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investigating the effects of
Telazol® and medetomidine on
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cheetahs (Acinonyx jubatus)
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Scott Citino3, Laurie Marker4 and Adrienne E. Crosier5

1College of Veterinary Medicine, Cornell University, Ithaca, NY, United States, 2South-East Zoo
Alliance for Reproduction & Conservation (SEZARC), Yulee, FL, United States, 3White Oak
Conservation, Yulee, FL, United States, 4Cheetah Conservation Fund, Otjiwarongo, Namibia,
5Smithsonian National Zoo and Conservation Biology Institute, Front Royal, VA, United States
Zoo managed cheetahs provide an insurance population for wild cheetahs that

are under threat of extinction from habitat loss, lack of prey, competition, pet

trade and poaching for skin and bones. Assisted reproductive techniques

including artificial insemination, in vitro fertilization, and embryo transfer

augment natural breeding programs but rely on good quality semen for best

results. It is understood that anesthesia can affect semen characteristics such as

ejaculate volume, total sperm count, sperm motility, and incidence of urine

contamination. Thus, the aim of this study was to conduct a retrospective

analysis of 23 years of data to investigate sperm parameters of semen

collected under anesthesia using medetomidine in combination with

butorphanol and midazolam or Telazol® alone. Electroejaculation records

(Medetomidine, Butorphanol, and Midazolam anesthetized n = 59 ejaculates,

from 30 cheetahs, Telazol® anesthetized, n= 169 ejaculates, from 72 cheetahs)

were evaluated for incidence of urine contamination. Electroejaculation records

(Medetomidine, Butorphanol, and Midazolam anesthetized n = 21 ejaculates,

from 17 cheetahs, Telazol® anesthetized, n = 143 ejaculates, from 63 cheetahs)

were evaluated for total sperm count, total motility, ejaculate volume, and

testicle size. Telazol® treated cheetahs had a numerically higher total sperm

count (Median ± SD: 42.58 ± 77.8 × 106 spermatozoa) compared to those treated

with medetomidine (Median ± SD: 31.2 ±44.58 × 106 spermatozoa), and a

significantly (p < 0.05) higher sperm motility (Median ± SD: 70.0 ± 9.71%)

compared to medetomidine (Median ± SD: 53.0 ± 16.41%) treated cheetahs.

The findings of this study indicate that medetomidine anesthesia results in

significantly lower sperm motility and Telazol® anesthesia results in a higher

total sperm count and motility, thus resulting in higher quality ejaculate. This

information can aid in the veterinary management of the species when involved

in genome resource banking and assisted reproductive technologies.
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1 Introduction

The International Union for Conservation of Nature’s Red List

classifies cheetahs (Acinonyx jubatus) as a “vulnerable” species due

to a declining population size resulting from habitat loss or

fragmentation, poaching and/or lack of available prey (IUCN/

SSC, 2007). Additionally, cheetahs have experienced significant

population bottlenecks with subsequent inbreeding which has

resulted in a lack of genetic diversity (O’Brien et al., 1983;

O’Brien et al., 1985; O’Brien et al., 1986; O’Brien et al., 1987;

Menotti-Raymond and O’Brien, 1993). To mitigate further loss of

genetic diversity, cheetahs are housed under managed care to act as

insurance policies for the declining wild populations. Institutions of

the Association of Zoos & Aquariums carefully manage breeding as

part of the Species Survival Plan® to maximize genetic diversity.

Assisted reproductive techniques (ART) such as artificial

insemination (AI) (Donoghue et al., 1992), in vitro fertilization

and embryo transfer (Crosier et al., 2020) are used to augment

breeding programs and aim to ensure that genetically

underrepresented individuals reproduce and contribute offspring

to the managed population. The cryopreservation and storage of

spermatozoa in genome resource banks have provided a repository

of genetic material that can be used to genetically manage future

cheetah populations (Wildt, 1997). However, cheetah semen has

been characterized as having low numbers of morphologically

normal spermatozoa and low sperm concentrations (Wildt et al.,

1983; Crosier et al., 2007; Terrell et al., 2016). The high incidence of

abnormally structured cells makes cheetah spermatozoa highly

susceptible to cryo-induced damage (Crosier et al., 2006). As a

result, the ongoing systematic collection and cryopreservation of

spermatozoa is required to support the genetic management of

cheetahs through ART.

Semen is collected from cheetahs by a technique known as

electroejaculation (EEJ) which requires a surgical plane of anesthesia

(Howard, 1993). It has been well documented that analgesics can alter

sperm function in a range of species (Agirregoitia et al., 2006; Carrillo

et al., 2016; Kottwitz et al., 2017) including the domestic cat (Zambelli

et al., 2007) and have anecdotally been reported to influence the success

of the semen collection. In zoos, cheetahs were historically anesthetized

with a protocol involving drugs such as Telazol®, ketamine, or xylazine

for health examinations (Penfold, personal communication). In recent

years, this protocol has changed and medetomidine is the more

commonly used anesthetic due to better desired physiological effects

such as stable heart rate, respiratory rates, and quick recovery (Miller

et al., 2003; Williamson et al., 2018). Therefore, the aim of the present

study was to retrospectively investigate the effects of anesthesia

protocols using Telazol® and medetomidine on semen characteristics.
2 Materials and methods

2.1 Cheetahs and criteria for data selection

Cheetahs were housed at White Oak Conservation (WOC) in

Yulee, Florida from 1998-2021 or at the Cheetah Conservation Fund
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(CCF) in Namibia from 2002-2005. Captive cheetahs atWOCwere fed

a diet of commercially available beef, horse, venison, and/or pork meat

products (Milliken Meat Products Ltd, or Carnivore Diet 10; Natural

Balance Pet Foods Inc., Pacoima, CA) seven days a week, bones one

day a week, and supplemented with whole rabbits when available. Wild

cheetahs at CCF were fed combination of donkey, horse and game

species with mineral supplementation as described previously (Crosier

et al., 2006; Crosier et al., 2007). Animals had access to ad libitum

water. Cheetahs were housed individually or as coalition groups and

ranged from one to fifteen years in age. Medical records, stored in

Species 360 Zoological Information Management System (ZIMS and

reproductive summary reports generated by the South-East Zoo

Alliance for Reproduction & Conservation and CCF, were reviewed

(228 procedures between the years of 1998 and 2021). Incidence of

urine contamination was recorded and compared between the two

anesthesia protocols (MBMZ anesthetized n = 59 ejaculates, from 30

cheetahs, Telazol® anesthetized, n= 169 ejaculates, from 72 cheetahs).

The effect of age on total sperm count was investigated in each

treatment group (MBMZ anesthetized n = 29 ejaculates, from 22

cheetahs, Telazol® anesthetized, n= 162 ejaculates, from 71 cheetahs).

To investigate the effect of anesthesia protocols on semen

characteristics, ejaculates collected from healthy, sexually mature (≥2

years of age) (Maly et al., 2018) males, that were not contaminated with

urine, were included in the data analysis (MBMZ anesthetized n = 21

ejaculates, from 17 cheetahs, Telazol® anesthetized, n= 143 ejaculates,

from 63 cheetahs).
2.2 Anesthesia

Males were anesthetized using one of two protocols. Protocol 1

utilized a range of 0.030-0.035 mg/kg of Medetomidine, 0.18-0.22 mg/

kg of Butorphanol, and 0.10-0.14 mg/kg of Midazolam (MBMZ) in

captive WOC cheetahs. Protocol 2 utilized a range of 4 mg/kg to 6 mg/

kg of tiletamine hydrochloride plus zolazepam (Telazol®) (Crosier

et al., 2007) in wild CCF cheetahs and two captive WOC cheetahs.

While isoflurane gas was used during some cheetah immobilizations, it

was not applied until after the EEJ procedure ended.
2.3 Semen collection and characterization

Prior to semen collection, testes were measured with calipers

and the total testes volume was calculated (V = L × W2 × 0.524;

where V= total volume, L = total length and W = width)14.

Investigators conducting semen collections (L.M.P. and A.E.C.)

were trained by the same researcher (Dr. Jo-Gayle Howard) and

followed the same protocol for semen collection (Howard, 1993). In

brief, feces were manually removed from the rectum and the

prepuce was rinsed with sterile phosphate-buffered saline. The

penis was extended from the prepuce and placed in a sterile

collection cup (BD Falcon, Franklin Lakes, NJ, USA). To collect

the semen, a Teflon rectal probe (1.6 cm in diameter with three

longitudinal electrodes) and electro-stimulator were used to

administer 10 stimulations at 2, 3 and 4 volts (Series I), 3, 4, 5
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volts (Series II), and 5 and 6 volts (Series III) (Crosier et al., 2006).

Semen was characterized as previously described (Crosier et al.,

2006; Johnson et al., 2010). Data sheets were reviewed for testicular

volume, semen volume, total sperm count, total motility, and

presence of urine contamination. In brief, volume was measured

using adjustable micropipettes (Pipetman Classic, Gilson

Incorporated, Middleton, WI, USA). Sperm concentration was

calculated by diluting semen 1:400 with water and counting the

number of spermatozoa in a 10 µl volume using a hemocytometer

(Daigger Scientific, Inc., Hills, IL, USA). Total sperm count was

calculated by multiplying semen volume by the sperm

concentration. Sperm motility (%) was subjectively assessed using

phase-contrast microscopy (40 ×, Olympus B-Max Microscope,

Olumpus Optical Co. Ltd) examining 5 µl aliquot of raw ejaculate at

37°C with a minimum of three separate fields of view examined.

The pH was measured using pH indicator strips (EM Science,

Gibbstown, NJ, USA). A sample was considered to be contaminated

with urine if the pH was <7.5 (Bertschinger et al., 2008).
2.4 Statistical analysis

Statistical analyses were performed using SigmaPlot (V15.0,

Systat Software Inc. San Jose, CA, USA). Ejaculate characteristics

between anesthesia protocols were analyzed by a one-way ANOVA

and nonparametric Kruskal-Wallis Test. Spearman’s correlation

was used to evaluate the correlation between testicle size and total

sperm count within anesthesia protocols. Incidence of urine

contamination between anesthesia protocols was analyzed using a

Pearson chi-squared test. Data are reported as the Median ± SD.

Data was considered significant if p < 0.05.
3 Results

3.1 Age v. total sperm count

Analysis of n = 29 MBMZ treated ejaculates showed a decline in

total sperm count with age (Figure 1A). Three males >10 years of age
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had a numerically lower total sperm count (mean ± SEM = 1.14 ± 1.21

× 106 spermatozoa) than sexually mature males ≤10 years of age (mean

± SEM= 44.38 ± 9.73 × 106 spermatozoa). Analysis of n = 162 Telazol®
treated ejaculates also showed a decline in total sperm count with age

(Figure 1B). Three males >10 years of age had a numerically lower total

sperm count (mean ± SEM = 32.38 ± 9.69 × 106 spermatozoa) than

sexually mature males ≤10 years of age (mean ± SEM = 67.99 ± 6.55 ×

106 spermatozoa). These findings contributed to restricting sperm

analysis data to sexually mature males ≤10 years of age.
3.2 Effects of anesthesia
on semen collection

The incidence of urine contamination was greater (p < 0.001) for

cheetahs anesthetized using MBMZ (50.85%) than Telazol® (4.14%).

Although treatment groups were not statistically different, a

numerically higher total sperm count was observed in cheetahs

anesthetized with Telazol® (Median ± SD: 42.58 ± 77.8 × 106

spermatozoa) than MBMZ (Median ± SD: 31.2 ± 44.58 × 106

spermatozoa) (Figure 2). Total motility was significantly (p < 0.05)

greater in ejaculates collected using Telazol® (Median ± SD: 70.0 ±

9.71%) than MBMZ (Median ± SD: 53.0 ± 16.41%) (Figure 3). There

was a significant difference (p < 0.05) in testes size between both

treatment groups (Median ± SDMBMZ: 11.53 ± 5.81 cm3, Median ±

SD Telazol®: 9.16 ± 2.9 cm3) (Table 1). Testes size and total sperm

count were not correlated in the MBMZ treatment group (p > 0.05;

R = 0.086) but were weakly correlated in the Telazol® treatment

group (p < 0.05; R = 2.1).
4 Discussion

This is the first study to examine the effect of anesthetic drugs

on cheetah spermatozoa. The most compelling impact of anesthesia

was on sperm motility, with significantly lower motile sperm found

in the MBMZ protocol. Although the testes size was larger in

cheetahs anesthetized with MBMZ versus Telazol®, and therefore

might have been expected to produce more sperm (Olar et al.,
A B

FIGURE 1

Relationship between age (years) and total sperm count (×106) in a normal ejaculate for healthy cheetahs (Acinonyx jubatus) anesthetized with (A) MBMZ (n
= 29 ejaculates, 1-13 years old, three males > 10 years old included) or (B) Telazol® (n = 162 ejaculates, 1-14 years old, three males > 10 years old included).
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1983), the Telazol® treated cheetahs resulted in a greater total

sperm count and significantly greater motility. Correlation

coefficients reveal that in the MBMZ protocol, testes size was not

correlated with total sperm count (p > 0.05; R= 0.086), however, in

the Telazol® protocol, testes size and total sperm count were weakly

correlated (p < 0.05; R = 2.1). Total sperm count and motility are

vital characteristics in determining the quality of sperm samples to

be cryopreserved for use in artificial breeding. The incidence of

urine contamination was characterized during semen collection and

was more commonly observed in the MBMZ protocol.

Medetomidine is an alpha-2-adrenergic agonist commonly used

in non-domestic felid anesthesia (Brown et al., 1991). Alpha-2
Frontiers in Conservation Science 04
receptors are found along the male reproductive tract and are

required for successful emission and ejaculation (McDonnell,

1992). Studies investigating the effects of medetomidine,

dexmedetomidine, or xylazine on the hypothalamic-pituitary axis

demonstrated these drugs’ ability to suppress anti-diuretic hormone

secretion. Physiologically this limits water re-uptake by the kidneys,

leading to increased volume for urination, seen most pronounced

with xylazine (Rouch and Kudo, 1996; Cabral et al., 1998; Nuñez

et al., 2004; Villela et al., 2005; Murahata and Hikasa, 2012; Uddin

et al., 2021). Additionally, medetomidine targets alpha-2 receptors

of smooth muscle in the bladder and urethra, possibly leading to

conflicting contractions and urine contamination during semen
FIGURE 2

Box and Whiskers plot showing variation of total sperm count in cheetah (Acinonyx jubatus) ejaculates collected by EEJ using MBMZ or Telazol®
anesthesia protocols (MBMZ anesthetized n = 21 ejaculates, from 17 cheetahs, Telazol® anesthetized n = 143 ejaculates, from 63 cheetahs). Boxes
enclose the 25th and 75th percentiles, the horizontal bars within the boxes are the median values, and the whiskers extend to the minimum and
maximum values observed.
FIGURE 3

Box and Whiskers plot showing variation of motility in cheetah (Acinonyx jubatus) ejaculates collected by EEJ using MBMZ or Telazo® anesthesia
protocols (MBMZ anesthetized n = 21 ejaculates, from 17 cheetahs, Telazol® anesthetized n = 143 ejaculates, from 63 cheetahs). Boxes enclose the
25th and 75th percentiles, the horizontal bars within the boxes are the median values, and the whiskers extend to the minimum and maximum
values observed. The asterisk indicates a significant difference in motility (p < 0.05).
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collection (Michel and Vrydag, 2006). Smooth muscle contractions

along the male reproductive tract are required to mediate

ejaculation, but the reproductive physiology remains complex

(McDonnell, 1992). Past studies in domestic species have

demonstrated that alpha-2 agonists at higher doses result in

increased sperm concentration and motility (Da Silva et al.,

2021), but do not stimulate the accessory glands adequately,

resulting in a lower volume of semen (McCue, 2021). Incidence

of retrograde flow of semen involving alpha-2’s has also been

observed (Dooley et al., 1990; Zambelli et al., 2007) though

positive effects on sperm concentration were noted with alpha-2’s

administered at higher doses. Urine contamination, retrograde flow,

and low sperm volume can result in poor sperm quality which is

problematic for assisted reproductive techniques and genome

resource banking.

The other two components of Protocol 1 were butorphanol (an

opioid) and midazolam (a benzodiazepine). When used alone for

sedation, butorphanol has been associated with high sperm

concentration at collection, yet when combined with an alpha-2

agonist and NMDA antagonist, it has shown a decrease in sperm

concentration (Ungerfeld et al., 2022). Midazolam is not commonly

used as the sole choice for sedation. In a laboratory setting where

rats were administered midazolam twice daily for a week, direct

epididymal collections resulted in inferior sperm motility compared

to collections from rats administered propofol (Celaleddin and

Volkan, 2020). A protocol limiting the use of alpha-2 agonists at

low doses might be better for semen collection and genome resource

banking and remains a future area of research; additional

information on the roles opioids and benzodiazepines play in

semen collection is also warranted.

In contrast to medetomidine, Telazol® antagonizes N-methyl-D-

aspartate (NMDA) receptors to produce anesthetic effects (Lester,

2012). Multiple studies of domestic and wild felids anecdotally

support the notion that sperm motility has a high mean value

when Telazol® was used (Brown et al., 1991; Howard et al., 1992;

Long et al., 1996). In one study involving six domestic cats,

researchers collected semen via EEJ methods using Telazol®
anesthesia resulting in an average sperm motility of 82.1% (Long

et al., 1996). Similarly, semen also was acquired from six male

cheetahs using EEJ methods and Telazol®, with an average motility

of 75% (Howard et al., 1992). Lastly, in six adult and four young adult

Serengeti-Plains lions under the same conditions (using EEJ and

Telazol®), the average motility was 89% and 72%, respectively
Frontiers in Conservation Science 05
(Brown et al., 1991). In the present study, spermatozoa were 70.0 ±

9.71% motile in ejaculates from cheetahs treated with Telazol®.
A numerical decline in sperm concentration with age was

observed. Males over 10 years old produced a lower total sperm

count. These findings are in agreement with other studies where a

decrease in litter numbers for males greater than or equal to 13 years

of age (Bertschinger et al., 2008) was seen suggesting lower total

sperm count as a possible explanation for a decline in sperm quality.

Qualification of cheetahs and population sites were limitations

to this study. As previously stated, the original 228 semen samples

did not all qualify for final statistical analysis based on male

prepubescence, senescence (Durrant et al., 2001; Maly et al.,

2018), urine contamination, or disease. Additionally, data from

some cheetahs were not considered due to administration of

additional drugs or isoflurane gas during semen collection. Some

medical records lacked enough information to include as well.

Finally, there was a limitation of unbalanced design in treatment

groups between populations, as two captive cheetahs from White

Oak Conservation were treated with Telazol® and grouped

accordingly. In an attempt to present the most vital information,

sample sizes were limited. Moving forward, detailed medical

records are essential to retrospective analyses that inform

reproductive physiologists and veterinarians on protocols

conducive to adequate ejaculate quality. Additionally, the two

cheetah populations are functionally different. Though

unavoidable in retrospect, differences include rangeland (wild vs.

captive), diet (carcass vs. frozen and prepared), and management. A

difference in testes size was appreciated statistically between the two

populations in this study attributed to these differences. In an earlier

study, a difference in semen quality was not observed in captive

versus wild populations of cheetahs (Wildt et al., 1987); a difference

cannot be determined as our design is unbalanced (animals treated

with Telazol® were both captive and wild). To confirm a difference,

controlled studies using MBMZ in wild and captive populations are

necessary to compare.

The present study emphasizes that anesthetic protocol should be

considered when semen collection of genome resource banking is the

primary reason for sedation of endangered felid species. The results

inform veterinarians and reproductive physiologists of the effects

alpha-2 agonists have on semen collection procedures in cheetahs.

With the availability of reversible medications paired with alpha-2

agonists and smoother recoveries, it is unlikely that Telazol® will be

used in the future, but manipulating dosages for medetomidine could
TABLE 1 Ejaculation characteristics of cheetahs anesthetized with MBMZ and Telazol®.

Drug MBMZ
n = 21

Telazol®
n = 143

Median ± SD Mean ± SEM Median ± SD Mean ± SEM

Testes Volume (cm3) 11.53 ± 5.81a 14.21 ± 1.27 9.16 ± 2.9b 9.62 ± 0.25

Semen Volume (ml) 1.08 ± 0.93a 1.21 ± 0.21 2.71 ± 1.24b 2.69 ± 0.1

Total Sperm Count (×106 sperm) 31.2 ± 44.58b 44.38 ± 9.73 42.58 ± 77.8b 67.99 ± 6.51

Motility (%) 53.0 ± 16.41a 53.35 ± 3.58 70.0 ± 9.71b 72.17 ± 0.81
Superscripts (a,b) indicate a significant difference (p <0.05). Superscripts (b,b) indicate no significant difference.
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be considered. The retrospective analysis of collections in cheetahs adds

to the unique history zoological institutions share in managed breeding

and warrants continued research to better existing protocols.
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