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Abstract:

To compare the anesthesia effect of compound ketamine and pentobarbital sodium in orthopedic
surgery, 30 specific pathogen free C57BL/6J male mice were included and randomly enrolled into
group A (compound ketamine group) and group B (pentobarbital sodium group). The changes of
respiratory frequency, heart rate, body temperature, blood oxygen saturation, anesthesia duration,
and anesthesia depth among mice in the two groups were compared. It was demonstrated that
respiratory frequency declined in the two groups. Heart rate showed no apparent changes as
anesthesia was continued. Heart rate was high in group A at 50 min while it was low in group B at
90 min. Body temperature among mice in the two groups generally declined. After 90 min, it
dramatically declined in group A. Body temperature was the lowest in group B at 90 min. Blood
oxygen saturation generally raised in the two groups. As to anesthesia duration, induction and
anesthesia periods were relatively longer in group B. The score for anesthesia depth of group B
remained above 3 points 20 min after rectification disappeared and anesthesia duration of group B
was notably longer. The research findings revealed that compound ketamine and pentobarbital
sodium showed excellent anesthesia effects and physiological indicators. The latter one was
characterized by long anesthesia duration, low safety, and high fatality.
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The observation period of cartilage defect and repair experiment is long. Medium and small animals
rather than high-cost large animals are widely applied in clinical orthopedic treatment and scientific
research. Mice are commonly used in laboratory study and the main anesthetics for mice include
chloral hydrate and Rompun®[1,2]. Post-anesthesia surgeries mainly include incision of trachea and
enter ostomy, which are featured with short duration and mild pain. Chloral hydrate and Rompun
have significant anesthesia effects. However, orthopedic surgery leads to severe pain and lasts for a
long time so that the above anesthesia methods are not effective. Anesthesia is an essential
procedure for mammal experiment. Inappropriate anesthesia may result in near-death state among
mammals, which affects experimental results[3-5]. Therefore, safer anesthesia methods should be
adopted to promote anesthesia techniques and reduce experimental costs.

Ketamine injection is a compound preparation consisting of ketamine, xylazine, and
phenethylpiperate. Ketamine is a non barbiturate analgesic that can effectively relieve pain and treat
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various diseases. It can quickly penetrates blood brain barrier to have an analgesic effect on central
and peripheral nerves[6]. In addition, it has few inhibition effects on respiratory system. After
intravenous administration, the drug is quickly distributed to all tissues and organs of body.
Consequently, the effectiveness lasts for a short time. Metabolic pathways in liver include
demethylation and hydroxylation. Under the influence of enzyme, the transformation rate of phenyl
cyclohexanone reaches 30 % and it completely recovers after 30 min[7]. Ketamine possesses
multiple action mechanisms. It can simultaneously have an analgesic effect on cardiac and
peripheral nerve network systems. The effect is widely applied in animal experiment. Moreover,
ketamine can quickly penetrate blood brain barrier to play several roles in clinical treatment. The
recent study shows that ketamine has a remarkable anti-inflammatory effect and can effectively
inhibit hyperalgesia, psychiatric symptom, and depression. In addition, it can balance acute
inflammatory reflex and dysimmunology because it initiates congenital immune response
mechanism[8-10]. Amobarbital sodium is an injection drug and its main component is amobarbital
sodium, which appears as white particles or powder[11]. Low-dose amobarbital sodium has sedation
and hypnosis effects. In contrast, high-dose amobarbital sodium has anti-spasm and anesthesia
effects and anesthesia duration becomes longer. Nonetheless, the induction period becomes
longer[12,13]. Amobarbital sodium is highly lipid-soluble and its content is high in brain, liver, and
kidney. In most cases, the metabolites of liver function are inactive hydroxyl radical derivatives and
a few of them are excreted in the original form with urine through kidney. Nonetheless,
conventional pentobarbital sodium anesthesia method possesses many shortcomings, such as long
induction period, high requirement of abdominal anesthesia and blood puncture anesthesia, and
uncontrollable administration rate and dose. According to related research, pentobarbital sodium can
effectively improve anesthesia effects, which last for a long time[14-16].

This research was conducted to compare the anesthesia effects of compound ketamine and
pentobarbital sodium in orthopedic surgery to provide valuable references for clinical anesthesia.
Based on the comparison of the two anesthetics, the action mechanisms in different situations can be
better understood.

MATERIALS AND METHODS

Laboratory animals:

30 Specific Pathogen Free (SPF) C57BL/6J male mice were purchased from Beijing Vital River
Laboratory Animal Technology Co., Ltd. They were aged between (9-12) w with an average weight
of 26 g. Laboratory mice were fed in independent ventilation cages of animal laboratory equipped
with SPF barriers. They were offered free access to food and water and the feeding temperature and
humidity were kept at 25° and about 55 % with an alternation of day and night every 12 h. 30 mice
were randomly enrolled into group A (compound ketamine group) and group B (pentobarbital
sodium group).

Experimental drugs:

The experimental drugs included 2 ml compound ketamine injection (veterinary drug approval
number (2012): 060022095, Mylan Veterinary Pharmaceutical Company), pentobarbital sodium
powder (Supreme Biotechnology Co., Ltd.), and 0.9 % sodium chloride injection (N21082201B,
Gland Pharmaceutical Co., Ltd.). The concentrations of all the above drugs were made or diluted to
the required levels using sterile sodium chloride injection.

Experimental methods:

Abdominal injection was performed on the mice in group A at a dose of 90 mg/kg. Before
anesthesia, fasting was carried out for 1 d and water deprivation was implemented for 12 h. Then,
weighing was performed. Next, indwelling venous catheter was inserted into left forelimb vein for
intravenous anesthesia and first aid pathway. After the mice stayed quiet, blood oxygen saturation
monitor was installed and all pre-anesthesia physiological indicators were recorded.
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Before anesthesia, the mice in group B underwent fasting for 12 h and water deprivation for 4 h.
Next, 3 ml/kg 2 % pentobarbital sodium was prepared and then 2 g pentobarbital sodium powder
was weighed using an electronic scale. After that, it was mixed with 100 ml distilled water. Then,
the solution was filtered with cell sieve before the injecting into mice muscle. Finally, the drugs
took effect.

Indicator monitoring:

Induction time recording: The starting time of administration was recorded. After the
administration, mice were allowed to roam freely. The occurrence of the 1st righting reflex
suggested that mice generally entered anesthesia stage. In this case, forepaw toes of mice were
clamped with a hemostatic force. If mice made no response, they formally entered anesthesia stage.
After that, the duration from the beginning of administration to no reaction was recorded as the
induction period.

Body position fixation: After mice completely entered anesthesia stage, mice tongue was pulled
out using a tweezer and it was fixed on one side to prevent glossoptosis, airway blockage, asphyxia,
and even death. Then, a large sheet was spread on the operating table and mice were moved onto the
operating table with the assistants. Next, mice were immobilized in supine position with their heads
tilted back and the airway open.

Surgery after sheet disinfection: The surgical area was disinfected with iodophor and the sheet
was spread. Next, the surgery was performed (femoral trochlea cartilage defect model).

Intraoperative monitoring: The multifunctional vital sign monitor was connected to detect Heart
Rate (HR) and blood oxygen saturation. Then, the researchers worked with the assistants to record
HR, blood oxygen saturation, respiratory frequency, and body temperature every 10 min. During the
surgery, they should always pay attention to mice tongue to prevent airway blockage caused by
glossoptosis.

Postoperative treatment:
Resuscitation: After the surgery, the duration from toe-pinch reflex to free activity was recorded as
recovery period for each mouse.

Postoperative biochemical detection: Ear venous blood was extracted 24 h after the surgery for
postoperative chemical analysis and testing. Then, mice ears were disinfected with iodophor. Next,
ear vein was punctured using a 5 ml syringe and about 0.5 ml venous blood was extracted. After the
needle was removed, the extracted venous blood was injected into 1.5 ml centrifuge tube containing
anticoagulant and they were thoroughly mixed upside down. In addition, mice numbers were labeled
on the centrifuge tubes with a marker. Next, 100 pl postoperative mice venous blood was extracted
using 200 pl pipette and instilled on a health 16-item quantitative detection reagent tray. After that,
it was placed into a fully automatic biochemical analyzer. The parameters were set as mice mode
and named. Next, the fully automatic biochemical analyzer was started. After chemical analysis
indicators were analyzed, laboratory test report was printed out and data were collected.

Observation indicators: The laboratory mice were placed in a quiet and clean room, and allowed
to roam freely. After they were stabilized, pre-anesthesia body temperature, blood oxygen
saturation, HR, and respiratory frequency were detected. After that, 0.5 ml ear venous blood was
extracted for biochemical testing. Then, anesthesia was carried out. Mice reflex and all
physiological indicators were monitored 10 min, 20 min and 30 min, (every 10 min) after the
anesthesia. What’s more, ear venous blood was extracted from mice that were awake for 24 h for
biochemical testing.
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Monitoring: Induction, anesthesia, and recovery periods were recorded. The induction period stared
from the beginning of administration to first righting reflex. The anesthesia period included the
entire processes of toe-pinch reflex and surgery. The recovery period started from toe-pinch reflex
to free activity.

Statistical methods:

IBM Statistical Package for Social Sciences (SPSS) Statistics 26 was employed to analyze
experimental data. The test level was set as Alpha (0)=0.05. p<0.05 suggested that differences
revealed statistical significance. Measurement indicators were denoted by mean + standard
deviation (x+s) and data distribution was performed with test of normality and homogeneity test for
variance. Pre and post-interventional target angles of all groups were compared using matched
samples t-test and the differences between two groups were compared using independent sample t-
test. Data among multiple groups were compared using one-factor analysis of variance.
Postoperative comparison was carried by Least Significant Difference (LSD) method. Different
therapeutic plans were compared based on analysis of variance of factorial design to determine the
main, individual, and interaction effects of different therapeutic parameters. The correlation was
analyzed based on Spearman correlation analysis method. If data showed skewed distribution,
Wilcoxon rank-sum test of non-parametric test was conducted.

RESULTS AND DISCUSSION

As illustrated in fig. 1, respiratory depression was remarkable among mice in group A and group B.
As anesthesia progressed, respiratory frequency declined in the two groups. The differences before
and after anesthesia indicated notable statistical significance (p<0.05). After anesthesia, respiratory
frequency declined (p>0.05).

As presented in fig. 2, no notable changes were detected in HR among mice in group A and group

B. HR was high among mice in group A at 50 min (p<0.05). In contrast, it was low among those in
group B at 90 min (p<0.05). No statistical significance was detected in the difference in HR between
the two groups at other time points before and after anesthesia (p>0.05) and so was the case with the
difference in HR (p>0.05).

As displayed in fig. 3, body temperature generally declined among mice in group A and group B,
and it dramatically dropped down among mice in group A after 90 min (p<0.05) and reached the
lowest among mice in group B at 90 min (p<0.05). In group B, body temperature slightly rose after
90 min. No statistical significance was detected in the difference between the two groups (p>0.05).
As illustrated in fig. 4, blood oxygen saturation generally raised among mice in group A and group
B. It apparently increased among mice in group A after 50 min and the difference between that at
100 min and before anesthesia suggested statistical significance (p<0.05). In contrast, it notably
raise among mice in group B after 40 min, while slightly declined after 70 min.

As displayed in fig. 5, braking time was relatively shorter in group A, while induction and
anesthesia periods were longer in group B (p<0.05).

The scores for anesthesia depth of the two groups were displayed in fig. 6. The scores for group A
were >3 points 5 min and longer after righting reflex disappeared; while those for group B were

<3 points at the same periods (the requirement of surgical anesthesia was not met). The scores for
group A were <3 points 20 min after righting reflex disappeared. In this case, mice entered recovery
period. In contrast, the scores for group B remained above 3 points and anesthesia duration was
relatively longer (p<0.05).
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Comparison of respiratory frequency monitoring
results between the two groups

Respiratory rate (times/min)

Monitoring time
Fig. 1: Comparison of respiratory frequency monitoring results between the two groups
Notes: *p<0.05 revealed that the differences before anesthesia suggested notable statistical
significance, (): Group A and (): Group B

Comparison of heart rate monitoring results
between the two groups
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Fig. 2: Comparison of HR monitoring results between the two groups
Notes: *p<0.05 revealed that the differences before anesthesia suggested notable statistical
significance, (): Group A and (): Group B

Comparison of temperature monitoring results
between the two groups
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Fig. 3: Comparison of body temperature monitoring results between the two groups

Notes: *p<0.05 revealed that the differences before anesthesia suggested notable statistical
significance, (): Group A and (): Group B
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Comparison of Blood oxygen saturation results
between the two groups
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Fig. 4: Comparison of blood oxygen saturation monitoring results between the two groups
Notes: *p<0.05 revealed that the differences before anesthesia suggested notable statistical
significance, (): Group A and (): Group B
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Fig. 5: Comparison of anesthesia duration between the two groups
Notes: *p<0.05 revealed that the differences before anesthesia suggested notable statistical
significance, (): Group A and (): Group B
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Comparison of depth of anesthesia between the
two groups
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Fig. 6: Comparison of anesthesia depth between the two groups
Notes: *p<0.05 revealed that the differences before anesthesia suggested notable statistical
significance, (): Group A and (): Group B

Ketamine has a strong excitation effect and can rapidly induce anesthesia. Pentobarbital sodium has
significant long-term sedation and hypnosis effects. Hence, it is usually applied in long- term
anesthesia. However, induction is time- consuming[17]. Low-dose compound ketamine (less than
half of the original lowest dose) has the same anesthesia effect with routine dose without excessive
respiratory depression and bradycardia. The research findings demonstrated that ketamine could
effectively alleviate cardiac function depression caused by xylazine hydrochloride injection and has
few adverse effects on respiratory system[18,19]. What’s more, no remarkable changes were
detected in respiratory system monitoring after the anesthesia by compound ketamine. Some
research demonstrates that there seems to be a slight difference between the dose of pentobarbital
sodium for surgical anesthesia and that leading to respiratory arrest[20,21]. Because pentobarbital
sodium only has limited analgesic effect, higher dose of pentobarbital sodium is required when more
stimulus were applied, such as pinching ears. Consequently, the incidence of respiratory arrest
becomes higher. In addition, it is verified that pentobarbital sodium causes no impacts on
ventilation, respiration, and circulation [22].

According to the research findings, xylazine hydrochloride injection has remarkable effects on
respiratory depression[23,24]. In the experiment, the change of HR during compound ketamine
anesthesia was consistent with previously reported result. HR declined among the subjects in the
two groups, suggesting that compound ketamine anesthesia possessed remarkable therapeutic effect
on cardiovascular system. During the early stage of anesthesia, pentobarbital sodium might result in
slight rise of HR. As anesthesia progressed, it dramatically declined. In the whole process of
anesthesia, HR of compound ketamine group ranged from 50 to 60 times/min. The stability of HR in
compound ketamine group was related to ketamine in compound ketamine[25]. In general, ketamine
could effectively alleviate bradycardia, but its effect can’t be completely eliminated. Therefore, it is
safer and more reliable to apply compound ketamine in anesthesia for cardiovascular system.
Anesthetics may inhibit central nervous system and affect thermoregulation center in hypothalamus.
Consequently, the ability to regulate body temperature may be attenuated during anesthesia. In
addition, anaesthetics reduce basal metabolic rate of animals. Heat loss and environmental
temperature in operating room reduce body temperature[26]. Xylazine hydrochloride is a a2
adrenoreceptor agonist that has apparent soothing and sedative effects on central muscle relaxation.
In contrast, benzoate hydrochloride enhances therapeutic effect and the excitability of
parasympathetic nerve. Xylazine hydrochloride injection can effectively prevent heat production in
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animal bodies. Before anesthesia, laboratory dogs should under fasting and water deprivation for 8
h. Because the basal metabolic rate is low and they get little heat energy, body temperature is
unstable. Hence, thermal insulation should be carried out and the duration of nonsensical fasting
should be minimized during clinical surgery.

Changing body temperature may indicate physical health condition[27,28]. Hyperthermia usually
results from infectious diseases or other causes. During anesthesia, hypothermia may occur in
laboratory animals, which may be caused by low environmental temperature, surgical conditions,
anesthesia methods and patient condition. It was revealed that the decline in body temperature might
lead to a variety of complications, especially the change of the circulation in cardiovascular system.
The above complications are detrimental to animals with serious illness or myocardial lesions[29].
Moreover, more oxygen is consumed by tissues, liver and kidney functions are impaired, and
immune system is affected. In the experiment, no remarkable difference was detected in body
temperature between the two groups. Body temperature dramatically declined and remained at about
36° in the two groups.

With the development of modern clinical treatment and medicine, animal experiment plays more
and more significant role in biomedical experiments and study, and new technologies and drug
screening are widely applied in clinical treatment. Mammal experimental study is one of the steps of
the test and mammal mode is the key factor for test quality, process and outcome. They can be
applied for orthopedic surgery, systemic diseases and spontaneous mammal mode. Anesthesia
quality directly affects experimental outcome [30,31]. In particular, experimental animal models are
widely applied in orthopedic surgery in surgical research. The anesthesia requirement for
experimental animal models is the highest.

Reasonable orthopedic anesthesia effect should possess the following characteristics, short induction
period and long anesthesia duration; strong soothing and analgesic effects without dysphoria and
other adverse reactions; significant effect on muscle relaxation and short recovery period, few
postoperative adverse effects, few toxic effects and low mortality.

In this research, it was found that pentobarbital sodium possessed remarkable sedation and hypnosis
effects and could be used for long-term anesthesia. Nevertheless, it led to long induction period.
Simple pentobarbital sodium could hardly anesthetize mice and some mice jittered. Besides, there
seemed to be a slight difference between the dose for surgical anesthesia and that resulting in
respiratory arrest, which was consistent with previously reported result[32]. What’s more,
pentobarbital sodium has apparent ventilator and respiration depression effects and no impacts on
circulation. Compound ketamine could induce the disappearance of righting reflex within 10 s and
pain reflex disappeared within 1 min. Nonetheless, nystagmus and head shaking might occur during
anesthesia. The induction time of xylazine hydrochloride injection was limited to 10 min. After
mice entered anesthesia stage, it would take some time to completely eliminate pain reflex.
However, xylazine hydrochloride injection was more effective in muscle relaxation during
anesthesia.

According to the experimental results, it was found that compound ketamine and pentobarbital
sodium were both excellent in terms of anesthesia effects and physiological indicators. Compound
ketamine was safer with few side effects. Hence, it was widely applied in clinical practice. By
contrast, pentobarbital sodium was characterized by long anesthesia period, low safety, and high
fatality.
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