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Abstract
Background To compare the effects of three anesthesia drug combinations in miniature pigs.

Methods Guizhou miniature pigs 15 male, 15 female, 22-24 months were randomly divided into three
groups (n=10, 5 male, 5 female) and anesthetized intramuscularly (neck) with sumianxin  (0.1 ml/kg)
and 3% pentobarbital (0.8 ml/kg; Group A); ketamine (10 mg/kg) and 3% pentobarbital (0.8 ml/kg; Group
B); or ketamine (10 mg/kg) combined with sumianxin II (0.1 ml/kg; Group C). Induction time,
maintenance time, recovery time, and mortality were recorded. Heart rate, respiration, mean arterial
pressure, and body temperature were analyzed pre-anesthesia (T0), after induction (T1), 30 min after
operation (T2), 60 min after operation (T3), and at the end of anesthesia (resuscitation, T4).

Results There were no signi�cant differences in body weight, length, or experimental period between
animals in the three treatment groups. The induction times of groups B and C (2-3 min) were signi�cantly
shorter than that of group A (7.4±1.1 min). The maintenance time of group B (136±11.4 min) was
signi�cantly different from those of groups A and C. The recovery time of group C was 4±1.0 min,
compared with 9±0.6 min in group A and 10±1.5 min in group B. In group A, �ve pigs had adverse
reactions (nausea and vomiting), and one pig died. All animals in group B had adverse reactions, and one
pig died. The pigs in group C did not experience adverse reactions. The heart rates and respiration of the
animals in group C were decreased at T2 and T3 compared with those of group A and B; there were no
differences in heart rate and respiration between groups A and B. There were no differences in body
temperature or mean arterial pressure of the pigs in the three treatment groups.

Conclusions Intramuscular injection of ketamine combined with sumianxin  is a suitable anesthesia
therapy in miniature pigs because of short induction and recovery times, long maintenance time, and
effectiveness.

Background
Large animals such as sheep, dogs, and pigs are used often for experimental surgeries. Guizhou
miniature pigs have the advantages of small size, stable physiological and biochemical indexes similar
to humans, and rough feed tolerance. Thus, Guizhou miniature pigs are used widely in diabetes, dentistry,
and orthopedic surgery (1). Safety and reliability of anesthesia during experimental surgery are crucial
(1). General anesthetic drugs should provide analgesia, deep hypnosis, and muscle relaxation with
minimal side effects. A single anesthetic drug usually does not ful�ll all these criteria. High anesthesia
doses may cause deep anesthesia and death, and low doses lead to shallow anesthesia and strong,
painful stimuli that directly affect surgical outcome (2).

Pentobarbital, ketamine, and sumianxin II are used in large animal experiments. Sumianxin II consists of
dihydroetorphine, 2,4-xylylamine triazole, and haloperidol. Dihydroetorphine delivers a high analgesic
effect, and haloperidol and 2,4-xylylamine triazole offer stabilization, sedation, and muscle relaxation.
However, sumianxin II has a long, unsatisfactory induction time (3, 4). As a moderate sedative,
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pentobarbital can induce hypnosis, but the dose required for a typical analgesic effect is toxic (5, 6).
Additionally, pentobarbital must be dissolved and diluted for drug preparation, which is a relatively
timeconsuming activity (6). Ketamine, a non-barbiturate anesthetic, provides intense analgesia with small
circulation effects and a short maintenance time in large animals (7). Therefore, combined anesthetic
drugs may enable investigators to use the different properties of the drugs to obtain balanced anesthesia
and avoid the side effects of any one drug. So far, few studies have been conducted to compare the
anesthesia effects of sumianxin II-pentobarbital, ketamine-pentobarbital, and ketamine-sumianxin II in
miniature pigs. Thus, we compared these three anesthetic formulations in miniature pigs to �nd the
safest, most effective, and reliable combination.

Methods

Experimental animal
Thirty healthy Guizhou miniature pigs (15 male, 15 female, 22–24 months) were supplied by Chengdu
Dashuo Technology Co., Ltd, Chengdu, China. These minipigs received humane care in accordance with
the Guide for the Care and Use of Laboratory Animals (8). All of the animal experimental procedures were
approved by the Ethics Committees of Xi’an Jiaotong University and were executed in accordance with
the Guidelines of Animal Care and Use Committee of Xi’an Jiaotong University.

Experimental drugs
Sumianxin II (No. 20170601, Changchun Military University Veterinary Research Institute Reagent Factory,
Changchun, China); pentobarbital (No. 20160810, Beijing Suo Laibao Reagent Company, Beijing, China);
ketamine (No. 20160301, Fujian Gutian Pharmaceutical Co., Ltd., Fujian, China).

Study design
Thirty Guizhou miniature pigs (15 male, 15 female, 22–24 months) were randomly divided into three
groups (A, B, and C; n = 10, 5 male, 5 female) and fasted for 12 h before treatment. Randomization of pigs
between treatment groups was performed using Research Randomizer (http://www.randomizer.org).
Anesthetics were introduced via intramuscular injection as follows: Group A, sumianxin II (0.1 ml/kg) and
pentobarbital (0.8 ml/kg); Group B, ketamine (10 mg/kg) and pentobarbital (0.8 ml/kg); Group C,
ketamine (10 mg/kg) and sumianxin II (0.1 ml/kg). All injections were in neck muscles caudal to the base
of the ear (splenius and brachiocephalic muscles). No more than 10 mL was injected at any one site to
avoid tissue irritation.

After drug injection, animals were placed in a dorsal recumbent position every minute or until the righting
re�ex was lost and the animals remained recumbent for at least 30 s. Then, animals were observed until
they regained the righting re�ex, i.e., animals returned to their normal prone position. Elapsed time from
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drug administration to loss and regaining of the righting re�ex was recorded and considered as the onset
and end of anesthesia. The induction time was the time from drug injection to loss of the righting re�ex.
The maintenance time was de�ned as the time from complete loss of the righting re�ex to the regaining
of the righting re�ex. The recovery time was the time from the regaining of the righting re�ex to the time
at which the animal could stand up and start walking. In addition, an adverse reaction was de�ned as
nausea and vomiting. After all the experiments, euthanasia were conducted that the animals were given
5 ml/kg pentobarbital by intravenously.

Physiological parameters
Throughout the experimental period, heart rate, respiration, mean arterial pressure, and body temperature
were recorded pre-anesthesia (T0), after induction (T1), 30 min after operation (T2), 60 min after
operation (T3), and at the end of anesthesia (resuscitation, T4). The mean arterial pressure, respiration
and heart rates were measured by connecting an arterial catheter with a pressure transducer; body
temperature was measured with a rectal thermo-probe. Both devices were connected to a monitor (model
PM-2B; Honeywell, Minneapolis, MN).

Statistical analysis
Data analysis was performed with SPSS 19.0 software (SPSS Inc., Chicago, IL, USA), and the data were
expressed as the mean ± SEM. Differences between groups were analyzed by Student’s t test, and one-
way ANOVA with Tukey’s test was applied for analyses of more than two groups. A value of P < 0.05
indicated that the results were statistically signi�cant.

Results

Body weight, body length, and experimental period
Table 1 shows the basic measurements of the three miniature pig treatment groups. There were no
signi�cant differences in body weight, body length, or experimental period between the three groups (P > 
0.05).
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Table 1
The basic measurements of the three groups of miniature pigs

Groups Quantity Body weight

(kg)

Body length

(cm)

Experimental period (min)

Group A 10 36 ± 3.4 79.34 ± 1.23 176 ± 13

Group B 10 34 ± 4.4 78.26 ± 1.14 185 ± 16

Group C

P

10 35 ± 3.8

0.9274

77.35 ± 1.38

0.5744

187 ± 18

0.8840

 

Induction time, maintenance time, recovery time, and
mortality rates
Table 2 lists the anesthetic effects of the three treatments. The induction time of group A (sumianxin II + 
pentobarbital) was 7.4 ± 1.1 min. The induction times of group B (ketamine + pentobarbital) and C
(sumianxin + ketamine) were 2–3 min, signi�cantly shorter than that of group A. The maintenance time
of group B was 136 ± 11.4 min, which was signi�cantly different from those of groups A (234 ± 11.4 min)
and C (232 ± 17.8 min). The recovery time of group C was 4 ± 1.0 min, compared with 9 ± 0.6 min in group
A and 10 ± 1.5 min in group B. Five pigs in group A had adverse reactions, such as nausea and vomiting,
and one pig died. In group B, all pigs had adverse reactions, and one pig died. The pigs in group C fared
better and experienced no adverse reactions during the experimental period.

Table 2
Effects of three anesthetic treatments

Methods Induction time (min) Maintain time (min) Recovery time (min) Mortality rates (%)

Group A 7.4 ± 1.1 234 ± 11.4 9 ± 0.6 10

Group B

Group C

P

A vs B

A vs C

B vs C

2.2 ± 0.5

2.4 ± 0.3

0.0040*

P < 0.05*

P < 0.05*

P > 0.05

136 ± 11.4

232 ± 17.8

0.0038*

P < 0.05*

P > 0.05

P < 0.05*

10 ± 1.5

4 ± 1.0

0.0180*

P > 0.05

P < 0.05*

P < 0.05*

10

0
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Heart rate, respiration, body temperature, and mean arterial
pressure
Table 3 presents the heart rate, respiration, body temperature, and mean arterial pressure of the miniature
pigs. The heart rates and respiration of the animals in group C were decreased at T2 (30 min after
operation) and T3 (60 min after operation) compared with groups A and B; there were no signi�cant
differences in heart rates and respiration between groups A and B. In addition, we did not observe any
differences in body temperature or mean arterial pressure between the three treatment groups.



Page 7/11

Table 3
Heart rate, respiration, body temperature, and mean arterial pressure of pigs treated with three different

anesthetics
Parameters Groups T0 T1 T2 T3 T4

Heart rates (times/min) A

B

C

P

A vs B

A vs C

B vs C

83 ± 6

94 ± 11

86 ± 9

0.6479

73 ± 9

70 ± 8

63 ± 9

0.7204

69 ± 5

67 ± 4

46 ± 5

0.0234*

P > 0.05

P < 0.05*

P < 0.05*

75 ± 4

78 ± 3

58 ± 4

0.0177*

P > 0.05

P < 0.05*

P < 0.05*

80 ± 6

83 ± 5

77 ± 6

0.7676

Respiration (times/min) A

B

C

P

27 ± 4

33 ± 7

28 ± 6

0.8956

23 ± 6

22 ± 7

20 ± 5

0.9875

22 ± 4

23 ± 3

11 ± 3

0.0254

20 ± 3

20 ± 4

10 ± 2

0.0136

22 ± 4

24 ± 3

20 ± 5

0.9739

  A vs B     P > 0.05 P > 0.05  

  A vs C     P < 0.05* P < 0.05*  

  B vs C     P < 0.05* P < 0.05*  

Body temperature (℃) A

B

C

P

37.1 ± 
0.7

37.3 ± 
0.9

37.2 ± 
0.6

0.9823

36.1 ± 
0.5

36.6 ± 
0.6

36.2 ± 
0.4

0.7743

36.1 ± 0.8

35.9 ± 0.7

36.0 ± 0.8

0.9834

36.6 ± 0.5

36.8 ± 0.8

36.8 ± 0.6

0.9693

37.0 ± 
0.8

37.1 ± 
0.7

37.2 ± 
0.8

0.9831

Mean arterial pressure
(mmHg)

A

B

C

P

115 ± 6

120 ± 9

112 ± 8

0.7727

95 ± 8

98 ± 7

102 ± 5

0.7707

70 ± 8

78 ± 6

76 ± 9

0.7640

90 ± 7

95 ± 9

98 ± 8

0.7840

98 ± 8

102 ± 5

106 ± 7

0.7168

Discussion
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Usually, anesthetics are administered to large animals intraperitoneally, intravenously, or intramuscularly.
Intraperitoneal injection has the disadvantage of a long induction time, which may cause visceral
damage. Intravenous injection requires high and precise doses. Too great a dose may cause deep
anesthesia, cardiovascular and respiratory depression, and death. Intramuscular injection offers
convenience with accurate dosage control, light pain, fast absorption, and a short induction time;
nonetheless, local muscle spasms can be a problem (9, 10). In the present study, we delivered the
experimental drugs intramuscularly, and all pigs became anesthetized within a few minutes of injection.

Pentobarbital, used in animal experiments, may result in dose-dependent toxicity, and overdose may
cause perioperative cardiac and respiratory depression and a long postoperative recovery time that may
lead to animal death (5, 11). In this study, one pig died in groups A and B when we added pentobarbital
for maintenance during experiment. Clearly, pentobarbital should be used with caution in large animal
experiments. Sumianxin II has high analgesic, sedation, and muscle relaxation properties and a
maintenance time of up to 1.5 h; however, a long induction time makes sumianxin II an inappropriate
choice for large animal experiments (4, 12). Ketamine produces strong analgesic and minimal circulation
effects, but it has the disadvantage of a short maintenance time (13–15). Combination anesthesia offers
balance and avoids the side effects of any one drug, but few studies have been conducted to compare
the anesthesia effects of sumianxin II-pentobarbital, ketamine-pentobarbital, and ketamine-sumianxin II
in miniature pigs. Thus, we selected the individual dosages of sumianxin II, ketamine, and pentobarbital
on the basis of our experience and review of the literature (12, 16, 17). We also �rst selected three
important evaluating indexes, induction, maintenance, and recovery times, to evaluate the anesthetic
effects. Ketamine yielded rapid induction, and sumianxin II produced long maintenance. Pentobarbital
was associated with slow recovery; thus, injection of pigs with ketamine plus sumianxin II would be the
best anesthetic because of short induction and recovery times and a long maintenance time.

Heart rates and respiration are related to anesthesia depth (18, 19). The heart rates and respiration in
group C (ketamine + sumianxin II) were greatly decreased at T2 and T3 compared with those of groups A
and B. In addition, half of the pigs in group A experienced adverse reactions, and all the animals in group
B had adverse reactions. Thus, we speculated that the anesthesia depth in group A and B was shallow
enough to cause adverse reactions. The body temperature of most animals continuously decreased
during the anesthesia process likely due to reduction in metabolic rate, inhibition of the temperature
regulation center, and cessation of skeletal muscle activity (20). The body temperatures in all three
groups declined, and we observed an upward trend in temperature at the end of anesthesia. We also
observed that the three treatment groups had the same trend for inhibition of mean arterial pressure.

In conclusion, we demonstrated that the intramuscular injection of ketamine combined with sumianxin II
is a highly e�cacious anesthesia therapy in miniature pigs. Advantages of this treatment protocol
include short induction and recovery times and long maintenance time. However, we did not investigate
the speci�c mechanisms of action of ketamine and sumianxin II; thus, further investigation is needed to
expand on our �ndings.
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Conclusion
The intramuscular injection of ketamine combined with sumianxin II is a highly e�cacious anesthesia
therapy in miniature pigs. Advantages of this treatment protocol include short induction and recovery
times and long maintenance time.

Abbreviations
Not applicable

Declarations
Ethics Approval and Consent to Participate

All of the animal experimental procedures were approved by the Ethics Committees of Xi’an Jiaotong
University and were executed in accordance with the Guidelines of Animal Care and Use Committee of
Xi’an Jiaotong University.

Consent for Publication

Not Applicable

Availability of data and materials

The datasets generated and/or analysed during the current study are not publicly available due to have
no consent from all authors to share the data but are available from the corresponding author on
reasonable request.

Competing Interests

The Authors declare that no con�ict of interest exists.

Funding

This study was funded by the Natural Science Foundation of Shaanxi Province, China (2019JQ-975). The
roles of the funder are lists as follows: study design, data collection and analysis, and interpretation of
data and manuscript draft.

Authors’ Contributions

This study is a product of the intellectual efforts of the entire team; all members have contributed to
various degrees. The contributions of each author are listed as follows: Mingqing Kou (study design, data
acquisition and analysis, statistical analysis, manuscript draft); Xiaolong Chen (study design, data
acquisition and analysis, statistical analysis, manuscript revision for important intellectual content);



Page 10/11

Minggang Huang (data acquisition and analysis, statistical analysis); Kai Lu (study conception and
design, �nal approval of the article, obtained funding, overall supervision). All authors read and approved
the �nal manuscript.

Acknowledgments

The authors thank AiMi Academic Services (www.aimieditor.com) for English language editing and
review services.

References
1. Hannon JP, Bossone CA, Wade CE. Normal physiological values for conscious pigs used in

biomedical research. Lab Anim Sci. 1990;40(3):293-8.

2. Edmondson MA. Local, Regional, and Spinal Anesthesia in Ruminants. Vet Clin North Am Food Anim
Pract. 2016;32(3):535-52.

3. Xiang L, Tan JW, Huang LJ, Jia L, Liu YQ, Zhao YQ, et al. Inhalation of hydrogen gas reduces liver
injury during major hepatotectomy in swine. World journal of gastroenterology. 2012;18(37):5197-
204.

4. Yu FY, Lu SB, Huang LH, Xu WJ, Peng J, Zhao B, et al. [Mechanisms of autologous chondrocytes
mass transplantation in the repair of cartilage defects of rabbits' knee]. Zhongguo Gu Shang.
2010;23(9):683-7.

5. Goldmann C, Ghofrani A, Hafemann B, Fuchs P, Khorram-Seffat R, A�fy M, et al. Combination
anesthesia with ketamine and pentobarbital: a long-term porcine model. Res Exp Med (Berl).
1999;199(1):35-50.

�. Priest SM, Geisbuhler TP. Injectable sodium pentobarbital: Stability at room temperature. J
Pharmacol Tox Met. 2015;76:38-42.

7. Adams HA. [S-(+)-ketamine. Circulatory interactions during total intravenous anesthesia and
analgesia-sedation]. Anaesthesist. 1997;46(12):1081-7.

�. Worlein JM, Baker K, Bloomsmith M, Coleman K, Koban TL. The Eighth Edition of the Guide for the
Care and Use of Laboratory Animals (2011); Implications for Behavioral Management. Am J
Primatol. 2011;73:98-.

9. Ning ZH, Long S, Zhou YY, Peng ZY, Sun YN, Chen SW, et al. Effect of exposure routes on the
relationships of lethal toxicity to rats from oral, intravenous, intraperitoneal and intramuscular routes.
Regul Toxicol Pharmacol. 2015;73(2):613-9.

10. Horvath P, Beckert S, Struller F, Konigsrainer A, Konigsrainer I. Incidence of leukopenia after
intraperitoneal vs combined intravenous/intraperitoneal chemotherapy in pseudomyxoma peritonei.
World J Gastrointest Pharmacol Ther. 2016;7(3):434-9.

11. Zatroch KK, Knight CG, Reimer JN, Pang DS. Re�nement of intraperitoneal injection of sodium
pentobarbital for euthanasia in laboratory rats (Rattus norvegicus). BMC Vet Res. 2017;13(1):60.



Page 11/11

12. Ya L, Yan Z, ShiWei Q, Na Y, Xi S, Yuehua Q, et al. Vestibular-evoked myogenic potentials recorded
from miniature pigs and rats. J Otol. 2016;11(3):138-43.

13. Sampaio LRL, Cysne FMS, de Almeida JC, Diniz DD, Patrocinio CFV, de Sousa CNS, et al. Advantages
of the Alpha-lipoic Acid Association with Chlorpromazine in a Model of Schizophrenia Induced by
Ketamine in Rats: Behavioral and Oxidative Stress evidences. Neuroscience. 2018;373:72-81.

14. Boschert K, Flecknell PA, Fosse RT, Framstad T, Ganter M, Sjostrand U, et al. Ketamine and its use in
the pig - Recommendations of the consensus meeting on ketamine anaesthesia in pigs, Bergen
1994. Lab Anim. 1996;30(3):209-19.

15. Clark-Price SC, Lascola KM, Carter JE, da Cunha AF, Donaldson LL, Doherty TJ, et al. Assessment of
agreement among diplomates of the American College of Veterinary Anesthesia and Analgesia for
scoring the recovery of horses from anesthesia by use of subjective grading scales and development
of a system for evaluation of the recovery of horses from anesthesia by use of accelerometry. Am J
Vet Res. 2017;78(6):668-76.

1�. Musk GC, Kershaw H, He B. Multiple re�nements to the anaesthetic protocol for laparoscopic
orthotopic kidney auto-transplantation in a pig model. Lab Anim. 2019;53(1):72-8.

17. Przybylska-Gornowicz B, Lewczuk B, Prusik M, Hanuszewska M, Petrusewicz-Kosinska M, Gajecka M,
et al. The Effects of Deoxynivalenol and Zearalenone on the Pig Large Intestine. A Light and Electron
Microscopy Study. Toxins (Basel). 2018;10(4).

1�. Freo U, Ori C. Effects of anesthesia and recovery from ketamine racemate and enantiomers on
regional cerebral glucose metabolism in rats. Anesthesiology. 2004;100(5):1172-8.

19. Gruber RP, Morley B. Ketamine-assisted intravenous sedation with midazolam: bene�ts and potential
problems. Plast Reconstr Surg. 1999;104(6):1823-5; discussion 6-7.

20. Musk GC, Costa RS, Tuke J. Body temperature measurements in pigs during general anaesthesia.
Lab Anim. 2016;50(2):119-24.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Arrivechecklist0826.doc

https://assets.researchsquare.com/files/rs-60512/v1/Arrivechecklist0826.doc

