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ABSTRACT

Purpose: This study evaluated the DNA damage caused by repeated doses of xylazine-ketamine and medetomidine-ketamine
anesthesia in the liver and kidneys. Methods: In this study, 60 rats were used. The rats were divided into group 1 (xylazine-
ketamine), and group 2 (medetomidine-ketamine), and these anesthetic combinations were administered to the rats at repeated
doses with 30-min intervals. The effects of these anesthetic agents on the tumor necrosis factor-alpha gene for DNA damage were
investigated. Results: According to the gene expression results, it was observed that a single dose of xylazine-ketamine was 2.9-
fold expressed, while first and second repeat doses did not show significant changes in expression levels. However, in the case
of the third repetition, it was observed to be 3.8-fold overexpressed. In the case of medetomidine-ketamine administration, it
was observed that a single-dose application resulted in a 1.04-fold expression, while the first and the third repeat doses showed
a significant down expression. The samples from the second repeat dose administration group were found to have insignificant
levels of expression. Conclusion: This study can contribute to understanding the safe anesthetic combination in research and
operations in which xylazine-ketamine and medetomidine-ketamine combinations are used.
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Introduction

Alpha?2 adrenoreceptor agonists (xylazine, medetomidine, etc.) have a number of advantages over other drugs when
used as a premedication for general anesthesia. These include sedation, anxiolysis, analgesia, inhibition of autonomic
reflex response, decreased anesthetic needs, enhanced intraoperative stability, and facilitation of anesthesia induction.
General anesthetics are agents that can produce reversible unconsciousness, amnesia, analgesia (absence of pain), muscle
relaxation and immobility2 The combination of medetomidine/ketamine and xylazine/ketamine is described as a useful
anesthesia technique frequently used in surgical procedures in animals**. They quickly absorb and are evenly disseminated
throughout the central nervous system after injection. Xylazine, medetomidine, and ketamine are metabolized by the liver and

excreted mainly by the kidney. Therefore, their use is contraindicated in animals with dysfunction of the liver and kidneys®~.

Studies have reported that the half-lives of xylazine and medetomidine are approximately 30 minutes, and the plasma

half-life of ketamine is between 27-68 minutes, depending on the dose®*°.

In case the surgical procedure cannot be completed during the initial phase of anesthesia in animals, maintenance
doses of anesthetic agents such as medetomidine, xylazine, and ketamine are used"'~**. With repeated usage, these agents

can have modest adverse effects, such as increased anxiety-related behaviors, although they are generally well tolerated'.
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The effects of repeated doses of xylazine-ketamine and medetomidine-ketamine anesthesia on DNA damage in the liver and kidney

This study evaluated the DNA damage caused by repeated doses of xylazine-ketamine and medetomidine-ketamine

anesthesia in the liver and kidneys.

Methods

According to the decision of the Sivas Cumhuriyet University Local Ethics Committee for Animal Experiments, dated
October 6, 2022, with the reference number 65202830-050.04.04-674, this study was carried out.

A total of 60 male Wistar albino rats, weighing between 200 and 250 g on average, have been used in the research.

The animals were fed freely and kept in rooms with averaged 26°C and 60% relative humidity, with a 12-h light-dark cycle.

Animal experiments

Sixty rats were used for the study, divided into two main groups:
Group 1: xylazine-ketamine group;
Group 2: medetomidine-ketamine group.

Furthermore, these groups were further divided into subgroups based on dosage frequency.

For anesthesia, group 1 (xylazine-ketamine group) received xylazine hydrochloride (Xylazinbio, Bioveta, Czech Republic)
at the dose of 3 mg/kg and ketamine hydrochloride (Ketasol, Richter Pharma, Interhas, Ankara) at the dose of 90 mg/kg.
Group 2 (medetomidine-ketamine group) received medetomidine (Domitor, Orion Pharma, Zoetis, Istanbul) at the dose
of 0.15 mg/kg and ketamine hydrochloride at the dose of 90 mg/kg. Additionally, repeated doses were administered at the
level of % of the first dose.

The control group was formed to take samples from the liver and kidney based on the half-lives of xylazine, medetomidine
and ketamine. Control group samples were used for both normalization of the expression levels in the groups and

standardization of the expression level that should be at a normal level and to determine the difference.

In group 1 (xylazine-ketamine group), 30 rats were induced into general anesthesia by administering the combination
of xylazine and ketamine. The procedures performed on the rats were as follows:

Control Group: this group consisted of randomly selected six rats. The combination of xylazine and ketamine was

administered to these six rats to induce general anesthesia. As soon as the rats lost reflex responses (1.6-6.3 min'¢), they

were immediately sacrificed.

Single-dose administration: six rats were randomly selected from the remaining 24 rats and received a single dose of

xylazine-ketamine combination. After 30 min of single-dose administration, while the rats were under anesthesia,

exsanguination was performed to sacrifice them.

First repeat dose: six rats were randomly selected from the remaining 18 rats and received two consecutive doses of the

xylazine-ketamine combination with a 30-min interval between doses. After 30 min from the second administration,

while the rats were under anesthesia, exsanguination was performed to sacrifice them;

Second repeat dose: six rats were randomly selected from the remaining 12 rats and received three consecutive

doses of the xylazine-ketamine combination with a 30-min interval between each dose. After 30 min from the third

administration, while the rats were under anesthesia, exsanguination was performed to sacrifice them;

Third repeat dose: the remaining six rats, after random selection from the other groups, received four consecutive

doses of the xylazine-ketamine combination with a 30-min interval between each dose. After 30 min from the fourth

administration, while the rats were under anesthesia, exsanguination was performed to sacrifice them.

In group 2 (medetomidine-ketamine group), 30 rats were subjected to medetomidine-ketamine administration. Similar to
the rats in the group 1, the rats in this group were divided into a control group and four subgroups, and the same procedures

were performed using the medetomidine-ketamine combination.
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After sacrificing all the rats, liver and kidney tissues were collected and stored under appropriate conditions for further
analysis. The samples were sent to the laboratory for the relevant analyses.

RNA isolation

A total of 25 mg of tissue was collected from all experimental group samples, and isolation was performed using the
RNeasy Mini Kit (Qiagen) on the QIAcube device. The protocol of the QIAcube device was optimized for the elution step of
RNA isolation. To homogenize the tissue, 350 pL of RTL buffer was added to the 25-mg tissue and homogenized using the
Tissue Lyser LT (Qiagen). The homogenate was transferred to a 2-mL Eppendorf tube, and 600 pL of 70% ethanol was added
and pipetted. Centrifugation was performed at 8,000 g for 15 sec. Next, 700 pL of RW1 buffer was added, and centrifugation
was performed at 8,000 g for 15 sec. Then, 500-L of RPE buffer was added, and the spin column was centrifuged at 8,000 g
for 15 sec after being moved to a new collecting tube. So, 500-L of buffer was added, the RPE spin column was moved to
a new collecting tube, and the mixture was centrifuged at 8,000 g for 2 min. Finally, 30-L of RNase-free water was added,
and RNA elution was obtained by centrifuging at 8,000 g for 1 min".

cDNA synthesis

All steps of cDNA synthesis were performed on a cold plate at +4 °C. The RT2 First Strand cDNA synthesis kit (Qiagen)
was used for cDNA synthesis. The isolated 1 uL. RNA was equalized to a concentration of 100 ng and brought up to a total
volume of 10 uL. Then, 2 uL of GE buffer was added to the total volume, resulting in a final volume of 12 pL. Subsequently, it
was incubated in a thermal cycler device at 42 °C for 5 min. At the end of the incubation period, 5X reaction bufter (4 pL),
primer (2 pL), and reverse transcriptase mix (2 pL) were added to complete the final volume of 20 pL. The final volume was

then incubated at 42 °C for 15 min, followed by incubation at 95 °C for 5 min in a thermal cycler device'®.

Gene expression analysis

The cDNA products were subjected to real-time polymerase chain reaction (PCR) analysis using the RotorGene Q 9000
device (Qiagen) and RT2 SYBRGreen quantitative PCR (qQPCR) master mix (Qiagen). The B-actin gene was chosen as the
reference gene for gene expression analysis. The tumor necrosis factor (TNF)-a gene was selected as the target gene, and
its sequence data were obtained from the NCBI gene bank to design the primers. The primers used in the study and their

specifications are provided in Table 1.

Table 1 - Primers used in the study and their properties*".

Gene Sequence F bp Sequence R bp tm
B-actin AGG GAA ATC GTG CGT GAC 18 GGA AGA GAG CCT CGG GG 18 55
TNF-a TCCTTC CTG ATC GTG GCA 18 TGA AGA GGA CCT GGG AGT AGA T 22 55

Source: Wang et al.* and Bonefeld et al.””.

PCR mixture was prepared by adding 12.5 uL of SYBRGreen qPCR master mix (Qiagen), 1 pL of forward and reverse
primer each, and 5.5 uL of H,O, bringing the total volume to 20 pL. Then, 5 pL of cDNA was added to the total volume,
resulting in a final volume of 25 pL. The real-time PCR protocol was completed with cycling conditions consisting of
denaturation at 95°C for 30 sec, followed by 45 cycles of 5 sec at 95°C and 30 sec at 55°C.

Statistical analysis

After PCR analysis, gene expression levels were determined using 2AAct -log values based on the ct values.
Normalized values were analyzed using one-way analysis of variance (ANOVA) to determine the significance of differences
between mean values. Duncan’s multiple test and paired data differences test were used to assess the significance of
differences between mean values. Statistical significance was set at p < 0.05%".
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Results
Gene expression analysis

In the study, the B-actin gene was used as a housekeeping gene in the real-time PCR analysis. It was observed that the
automatic threshold value set by the device was 0.03. It was found that all samples had ct values above the threshold value.
The gene expression values of the TNF-a gene were determined using the ct values of the housekeeping gene. The real-time
PCR result for the B-actin gene is shown in Fig. 1.
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Figure 1 - B-actin gene real-time polymerase chain reaction result.

Figure 2 shows the graph representing the TNF-o gene expression levels obtained from the normalization and formulation
of the ct values obtained from the real-time PCR results. The graph displays the fold values and 2AAct -log values, representing

the TNF-a gene expression levels.
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Figure 2 - Real-time polymerase chain reaction result of tumor necrosis factor-a gene.

In accordance with the statistical results of the ct values obtained after PCR analysis, the expression level differences in

line with the application differences obtained for the xylazine-ketamine group are given in Fig. 3.
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Figure 3 - Tumor necrosis factor-o gene expression levels observed from the gene expression analysis for group 1 (xylazine-
ketamine group).

According to the TNF-a gene expression results of the xylazine-ketamine group, it was observed that the expression
level of the control group was normalized to 1. Based on this value, it was found that the single-dose administration resulted
in a 2.9-fold increase in expression. The first and second repeat-dose administrations showed no significant changes in
expression levels, while the third repeat-dose administration resulted in a 3.8-fold overexpression.

Regarding the medetomidine-ketamine group, the expression level differences based on the variations in administration
were depicted in Fig. 4, considering the statistical results of the ct values obtained from the PCR analysis.
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Figure 4 - Tumor necrosis factor-a gene expression levels observed from the gene expression analysis for group 2
(medetomidine-ketamine group).

According to the TNF-a gene expression results of the medetomidine-ketamine group, it was observed that the expression
level of the control group was normalized to 1. Based on this value, it was found that the single-dose administration resulted
in a 1.04-fold increase in expression. First and third repeat-dose administrations showed significant downregulation in
expression levels, while the second repeat-dose administration group exhibited insignificant changes in expression.

A graph illustrating the expression levels that can be observed for both administrations and all groups together is
provided in Fig. 5.
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Figure 5 - Tumor necrosis factor-a gene expression levels observed from the gene expression analysis for group 1 (xylazine-
ketamine) and group 2 (medetomidine-ketamine).
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Discussion

Xylazine, medetomidine and ketamine have an average half-life of approximately 30 min®'®?%. A study conducted by
Gehring et al.”* determined the half-life of ketamine in xylazine-ketamine anesthesia to be approximately 30 min. Xylazine-
ketamine or medetomidine-ketamine mixtures provide anesthesia for approximately 30 min. Half of the initial dose of
anesthetic mixture can be repeated as additional dose if necessary (insufficient sedation, surgical procedure cannot be
completed, etc.)!?". In light of this information, in this study, xylazine-ketamine and medetomidine-ketamine mixtures
were administered as maintenance doses at 30-min intervals after the initial application, and, after these periods, tissue

samples were taken from the liver and kidneys after sacrificing the rats from each group.

Acute liver and kidney injury are primarily caused by inflammation, and systemic inflammatory responses are key players
in the pathophysiology of these injuries. During inflammation, TNF-a is one of the major pro-inflammatory enzymes that
regulate both innate and adaptive immune responses, and high levels of DNA damage increase TNF-a production, leading to the

activation of signaling molecules such as NF-«xB. TNF-a. mRNA expression plays a significant role in liver and kidney damage**->".

It has been reported that the induction of general anesthesia increases the plasma concentration of pro-inflammatory
cytokine TNF-a and induces the release of TNF-a from blood cells®. Mastronardi et al.” observed an increase in TNF-a
levels following the administration of ketamine/acepromazine/xylazine. Rocha et al.* investigated the effects of sevoflurane
and isoflurane on DNA damage in rats and demonstrated that sevoflurane caused higher levels of DNA damage compared
to isoflurane. Leffa et al.* showed that xylazine-ketamine administration resulted in DNA damage in the liver and kidneys
of rats. DoSenovi¢ et al.*> conducted a study on turtles and found that medetomidine-ketamine anesthesia did not cause
DNA damage. Similarly, in this study, it was determined that xylazine-ketamine administration caused higher levels of DNA

damage in the liver and kidneys compared to medetomidine-ketamine administration (Fig. 5).

According to the gene expression results, it was observed that single-dose applications of xylazine and medetomidine
significantly increased the expression levels of genes associated with DNA damage (Figs. 1 and 2). Subsequent first and
second repeat dose administrations did not influence the extent of DNA damage, but the third repeat dose of xylazine
reactivated DNA damage (Figs. 3 and 5). In the case of medetomidine administration, it was observed that, after the initial
application’s damaging effect on DNA, the subsequent administrations caused lower levels of damage or did not induce

damage again after the initial damage (Figs. 4 and 5).

Based on these findings, it can be said that anesthetic substances exhibit their highest level of effect in the body during
the initial applications, but in some anesthetic substances the rate of damage increases with the number of administrations.

Conclusion

In conclusion, both single and repeated dose administrations have shown that medetomidine-ketamine induces less
expression of TNF-o and, consequently, causes less DNA damage in the liver and kidneys of rats compared to the xylazine-
ketamine combination. It is therefore considered that the medetomidine-ketamine combination may be safer than the

xylazine-ketamine combination in long-term operations in which repeated doses may be necessary.

Conflict of interest

Nothing to declare.

Data availability statement
All data sets were generated or analyzed in the current study.

6 Acta Cir Bras. V38. e385723 . 2023



10.

11.

12.

Sancak T

Funding

Nothing to declare.

Acknowledgements

The author thanks to Solver Co., LTD, for laboratory facilities, acquisition of data and statistical analysis.

About the author

Sancak T is DVM, PhD.

References

Cassu RN, Melchert A, Canoa JTB, Oliveira Martins PD. Sedative and clinical effects of the pharmacopuncture with
xylazine in dogs. Acta Cir Bras. 2014;29(1):47-52. https://doi.org/10.1590/50102-86502014000100007

Moody OA, Zhang ER, Vincent KF, Kato R, Melonakos ED, Nehs C]J, Solt K. The Neural Circuits Underlying General
Anesthesia and Sleep. Anesth Analg. 2021;132(5):1254-64. https://doi.org/10.1213/ANE.0000000000005361

M, Keskin A, Aytmirzakizi A, Oztiirk Z. Effects of medetomidine/ketamine and xylazine/ketamine anesthesia and
their reversal by atipamezole on ocular parameters and monitored anesthesia care in cats. Ankara Univ Vet Fak Derg.
2022;69(3):251-7. https://doi.org/10.33988/auv{d.869204

Wang Y, Zhang H, Chen Q, Jiao F, Shi, C, PeiM, Lv], Zhang H, Wang L, Gong Z. TNF-a/HMGBI inflammation signalling
pathway regulates pyroptosis during liver failure and acute kidney injury. Cell Prolif. 2020;53(6):€12829 https://doi.
org/10.1111/cpr.12829

Paddleford RR, Harvey RC. Alpha2 Agonists And Antagonists. Vet Clin North Am Small Anim. 1999;29(3):737-45.
https://doi.org/10.1016/s0195-5616(99)50058-2

Veilleux-Lemieux D, Beaudry E Hélie P, Vachon P. Effects of endotoxemia on the pharmacodynamics and
pharmacokinetics of ketamine and xylazine anesthesia in Sprague-Dawley rats. Vet Med Res. 2012;2012:99-109.
https://doi.org/10.2147/VMRR.S35666

Veilleux-Lemieux D, Castel A, Carrier D, Beaudry F, Vachon P. Pharmacokinetics of ketamine and xylazine in young
and old Sprague-Dawley rats. ] Am Assoc Lab Anim Sci. 2013;52(5):567-70.

Grimsrud KN, Mama KR, Steffey EP, Stanley SD. Pharmacokinetics and pharmacodynamics of intravenous
medetomidine in the horse. Vet Anaesth Analg. 2012;39(1):38-48. https://doi.org/10.1111/j.1467-
2995.2011.00669.x

McDougall SA, Park GI, Ramirez GI, Gomez V, Adame BC, Crawford CA. Sex-dependent changes in ketamine-
induced locomotor activity and ketamine pharmacokinetics in preweanling, adolescent, and adult rats. Eur
Neuropsychopharm. 2019;29(6):740-55. https://doi.org/10.1016/j.euroneuro.2019.03.013

Ayub S, Parnia S, Poddar K, Bachu AK, Sullivan A, Khan AM, Ahmed S, Jain L. Xylazine in the Opioid Epidemic: A
Systematic Review of Case Reports and Clinical Implications. Cureus. 2023;15(3):e36864. https://doi.org/10.7759/
cureus.36864

McInnes K, Jenson MA, Bolt I, Howard P, Lee SP, Macdonald NL, Cox FS. A field test of the anaesthetics, surgical
methods and radio-transmitters required for producing Judas pigs for an eradication programme. N Z J Ecol.
2022;46(3):3492. https://doi.org/10.20417/nzjecol.46.3492

Rosu O, Melega I, Evans AL, Arnemo JM, Kiiker S. Evaluation of medetomidine-ketamine for immobilization of feral
horses in Romania. Front Vet Sci. 2021;8:655217. https://doi.org/10.3389/fvets.2021.655217

Acta Cir Bras. V38. e385723. 2023 7


https://doi.org/10.1590/S0102-86502014000100007
https://doi.org/10.1213/ANE.0000000000005361
https://doi.org/10.33988/auvfd.869204
https://doi.org/10.1111/cpr.12829
https://doi.org/10.1111/cpr.12829
https://doi.org/10.1016/s0195-5616(99)50058-2
https://doi.org/10.2147/VMRR.S35666
https://doi.org/10.1111/j.1467-2995.2011.00669.x
https://doi.org/10.1111/j.1467-2995.2011.00669.x
https://doi.org/10.1016/j.euroneuro.2019.03.013
https://doi.org/10.7759/cureus.36864
https://doi.org/10.7759/cureus.36864
https://doi.org/10.20417/nzjecol.46.3492
https://doi.org/10.3389/fvets.2021.655217

The effects of repeated doses of xylazine-ketamine and medetomidine-ketamine anesthesia on DNA damage in the liver and kidney

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Vullo C, Tambella AM. Meligrana M. Catone G. Analgesic and sedative effects of epidural lidocaine-xylazine in
elective bilateral laparoscopic ovariectomy in standing mule mares. Animals, 2021;11(8):2419. https://doi.org/10.3390/
anil1082419

Wiederkehr A, Barbarossa A, Ringer SK, Jérger FB, Bryner M, Bettschart-Wolfensberger R. 2021. Clinical randomized
comparison of medetomidine and xylazine for isoflurane balanced anesthesia in horses. Front Vet Sci. 2021;8:603695.
https://doi.org/10.3389/fvets.2021.603695

Wang M, Gorelick FS. Ketamine and xylazine effects in murine model of acute pancreatitis. Am J Physiol Gastrointest
Liver Physiol. 2021;320(6):G1111-G1122. https://doi.org/10.1152/ajpgi.00023.2021

Wellington D, Mikaelian I, Singer L. Comparison of Ketamine-Xylazine and Ketamine-Dexmedetomidine Anesthesia
and Intraperitoneal Tolerance in Rats. ] Am Assoc Lab Anim Sci. 2013;52(4):481-7.

Onalan §. Expression differences of stress and immunity genes in rainbow trout (Oncorhynchus mykiss,
Walbaum 1792) with different bacterial fish diseases. Isr ] Aquac - Bamidgeh. 2019;71:1-10. https://doi.
org/10.46989/001¢.20978

Schwartz K, Henzel MK, Ann Richmond M, Zindle JK, Seton JM, Lemmer DP, Alvarado N, Bogie KM. Biomarkers
for recurrent pressure injury risk in persons with spinal cord injury. J Spinal Cord Med. 2020;43(5):696-703. https://
doi.org/10.1080/10790268.2019.1645406

Bonefeld BE, Elfving B. Reference Genes for Normalization: A Study of Rat Brain Tissue. Synapse. 2008;62(4):302-9.
https://doi.org/10.1002/syn.20496

Lei, YX, Lu, Q, Shao C, He CC, Lei ZN, Lian YY. Expression profiles of DNA repair-related genes in rat target
organs under subchronic cadmium exposure. Genet Mol Res. 2015;14(1):515-24. https://doi.org/10.4238/2015.
January.26.5

Onalan §, Cevik M. Investigation of the effects of some phytochemicals on Yersinia ruckeri and antimicrobial
resistance. Braz ] Biol. 2020;80(4):934-42. https://doi.org/10.1590/1519-6984.234969

Kistner SBR, Wapf P, Feige K, Demuth D, Bettschart-Wolfensberger R, Akens MK, Huhtinen M. Pharmacokinetics
and sedative effects of intramuscular medetomidine in domestic sheep. ] Vet Pharmacol Ther. 2003;26(4):271-6.
https://doi.org/10.1046/j.1365-2885.2003.00492.x

Gehring R, Coetzee JE Tarus-Sang ], Apley MD. Pharmacokinetics of ketamine and its metabolite norketamine
administered at a sub-anesthetic dose together with xylazine to calves prior to castration. J Vet Pharmacol Ther.
2008;32(2):124-8. https://doi.org/10.1111/j.1365-2885.2008.01010.x

Weiland LC, Kluge K, Kutter APN, Kronen PW. Clinical evaluation of intranasal medetomidine-ketamine and
medetomidine-S(+)-ketamine for induction of anaesthesia in rabbits in two centres with two different administration
techniques. Vet Anaesth Analg. 2017;44(1):98-105. https://doi.org/10.1111/vaa.12408

Lee YM, Song BC, Yeum K]J. Impact of Volatile Anesthetics on Oxidative Stress and Inflammation. BioMed Res Int.
2015;2015:242709. https://doi.org/10.1155/2015/242709

Matt S, Hofmann TG. The DNA damage-induced cell death response: a roadmap to kill cancer cells. Cell. Mol Life Sci.
2016;73:2829-50. https://doi.org/10.1007/s00018-016-2130-4

Yousef MI, Hussien HM. Cisplatin-induced renal toxicity via tumor necrosis factor-a, interleukin 6, tumor suppressor
P53, DNA damage, xanthine oxidase, histological changes, oxidative stress and nitric oxide in rats: protective effect of
ginseng. FCT. 2015;78:17-25. https://doi.org/10.1016/j.fct.2015.01.014

Tsugita K, Hirose M, Murata E. General anaesthesia and TrkA mRNA in peripheral blood mononuclear cells. Eur J
Anaesthesiol. 2008;25(12):1032-3. https://doi.org/10.1017/50265021508004766

Mastronardi, CA, Yu, WH, McCann SM. Comparisons of the effects of anesthesia and stress on release of tumor
necrosis factor-a, leptin, and nitric oxide in adult male rats. Exp Biol Med. 2001;226(4):296-300. https://doi.
org/10.1177/153537020122600405

Acta Cir Bras. V38. e385723. 2023


https://doi.org/10.3390/ani11082419
https://doi.org/10.3390/ani11082419
https://doi.org/10.3389/fvets.2021.603695
https://doi.org/10.1152/ajpgi.00023.2021
https://doi.org/10.46989/001c.20978
https://doi.org/10.46989/001c.20978
https://doi.org/10.1080/10790268.2019.1645406
https://doi.org/10.1080/10790268.2019.1645406
https://doi.org/10.1002/syn.20496
https://doi.org/10.4238/2015.January.26.5
https://doi.org/10.4238/2015.January.26.5
https://doi.org/10.1590/1519-6984.234969
https://doi.org/10.1046/j.1365-2885.2003.00492.x
https://doi.org/10.1111/j.1365-2885.2008.01010.x
https://doi.org/10.1111/vaa.12408
https://doi.org/10.1155/2015/242709
https://doi.org/10.1007/s00018-016-2130-4
https://doi.org/10.1016/j.fct.2015.01.014
https://doi.org/10.1017/S0265021508004766
https://doi.org/10.1177/153537020122600405
https://doi.org/10.1177/153537020122600405

Sancak T

30. Rocha TL, Dias-Junior CA, Possomato-Vieira JS, Gongalves-Rizzi VH, Nogueira FR, de Souza KM, Braz LG, Braz
MG. Sevoflurane induces DNA damage whereas isoflurane leads to higher antioxidative status in anesthetized rats.
Biomed Res Int. 2015;2015:264971. https://doi.org/10.1155/2015/264971

31. Leffa DD, Bristot BN, Damiani AP, Borges GD, Daumann F, Zambon GM, Fagundes GE, de Andrade VM. Anesthetic
ketamine-induced DNA damage in different cell types in vivo. Mol Neurobiol. 2016;53:5575-81. https://doi.
org/10.1007/s12035-015-9476-8

32. Dosenovi¢ M, Radakovi¢ M, Vuéicevi¢ M, Vejnovi¢ B, Vasiljevi¢ M, Marinkovi¢ D, Stanimirovi¢ Z. Evaluation of the
effects of two anaesthetic protocols on oxidative statusand DNA damage in red-eared sliders (Trachemys scripta elegans)
undergoing endoscopic coeliotomy. Acta Vet Hung. 2021;68(4):337-44. https://doi.org/10.1556/004.2020.00058

Acta Cir Bras. V38. e385723. 2023 9


https://doi.org/10.1155/2015/264971
https://doi.org/10.1007/s12035-015-9476-8
https://doi.org/10.1007/s12035-015-9476-8
https://doi.org/10.1556/004.2020.00058

