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Introduction 1980s, rearing deer species such as Damma damma, Axis
axis, Cervus nippon, Cervus elaphus and Rusa timorensis

The deer industry is rapidly growing in the Asia region. (1). Despite years of developing the deer industry, assisted

In Malaysia, the deer industry has been developing from the reproductive  technology (ART) such as artificial
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insemination in deer is still at its infancy. One of the major
factors for the slow development of ART was due to the
safety associated risk to the animals (2). The first step of
developing ART is in the establishment of a safe and reliable
method of semen collection in deer. There have been various
studies published on general anaesthesia in other species of
deer such as the white-tailed deer, sika deer and Chinese
water deer (3-5). The scarcity of the ART in R. timorensis
was reflected by the limited studies in semen quality
assessment (6). Limited work was done on the topic of semen
extension in cryoprotectant of R. timorensis (7,8). Therefore,
there is a need in the development of the protocol in this area
that will encourage more research in deer reproduction and
will open more doors for ART application in deer livestock.
General anaesthesia in deer especially in R. timorensis are
rarely studied yet is important for various veterinary
procedures which include the semen collection. Semen
collection is a procedure that is relatively safe and quick to
perform however is often perceived as perilous and
unnecessary to the animal (9).

Semen collection using electroejaculation under general
anaesthesia appears to be the only viable option in the
untrained stag. Recently, semen collection using
electroejaculation in the anaesthetized animal has been
performed in deer and other wildlife to study the semen
motility (10-13). Therefore, electroejaculation using general
anaesthesia method is the most appropriate and efficient
method currently favouring the welfare of the animal (14).

This study was performed to investigate a reliable and
safe protocol for semen collection by electroejaculator in
Rusa timorensis under general anaesthesia of ketamine-
xylazine which was administered intravenous and
intramuscular routes.

Materials and Methods

Animals and management

Five healthy and matured R. timorensis stags, aged
more than 3 years, weighing an average of 68.5+2.4 kg
was selected for this experiment. The stags were weighed
each time before general anaesthesia and semen collection
procedure using a digital weighing machine installed in
the crush. The deer were kept in a cyclone-fenced paddock
managed as a herd together with hinds in Taman Pertanian
University, Unit Ruminan Kecil, University Putra
Malaysia. The stags were vaccinated against foot and
mouth disease (FMD) and dewormed regularly following
the farm herd health program. The deer were allowed to
graze paddock with signal grass, Brachiaria decumbens
and additional supplement of cut and carry Napier grass
and palm kernel cake was provided to the deer. Water was
provided at ad libitum. This research was conducted under
the monitoring and approval of Animal Care and Use
Ethics Committee, Universiti Putra Malaysia (Reference
Number: FPV/PU/B901).
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General anaesthesia

The deer were herded from the paddock into the dark
house as the deer are calmer in the dark house, which
allowing for physical restraint in small-sized area (15). The
head of the deer was controlled by farmer, while other person
held the deer shoulder while exerting downward pressure to
prevent the deer from jumping (16). General anaesthesia
was conducted using a combination of Ketamine and
Xylazine at the dosage of 2mg/kg and, 1mg/kg
respectively (17). Ketamine that was used in this study is
under the trade name of Narketan® (Vetoquinol UK)
while Xylazine was Rompun® (Paramount Rx) where
both anaesthetic drugs was at 10%. Two most common
routes of general anaesthesia were chosen for this study
are the intravenous route via the jugular vein (18) and
intramuscular route via deep gluteus maximus muscle
(19). The administration procedure of intravenous and
intramuscular routes for both anaesthetic drugs was
performed on each individual for twice in a month for a
period of 8 months (April to November 2012). The total
attempts of general anaesthesia were 15 in each route
(total of 30 attempts). The dosage for yohimbine given to
the animal intravenously to revive the animal was at
0.1mg/kg (20). The time of onset for the drug to take
action was recorded after drug administration until the
animal went to sternal recumbency position. Time taken
for the duration of anaesthesia was from recumbence until
ejaculation. Recovery time was the time taken after
Yohimbine administration until the animal was on sternal
recumbency. The animal was placed in right lateral
recumbency during the semen collection procedure.

Physiological parameters monitoring

Monitoring of vital signs are respiratory rate, heart rate
and temperature were taken pre, peri and post anaesthesia
procedure. Pre anaesthesia period is the parameter taken
before the administration of drugs and it is from the period
of a physical restraint. The data were pooled together for
the intramuscular and intravenous route. Peri anaesthesia
period is the parameter taken after the delivery of drugs
either via the intramuscular or intravenous route. Post
anaesthesia period is the time taken after the injection of
a reversal agent, Yohimbine intravenously to revive the
animal. During the anaesthesia procedure, three stages of
respiratory and heart rates were recorded; early, middle
and towards the end of the procedure at five minutes
interval. The quality of anaesthesia induction and
recovery were subjectively evaluated based on the
established method in white-tailed deer from a score of 1
to 5; 1= excellent, 2=good, 3=fair, 4=poor, and
5=unacceptable (21). The stage and plane of anaesthesia
in deer were assessed according to a standard in deer (22)
and maintained at deep plane during the electroejaculation
procedure. Time of onset was taken after drug
administration until the animal went down to sternal
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recumbency. Time taken for the duration of anaesthesia
was from recumbency until ejaculation. Recovery time
was the time taken after yohimbine administration until
the animal was on sternal recumbency. Supplements were
given intramuscularly, Vitavet® (Nova) containing
vitamin A, B, C, D and E and, Catosal® (Bayer)
consisting of vitamin B12, 10ml on each side of the rump
as recommended on the label.

Semen collection

Semen collection was performed using
electroejaculation (P-T Electronics, Boring, USA). Before
electroejaculator probe was inserted, faeces were evacuated
from the rectum. The electroejaculator probe was lubricated
with KY-Jelly. A generous application of lubricant and
gentle probe insertion was necessary due to the fold and
sensitive layer of rectal mucosa in deer to prevent bleeding.
The probe was inserted, retracted and repositioned
preventing rectal mucosa fold trauma by gentle advancement
of the probe. Probe insertion was gauged from a low voltage
stimulation and slow increase of the voltage. Good response
from the electric stimulation was observed by the hind limbs
flexion. Semen was collected in the graduated tube and
quantify using a micropipette, while concentration of sperm
was achieved using semen counting chamber. Semen
characteristics were compared to identify the difference
between the two routes of drug administration. The best route
of drug administration was chosen for semen motility. The
choice of semen extender used was Andromed® based the
best performing extender for R. timorensis (23).

Semen was collected twice monthly from each
individual from months of April to November. Success in
semen collection was noted in each collection session, the
success rate was recorded and reported as a percentage.
Semen collection procedure was conducted from a
modified protocol in wildlife species (10). The electrical
stimulations were at a 3-sec-on and 1-sec-off rhythm, with 3
repetitions before subsequent volt increment and 1-minute
rest between each series. Electrical stimulations were
delivered into three parts; from 1V to 6V, restarting back
from 1V to 12V, and finally from 1V to 18V. During
electrical stimulation, muscle contraction was observed
which also suggest appropriate contact of the probe with
rectal mucosa and stimulation to the sex glands.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics ver. 20.
Data were examined using one-way analysis of variance
(ANOVA) to determine differences between the mean time
of intravenous and intramuscular routes. The means were
considered significant at the level of P <0.05. One-way
analysis of variance was also used in comparing
intramuscular and intravenous parameters as well as
comparing the temperature, pulse and respiratory parameters
of pre (control), peri and post anaesthesia. Spearman rho was
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used to indicate correlations between parameters and the
strength of correlation was reported based on general
statistics rule: 0.90 to 1 very high, 0.70 to 0.90 high, 0.50 to
0.70 moderate, 0.30 to 0.50 low and 0.0 to 0.30 negligible
correlation (24).

Results

The onset, duration, recovery and total time of
anaesthesia procedure was recorded. There was a significant
difference between onset, recovery and total time in
intravenous and intramuscular routes. The onset, recovery
and total time of anaesthesia for the intravenous route were
5.13 £ 0.88 min, 7.47 £ 1.61 min and 18.67 = 1.47 min while
intramuscular route were 11.67 £ 1.44 min, 11.73 + 1.03 min
and 29.07 = 4.01 min respectively. In contrast, there was no
significant difference in the duration time of anesthesia
between intravenous and intramuscular routes which were
15.27 £ 3.03 min and 17.40 = 3.55 min. The results of onset,
duration, recovery, total time and success of semen
collection in different routes of drugs administered in R.
timorensis are summarized in Table.

There was no significant difference between the
successes of semen collection compared between
intravenous or intramuscular routes at 93.3% and 79%. There
was a significantly high positive correlation between the
duration time and total time in both intravenous and
intramuscular routes with a Spearman's rho value of (p) =
0.834 and (p) = 0.861 respectively. These correlations
suggest that the duration time to achieve ejaculation is the
main factor that contributes to the total time of anaesthesia in
both routes.

There was no significant difference between the
successes of semen collection compared between
intravenous or intramuscular routes at 93.3% and 79%. There
was a significantly high positive correlation between the
duration time and total time in both intravenous and
intramuscular routes with a Spearman's rho value of (p) =
0.834 and (p) = 0.861 respectively. These correlations
suggest that the duration time to achieve ejaculation is the
main factor which contributes to the total time of anaesthesia
in both routes.

The descriptive statistics of anaesthetic monitoring
between intravenous and intramuscular were recorded in
Table 2. The parameters taken were heart rate, respiratory
rate and temperature prior (pre), during (peri) and after (post)
anaesthesia. The parameter for heart rate, respiratory rate and
temperature in pre anaesthesia period was 115.5 + 2.0
beats/min, 78.8 £ 1.7 bpm and 38.1+0.0 °C. The heart rate,
respiratory rate, temperature, stage, plane and quality during
(peri) anaesthesia in intravenous and intramuscular were
79.1 + 1.41 beats/min, 61.9 £ 1.6 bpm, 38.0 £ 0.0°C, 2.9
0.0,1.8+0.1,1.0+£0.1 and 52.0 £ 6.1 beats/min, 35.3 £ 2.9
bpm, 39.3 + 0.3°C, 3.0 + 0.0, 3.3 £ 0.3 and 3.0 + 0.0
respectively. The heart rate was lower and the mean was
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significantly different during and post anaesthesia in
intramuscular compared to the intravenous route which was
52.0 + 6.1 beats/min peri anesthesia then become 65.0 £ 5.0
beats/min post anesthesia and, 79.1 + 1.4 beats/min peri
anesthesia become 119.8 + 2.0 beats/min post anesthesia
respectively. The respiratory rate was also lower in
intramuscular compared to intravenous routes which were,
35.3 + 2.9 bpm peri anesthesia then become 36.7 + 3.3 bpm
post anesthesia and, 61.9 = 1.6 bpm peri anesthesia then
become 88.3 £ 2.1 bpm post anesthesia. The temperature was

consistently higher and the mean was significantly different
between intramuscular and intravenous routes prior, during
and post anaesthesia at 38.1 £ 0.0°C, 39.3 + 0.3°C, 39.3
0.3°Cand 38.1+0.0°C, 38.0+ 0.0°C and, 38.2 £ 0.1°C. The
quality of anaesthesia was better and significantly different
between intravenous and intramuscular routes during and
post anaesthesia 1.0 + 0.1, 1.0 £ 0.0 and 3.0 £ 0.0, 2.3 £ 0.3.
During anaesthesia, the plane of anaesthesia plunged to a
deeper plane of anaesthesia in intramuscular route at plane
3.3+ 0.3 compare to 1.8 + 0.1 in intravenous route.

Table 1: Onset, duration and recovery time in minutes (mean + SEM) in general anaesthesia via intravenous and intramuscular

routes in R. timorensis

Parameters Intravenous Intramuscular

Mean Range Mean Range
Onset Time (min) 5.13+0.88°2 1-15 11.67 +1.44° 7-25
Duration Time (min) 15.27+3.03%" 2-54 17.40 + 3.55 & 6-51
Recovery Time (min) 747+£161° 2-25 11.73+1.03° 4-22
Total Time 18.67 £ 1.47 & 12-32 29.07 £ 4.01 % 13-62
Success of semen collection (%) 93.3 - 79 -

Onset time - time taken from drug administration to recumbency. Duration time - taken from probe insertion until ejaculation.
Recovery time - time taken from lateral recumbency to sternal recumbency post I/V Yohimbine injection. Total time - time taken
from onset towards the entire duration and recovery from anaesthesia. ®Means values in the same rows with different superscripts
are significantly different at P<0.05. **statistically significant correlation within column (P<0.01). I/V: intravenous. I/M:

intramuscular.

Table 1: The descriptive statistics between two routes of anaesthesia in R. timorensis

Time Parameter Intravenous Intramuscular
Mean + SEM Range Mean + SEM Range
H/R (beats/min) 115.5+2.0°¢ 76.0-145.0 115.5+2.0¢ 76.0-145.0
Pre Anesthesia R/R (bpm) 78.8+1.7¢ 32.0-112.0 78.8+1.7¢ 32.0-112.0
Temp (°C) 38.1+0.0° 37.1-39.1 38.1+0.0° 37.1-39.1
H/R (beats/min) 79.1+1.434 32.0-126.0 52.0+6.1b4 40.0-60.0
R/R (bpm) 61.9+1.63¢ 22.0-110.0 35.3+2.93d 30.0-40.0
Peri Anesthesia Temp (°C) 38.0+0.02¢ 36.0-39.0 39.340.3°¢ 39.0-40.0
Stage (1 to 111) 2.9+0.02 2.0-3.0 3.0+0.0? 3.0
Plane (1 to 4) 1.840.12 1.0-4.0 3.320.3° 3.0-4.0
Quality (1-5) 1.0£0.12 1.0-3.0 3.0+0.0° 3.0
H/R (beats/min) 119.8+2.02¢ 72.0-144.0 65.045.0°¢ 60.0-80.0
Post Anesthesia R/R (bpm) 88.312.13°¢ 42.0-130.0 36.7+3.3°¢ 30.0-40.0
Temp (°C) 38.2+0.12¢ 37.0-39.1 39.3+0.3%¢ 39.0-40.0
Quality 1.0+0.0? 1.0 2.3+0.3b¢ 2.0-3.0

bpm=breaths per minute, H/R=heart rate, R/R=respiratory rate. Quality - Quality of anaesthesia was scored from 1 (excellent)
to 5 (poor). Stage - Stage of anaesthesia was scored from Stage | (excitement) to Stage |11 (surgical anaesthesia). Plane - Plane
of anaesthesia was scored from Plane 1 (light) to Plane 4 (excessive deep). ® Means values in the same rows with different
superscripts are significantly different. ° Means values in the same column with different superscripts are significantly different.

The overall pattern of time for both onset and recovery
time is faster in intravenous compared to the intramuscular
routes of drug administration. The onset and recovery time
are both different between intramuscular and intravenous
route. The mean onset for intramuscular and intravenous
routes are significantly differentat 11.67 + 1.44 minand 5.13
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+ 0.88 min respectively. The time of onset is lower in
intravenous compared to intramuscular route although on the
second trial the standard error of mean overlapped. The
consistent low time of onset suggests the high consistency
and reliability of ketamine-xylazine administered
intramuscularly. The standard error of mean is low in all
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batch except the fourth in the intramuscular route which intramuscular route. In addition to that, comparing the pre-
supports the choice of intravenous as the better route of drug anaesthesia, peri and post anaesthesia temperature, pulse and
administration in R. timorensis due to low variability in time respiratory rate revealed that there was a significant
of onset. The time of onset in the intravenous route in each difference between pre and peri anaesthesia pulse and
batch is lower than the mean of intramuscular on all respiratory while temperature has no significant difference.
occasions. There was no significant difference between pre and post
The mean recovery time for drug administration via anaesthesia pulse and respiratory rate as well.
intramuscular and intravenous route are significantly The semen parameters collected between the two routes of
different at 11.73 = 1.03 min and 7.47 = 1.61 min drug administration were tabulated in Error! Reference
respectively. The mean recovery time is shorter in source not found.. The semen parameters for intravenous
intravenous compared to the intramuscular route. The route are general motility, wave pattern, semen
variability in recovery time intravenous was higher in concentration, semen volume and total semen concentration
compared to the intramuscular route. However, the recovery at 78.33 £ 2.71%, 3.50 + 0.15, 1530.36 * 247.61 x 10%/ml,
time in the intravenous route is still shorter than the mean 1.16 + 0.19 ml, and 1535.69 + 400.86 x 108/ml respectively.
recovery time of the intramuscular route except for the Meanwhile the semen values for intramuscular route that was
second and sixth trial batch. When compared between non-statistically significant different are 79.55 + 4.69 %, 3.46
batches of recovery time, only the sixth batch of the + 0.16, 1191.97 + 360.25 x 10%/ml, 1.71 + 0.65 ml and
intravenous route has the mean recovery time higher than the 1765.59+404.58 x 108/ml.

Table 2: Semen parameters collected between the two routes of drug administration

Parameter Intravenous Intramuscular

Mean + SEM Range Mean + SEM Range
General motility (%) 78.33 £ 2.717 65.00 - 90.00 79.55 £ 4.69°2 50.00 - 95.00
Wave Pattern (1-5) 3.50+0.15¢2 3.00 - 4.00 3.46+0.16° 3.00 - 4.00
Semen Concentration (x10%/ml) 1530.36+247.612 37.50 - 3560.00 1191.97+360.25* 37.50 - 4075.00
Semen Volume (ml) 1.16£0.19° 0.30-2.30 1.71£0.65% 0.80-3.00

Total Semen Concentration (x105/ml) 1535.69+400.862  78.75 - 3854.40 1765.59+404.582 165.00 - 4075.00

@ Mean value in the same.

Discussion procedure requires the use of anaesthesia (31). Training stags
for artificial vagina were no longer practiced despite being
General anaesthesia study has been performed the early method of semen collection in deer in the 1980s as
successfully in various species of deer (25), and is an eminent the procedure was proven to be risky to the handler (32). A
in deer semen collection procedure. However, the study of degree of training is also required for the stag to be used with
general anaesthesia in relation to semen collection remains artificial vagina which prompts further time and effort to
limited (26), though it is the only method of semen collection train the animal as opposed to no training requirement in
in untrained animals. Moreover, the recorded anaesthesia electroejaculation procedure (33). An anaesthetic protocol
protocol in R. timorensis remains scarce (8). The knowledge using a combination of Ketamine- Xylazine and reversal
gained from other species of deer that can be applied to the with Yohimbine is safe and practical to use in R. timorensis
whole deer family, especially these species with lack of for the semen collection procedure. The same combination
study. This is however inaccurate since the species-specific of Ketamine-Xylazine drugs and Yohimbine reversal was
reaction to the drug may exist and extrapolation between also recommended in spotted deer and was successfully
species can be inappropriate as there are even differences applied for electroejaculation purpose (17).
across individuals of the same species (27). The total time taken for a successful semen collection
It was important to note that there was no mortality due procedure varied between intramuscular and intravenous
to anaesthesia in this study since deer are known to be prone routes. The time to obtain semen through electroejaculation
to hyperthermia, capture myopathy and trauma (28-30). is not a primary factor that contributes to the total time of the
Thus, there is a need to have a close monitor of the body procedure as there is no significant difference between either
temperature of the animal. Besides that, a cooling two routes of drug administration. The result from our study
mechanism such as using a wet towel or water must be which suggests that the time of anaesthesia between two
considered in the procedure. In a study, the use of anaesthesia routes of drug administration not having an effect on the total
was found to reduce the risk of mortality in capture animal period of anaesthesia is consistent with a study in human with
which highlights the importance of anaesthesia in deer (20). no difference in the time of discharge between routes of drug
Different from domestic animals, semen collection administration (34). Thus, the time difference was due to the
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time of onset and recovery time as the correlation suggests.
The time of onset for Ketamine- Xylazine is faster in the
intravenous route than the intramuscular route. The
pharmacodynamic of Ketamine distribution was found to be
faster in the intravenous route compared to intramuscular
contributing to the rapid onset of anaesthesia (35). The result
of this study is aligned with a study suggesting Ketamine
used intravenously in deer having rapid absorption (36).
Ketamine has low bioavailability and reaches a slower time
of effect in intramuscular posing to higher loading dose for
the drug to take effect (37,38). Usage of Xylazine was
reported to improve sedation, muscle relaxation, induction
and recovery in white-tailed deer (21). The onset time of
Ketamine- Xylazine was slower in intramuscular as opposed
to intravenous due to the different pharmacodynamics in the
two routes of drug administration.

The use of alphas-antagonists such as Yohimbine
provides better recovery to the alphaz-agonist drug like
Xylazine. Yohimbine was reported to provide smoother
recovery and shorter arousal post anaesthesia (21). Due to
slower absorption of Ketamine- Xylazine in intramuscular
route and residual drug effects, prolonged recovery is
expected (39). Subsequently, the recovery with Yohimbine
was slower in intramuscular route with lower heart rate post
anaesthesia at 65.0 + 5.0 beats/min as opposed to intravenous
119.8 + 2.0 beats/min. As a result, the satisfactory of
recovery post anaesthesia in intramuscular contributes to the
lower quality of anaesthesia at 2.3 + 0.3 as opposed to 1.0
0.0 in intravenous route. In conclusion, the total time taken
for semen collection was influenced by the onset of
Ketamine- Xylazine and the recovery time using Yohimbine
as the reversal.

This study highlights the success of semen collection by
general anaesthesia via the intramuscular and intravenous
route. There was no significant difference in the success of
semen collection between both routes. Induction via
intravenous is only practical in farm settings with the well-
equipped dark house while intramuscular is commonly used
in field settings. Establishment of venous access, risks
related to venous access and maintenance of venous access
are one of the few challenges in the field (40). However,
there is no significant difference in the success of semen
collection in R. timorensis in farm settings. Therefore, in
either routes of drug administration, semen collection
procedure should be considered. General anaesthesia using a
remote delivery system via intramuscular is more common
in wildlife, partially sedated or fully induced and can be
maintained safely (20). The use of drugs to tranquillize
animals for management procedure is more preferable than
physical restraint alone and will improve the welfare of
animal by controlling the effect it has on stress (28).

The time of onset and recovery is significantly faster in
intravenous compared to intramuscular. The breakdown of
the results, however, revealed sporadic spike and reduction
in the time taken for onset and recovery regardless of the
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route of drugs administration. The differences in time were
explained by a study of Ketamine pharmacokinetic in the
absorption and distribution in which intravenous route was
faster than the intramuscular route (41). Moreover, Xylazine
residue and elimination are more rapid in the intravenous
route compared to the intramuscular route (42). Besides the
pharmacokinetics, there are many factors that should be
taken into account with the induction of Ketamine and
Xylazine such as physiological, age and individual
differences which could affect the drug effect (37). In deer,
there might be different tolerance of individuals towards
stress and handling. This trait was displayed by a recent study
in R. timorensis which look into the different stress effect
between different individuals which suggest different
tolerance level towards handling and stress (43). Despite the
fluctuation in data, this study suggests intravenous as the best
rote of anaesthesia due to the better rate of onset and recovery
time in R. timorensis.

More importantly, the difference between onset and
recovery time has an impact on the deer industry. The onset
and recovery time in this study is shorter in the intravenous
route compared to the intramuscular route. In fact, the impact
of a shorter period of time in procedure due to the different
drug administration routes may be a key factor in the
progress of assisted reproductive technology in deer. One of
the important challenges of artificial insemination in
domestic animals is in the cost incurred for the procedure
(44). The case is especially true in case of cost for drugs
administration which may take long recovery time
warranting extended monitoring time (18). Reducing time in
induction and recovery will allow for the reduction in cost
incurred for semen collection by reducing operational time
and manpower involved in the procedure and anaesthesia
monitoring. Thus, reducing the time taken for semen
collection procedure indirectly will contribute to the growth
of artificial insemination in the deer industry. The benefit of
the intravenous route of drug administration highlighted in
this study will promote more artificial insemination
procedures in the future.

Both routes of drug administration have notable
cardiovascular depression as an effect of Ketamine -
Xylazine anesthesia. However, the heart rate was lower in
intramuscular compared to intravenous since the readings
were taken after premedication with Ketamine- Xylazine.
The lower heart rate suggests a calming effect and better
stress management for the animal (28). Normal heart rate in
deer is 60 beats/min (45) while the normal respiratory rate of
deer is 16-20 breaths/min (22). The heart rate pre anaesthesia
elevated as high as 126 beats/min due to restraint in this study
then stabilized after the onset of anaesthesia. However, the
recovery of the animal was delayed in the intramuscular
route due to the slow distribution of drug intramuscularly and
the deeper plane of anaesthesia. Hence, the advantage of the
intravenous route of ketamine delivery was described as the
ability to titrate the drug to effect and maintaining the
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appropriate depth of anaesthesia (34). Consequently, a
deeper plane of anaesthesia will require closer monitoring of
anaesthesia and a higher risk of a failed procedure due to the
emergency revival of the animal.

The significant differences inpulse and respiratory rate
between pre and peri in different routes of anaesthesia
suggest that Ketamine-Xylazine provides distinct
physiological parameter and profound cardiovascular
depression in R. timorensis. The different pulse and
respiratory in both routes also suggests that Ketamine and
Xylazine were adequate in producing physiological sedation
in R. timorensis. This is in line with the vital parameter from
other deer and small ruminant during anaesthesia (46,47).
However, the use of a, adrenergic receptor antagonists such
as Yohimbine is still warranted as a reversal for a smoother
recovery (19). Meanwhile, there is no difference between pre
and post anaesthesia which supports the physiological
recovery of the animal to the former state before anaesthesia.

Semen parameters in R. timorensis have no significant
difference between the different routes of drug
administration. The results suggest that the methods to
achieved general anaesthesia has no effect on the success and
quality of semen parameters. Therefore, suggested that the
data can for semen characteristics be used as a reference
value and has a consistency comparable to a recent study in
R. timorensis (23). The procedure of general anaesthesia for
semen collection has been proven useful in domestic animals
and has yielded good-quality semen (48).

Conclusion

General anaesthesia is crucial for the welfare of the
animal during semen collection in wildlife and deer. The
protocol is also an integral foundation for the development
of ART in deer. Intravenous and intramuscular routes of
Ketamine (2mg/kg) and Xylazine (1mg/kg) administration
is safe and reliable in providing general anaesthesia for the
purpose of semen collection in R. timorensis. However, the
intravenous route is the best choice of general anaesthesia
since it offers quick induction and recovery. Monitoring
animal under general anaesthesia is vital for the safety and
success of a protocol, information from this manuscript is
filling in the data for a guideline to monitor anaesthesia in
deer. The semen parameters using a combination of
Ketamine - Xylazine offers satisfactory results to semen
motility. The success and semen parameters of semen
collection via induction of intravenous and intramuscular are
the same, therefore semen collection using electroejaculator
should be considered as part of a common standard of
breeding soundness evaluation in deer and other wildlife.
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