between 1990 and 199 1 (Fig. l ) ,  
using the same drug combinations and dos- 
CS, indicate the value ofcxpcrienced capture 
teams. This experience resullcd in more 
careful approaches to ground darting and 
better placement of darts. 

The capture and translocation of black 
rhinoceroses in Zimbabwe has not been 
without Although iden~ifica- 
tion of specific stressors contributing to 
mor ta l i~y~  remains obscurc. management in 
1990 and 199 1 has concentrated on stress 
reduction at  all stages for this endangered 
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