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Inhalational anesthesia is routinely used in small animal surgery. Selecting a

suitable drug combination is vital since it may negatively a�ect the patient’s

physiological condition.We conducted this study to examine the sparing e�ect

of butorphanol–lidocaine (BUT–LID) and tramadol–lidocaine (TRM–LID) on

sevoflurane’s minimum alveolar concentration (MAC) in 10 healthy mongrel

dogs aged 1–2 years and weighing 11.5 ± 0.8 kg (mean ± SD). Sevoflurane’s

MAC was measured on three separate occasions. The three dog treatment

groups were control (CONT) anesthetized only with sevoflurane, TRM–LID

(TRM, i.v. 1.5mg kg−1, then 1.3mg kg−1 h−1 and LID, i.v. 2mg kg−1, then

3mg kg−1 h−1) or BUT–LID treatment (BUT, i.v. 0.1mg kg−1 then 0.2mg

kg−1 h−1 and LID, i.v. 2mg kg−1, then 3mg kg−1 h−1). We hypothesized that

both TRM–LID and BUT–LID would result in a significant MAC sparing e�ect

in healthy dogs. The TRM–LID treatment resulted in a non-significant MAC

reduction. MAC was lowered significantly in the BUT–LID group (p = 0.009).

The sevoflurane MAC-sparing e�ects of TRM–LID and BUT–LID treatments

were 7.05 ± 22.20 and 19.90 ± 5.91%, respectively, a di�erence that was not

statistically significant (p = 0.13). Bradycardia was observed in the TRM–LID (p

< 0.001) treatment. The esophageal temperature was significantly higher for

the TRM–LID treatment than the CONT (p < 0.001) treatment. No statistically

significant changes were detected between the three groups in fR, Pe
′

CO2,

and MABP. In conclusion, there was a significant sparing e�ect after adding

BUT–LID co-infusion than the control group. No sparing e�ect was noticed

when adding TRM–LID co-infusion. However, no di�erence in theMAC sparing

percentages between the TRM–LID and BUT–LID treatments. The BUT–LID
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co-infusion resulted in a sevoflurane MAC reduction superior to TRM–LID in

addition to minimal cardiorespiratory changes. Both BUT-LID and TRM-LID

may be clinically beneficial to dogs during anesthesia. However, BUT-LID

produced higher sparing e�ect and reduction of sevoflurane MAC value.
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butorphanol, dog, minimum alveolar concentration, sevoflurane, tramadol

Introduction

The minimum alveolar concentration (MAC) is the partial

pressure of a gas that immobilizes 50% of individuals subjected

to a noxious, supramaximal stimulus. MAC measurements are

used to evaluate the potency of an inhaled anesthetic (1). MAC

are related to the sedative, muscular relaxation, and analgesic

effects of drugs and are a useful marker in evaluating how

various drugs demonstrate a sparing effect on anesthetics that

are inhaled.

Sevoflurane is a widely used volatile anesthetic drug (2,

3) with a low blood/gas partition coefficient that induces

anesthesia and recovery rapidly (4). It may result in dose-

dependent complications; in dogs, these complications include

hypotension and impaired cardiac contractility (5, 6). Therefore,

it is important to decrease the amount of inhalational

anesthetic agents used and undesirable cardiorespiratory effects

in sevoflurane anesthesia.

Tramadol has analgesic properties due to its mild µ-

receptor agonist action and the inhibition of serotonin and

norepinephrine uptake in the spinal cord pain pathways (7, 8).

Administration of tramadol to dogs as one i.v. dose at a constant

rate infusion (CRI) may reduce the required percent of inhaled

anesthetics (9–11). Lidocaine, which blocks sodium channels, is

i.v. administered for analgesia during inhalation of anesthesia.

In dogs, it decreases the required doses of isoflurane (12, 13)

and sevoflurane (14, 15). Butorphanol induces mild analgesia

through its action as an agonist at κ-receptors and an antagonist

at µ-receptors (16). Butorphanol administered i.v. may serve as

a perioperative analgesic in dogs (17–19).

Previous studies in dogs have investigated how multimodal

analgesics may provide a sparing effect for inhaled anesthetics

(1, 20–23). However, to the best of our knowledge, no

studies have compared the sparing effects of tramadol–lidocaine

(TRM–LID) and butorphanol–lidocaine (BUT–LID) CRI in

sevoflurane-anesthetized dogs. The main goal of this study

was to evaluate TRM–LID and BUT–LID MAC sparing effect

during sevoflurane use in dogs. We also determined the

cardiorespiratory parameter changes during anesthesia for

each treatment. The present study hypothesized that co-

infusing TRM-LID and BUT-LID would reduce the amount of

sevoflurane required in healthy dogs.

Materials and methods

Study design

This randomized crossover study included 10 female

mongrel dogs aged 1–2 years and weighing 11.5 ± 0.8 kg

(mean ± SD). Food withheld for 12 h and water for 1 h

before the experiment. The results of physical examination,

blood biochemical examination and complete blood counts

indicated that all dogs were healthy. Each dog received one

of three treatments on three occasions with 10-day wash-out

periods. Allocations of dogs to groups was performed through

online free software program (Random Allocation Software).

We blindly determined the MAC for each dog. M.M. was

the person responsible for MAC determination and he didn’t

know the infused analgesic drug used in each occasion. The

Animal Care Committee of King Faisal University (approval no.

KFUREC–ETHICS 59) reviewed and approved this protocol in

correspondence with Saudi Arabianethical codes for studies on

experimental animals.

Anesthetic monitoring

Respiratory gas analyzer was calibrated for sevoflurane

before each experiment. Inhaled sevofluorane was used to

induce anesthesia (Sojourn, Julphar Co., Ltd., KSA) in 100%

oxygen provided by face-mask and orotracheal intubation. After

induction, we maintained anesthesia at 2.5% (FE
′

Sevo) while

the dogs were left laterally recumbent. Mechanical ventilation

that was volume-controlled was initiated with a tidal volume

of 15ml kg−1 and a respiratory rate (f R) of 12 breaths

minute−1 using a time-cycled ventilator (Nuffield Anesthesia

Ventilator Series 200, Penlon, UK). The end-tidal carbon

dioxide pressure (PE
′

CO2) was maintained at 35–40mm Hg

via tidal volume adjustment. The esophageal temperature (T)

was measured by using an oral electronic thermometer probe

within the thoracic esophagus. The temperature was maintained

at 37.5–38.5◦C using a warm air blanket. The following

parameters [electrocardiography (ECG lead 2), T, heart rate

(HR), f R, oxygen saturation (SpO2), mean arterial pressure

(MAP) measured oscillometrically, PE
′

CO2 and FE
′

Sevo.]
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were measured at 5min intervals using a patient monitoring

apparatus (BM7 VET; Bionet, Republic of Korea). Side-stream

capnography and an anesthetic agent monitor were used to

measure PE
′

CO2 and FE
′

Sevo.

MAC assessment

The sevoflurane MAC was measured via the tail clamp

method, described previously (20–23). Towel clamp was used

to induce pressure for 1min around the mid-tail. Positive

result means substantial movement of the head, neck, fore and

hindlimbs of the dog. In case of positive results, the Fe
′

Sevo

was increased by 10%, while in negative results the Fe
′

Sevo

was decreased by 10%. Dog was tested again after 20min of

sevoflurane re-equilibration. SevofluraneMACwas calculated as

the mean of the FE
′

Sevo when the dog showed two successive

negative and positive responses. We calculated the mean MAC

for each dog from triplicate measurements. We also recorded

the time elapsed from the beginning of lateral recumbency until

the end of triplicate MAC measurements. Cardiorespiratory

variables were measured (T, HR, MAP, SpO2, PE
′

CO2, f R) every

5 and 2min before applying of a stimulus.

TRM–LID and BUT–LID treatment
experiments

The MAC of sevoflurane for each dog was measured

whenever they received the control treatment (CONT; lactated

Ringer’s solution, Ringer lactate, Pharmaceutical Solution

Industry, Jeddah, KSA) administered at 5ml kg−1 h−1; TRM–

LID (Tramal Injection, Memphis Co., Ltd., Cairo, Egypt)

administered at a 1.5mg kg−1 loading dose, then 1.3mg kg−1

h−1, and lidocaine (xylocaine 2% for i.v. injection, Astra Zeneca

Pharma India Ltd) loading dose administered at 2mg kg−1,

then 3mg kg−1 h−1 CRI; BUT–LID (Torbugesic Vet, Zoetis,

Belgium) BUT administered at 0.1mg kg−1 i.v., then 0.2mg

kg−1 h−1 and lidocaine, 2mg kg−1 i.v., then 3mg kg−1 h−1).

We administered the loading doses of all analgesics over 1min

intravenously. For CRI, we added each analgesic to lactated

Ringer’s solution, then administered at 5ml kg−1 h−1.

Each dog’s MAC sparing rate was calculated using the

following equation: sevoflurane MAC-sparing rate (%) = MAC

(CONT)-MAC (treatment) / MAC (CONT)× 100%.

Statistical analysis

IBM SPSS 22 software program was used for statistical

analyses. We used the Shapiro-Wilk test to analyse data for

normality. HR, MAP, T, total time of anesthesia and MAC

variables follow normal distribution. While PE
′

CO2 and f R

TABLE 1 Mean ± SD MAC values (%) and degree of sparing e�ect (%) in

control (CONT), tramadol-lidocaine (TRM-LID), butorphanol-lidocaine

(BUT-LID) treatments obtained from 10 female dogs in each treatment.

MAC value (%) Sparing e�ect (%)

CONT 2.4± 0.36‡ N/A

TRM-LID 2.1± 0.53 7.05± 22.20

BUT-LID 1.9± 0.29∗ 19.90± 5.91∗

∗Statistically different from the CONT (p < 0.05). ‡Statistically different from the

BUT-LID (p < 0.05). N/A, Not Available.

SpO2 don’t follow normal distribution so they were transformed

to be normal. Sparing ratio was analyzed by non-parametric

related sample test (Friedmans ANOVA test followed by

Wilcoxon Signed Ranks test). We analyzed differences in

MAC values and all cardiorespiratory variables via a repeated-

measures one-way analysis of variance followed by a post-hoc

test that adjusted p-values using a Bonferroni correction. All data

were expressed as mean ± standard deviation. A p < 0.05 was

statistically significant.

Results

No dogs suffered any complications during the experiment.

The study was conducted over 181 ± 33, 224 ± 50, and 193 ±

35min for CONT, TRM–LID and BUT–LID treatment groups,

respectively. The time required for MAC determination for

TRM–LID was significantly longer than for CONT (p = 0.028)

and for BUT–LID (p= 0.015) treatments.

The sevoflurane MAC sparing ratio was significantly lower

in the BUT–LID group (p = 0.005) than in the CONT

group. There were no statistically significant differences between

CONT and TRM–LID (p = 0.33) or between TRM–LID

and BUT–LID (p = 0.157) treatments (Table 1). However,

significant reduction in MAC value was detected in BUT–

LID group (p = 0.01) than CONT group and there was

no significant variation of MAC value between TRM–LID

and CONT treatments (p = 0.281). There was no significant

difference in MAC values between TRM–LID and BUT–LID

treatments (Figure 1).

The cardiorespiratory variables measured 2min before

applying the noxious stimulus to the dogs in each treatment

showed that the HRs were significantly lower in the TRM–LID

than in the CONT group (p < 0.001). The T values were

significantly higher in the TRM–LID treatment than in CONT

(p < 0.001). Slight hypoexemia was noticed in TRM–LID

treatment than in CONT (p= 0.003). No statistically significant

changes were detected between the three groups for f R,

PE
′

CO2 and MABP. Also, second-degree atrioventricular

block or escaped rhythm were not observed in all

treatments (Table 2).
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FIGURE 1

Mean values of minimum alveolar concentration (MAC) of sevoflurane in control (CONT), tramadol-lidocaine (TRM-LID) and

butrophanol-lidocaine (BUT-LID) treatments in dogs.

Discussion

BUT–LID demonstrated a significant higher sparing effect

than CONT. The cardiorespiratory variables in all treatments

remained within the clinically acceptable range, although HR

was maintained at a lower level in TRM–LID than in CONT and

BUT–LID treatments.

The loading dose and CRI for the TRM, LID, and BUT

treatments used in this study were based on those previously

used in dogs (1, 11, 15). The MAC for the CONT group in the

present study is similar to that observed in previous research

(14, 19, 23, 24), in which the mean MAC value was 2.1–2.4%.

The sevoflurane MAC-sparing effects were (mean ± SD)

7.05 ± 22.20% and 19.90 ± 5.91% for TRM–LID and BUT–

LID infusions, respectively. In a previous study, the observed

sevoflurane MAC-sparing by TRM–LID was 30.1 ± 10.7% (23).

It was observed a lower efficacy for the TRM–LID treatment

in this group. This difference may be due to smaller dose of

tramadol used in the current study (1.3mg kg−1 h−1) while

Thengchaisri and Mahidol (23) used larger dose of tramadol

TABLE 2 Mean ± standard deviation of the cardiorespiratory variables

in control (CONT), tramadol- lidocaine (TRM- LID),

butrophanol-lidocaine (BUT-LID) treatments at MAC determination

2min before applying noxious stimulus obtained from 10 female dogs

in each treatment.

CONT TRM-LID BUT-LID

T (◦C) 37.8± 0.18 38.1± 0.23∗ 37.9± 0.13

HR (beats minute−1) 110.8± 14.6 91.5± 12.1∗ 106.4± 14.9

MAP (mmHg) 74.2± 12.4 75.9± 12.0 73.8± 13.8

SpO2 (%) 98.8± 0.9 98.0± 1.0∗ 98.7± 0.9

PE
′

CO2 (mmHg) 37.4± 1.6 37.9± 1.6 37.3± 1.5

f R (breaths minute−1) 12 12 12

T, esophageal temperature; HR, heart rate; MAP, mean arterial pressure; SpO2 , oxygen

saturation using pulse oximetry; PE
′

CO2 , end-tidal carbon dioxide; fR , respiratory rate.
∗Statistically different from CONT.

(2.6mg kg−1 h−1). Many previous studies have illustrated

different tramadol metabolism in different dog populations

(25–27). These metabolism differences will lead to variable
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clinical efficacy in dogs (28). Also TRM–LID group need

longer time for MAC evaluation (224 ± 50min) due to

differences in tramadol metabolism between dogs (23, 28).

Although no previous studies examined the BUT–LID CRI

sparing effect in dogs, but in one study (29) butorphanol

was administered in bolus doses up to 0.8mg kg−1 i.v. The

authors did not demonstrate alterations in halothane MAC

values. The sparing effect of BUT-LID treatment is significantly

reduced in the current study when compared to CONT

treatment. Previous studies demonstrated a significant decrease

in enfluraneMAC (15± 4%) after administration of 0.3mg kg−1

i.v. butorphanol (30) and isoflurane MAC (20.26 ± 12.91%)

after i.v. butorphanol 0.4mg kg−1 (31). However, no significant

difference in isoflurane concentration was detected between the

CRI of fentanyl (potent analgesic) and the CRI of butorphanol

during unilateral total mammary gland resection in dogs (19).

We did not detect significant differences between the sparing

effect of TRM–LID and BUT–LID treatments. According to our

study, the sparing effect of TRM-LID and BUT-LID treatments

did not differ significantly from one another, likely due to

tramadol’s low affinity for µ-opioid and κ-opioid receptors,

exerting a weak agonist effect (32). In addition, butorphanol is

a mild opioid drug that predominantly acts on the κ receptor

and only partially on the µ receptor (19).

In the current study, BUT–LID provided the greatest

reduction in required sevoflurane and MAC (1.9 ± 0.29), less

than CONT (2.4± 0.36). The TRM–LID combination treatment

resulted in a non-significant reduction in MAC value (2.1 ±

0.53). The study concluded that butorphanol’s effect on MAC

is superior than tramadol. The same results were illustrated

previously as tramadol was associated with smaller changes

in sedation score in dogs than morphine and butorphanol.

This effect may be attributed to tramadol’s low affinity for µ

receptors (33). In dogs, butorphanol doses of 0.2 and 0.4mg

kg−1 were found to reduce the MAC by 15% (34) and 20%

(31), respectively.

Using a multimodal analgesic approach such as

the BUT–LID combination enhanced the sevoflurane

MAC-sparing activity through a synergistic effect, the

interaction of each analgesic’s different mechanisms (20).

We propose that the significant sparing ratio and reduction

of sevoflurane requirements observed in this study may

inform its use in clinical practice in canine, especially

regarding to the undesired effect of excess inhalational

anesthetic agents.

HR was slightly lower in the TRM–LID group than in the

CONT and BUT–LID groups without affecting the mean arterial

blood pressure. In a previous study, researchers observed a

slightly lower heart rate in the tramadol infusion group (88

± 8 bpm) and the tramadol–lidocaine infusion group (89 ±

6 bpm) than in the baseline (23). The moderate HR decreases

we observed in the treatment groups compared to the control

group seem to be due to reduced myocardial contractility.

However, an increased vagal tone may result in bradycardia (35).

Pulmonary depression, such as decreases in f R and SPO2 and

a rise in PE
′

CO2, was not observed in BUT–LID treatments.

This was similarly reported in dogs (33). Slight decrease in

SPO2 was noticed in the TRM–LID than CONT and BUT–LID

treatments, but it was still within clinical acceptable range (10,

36). This characteristic sign (no clinical respiratory depression)

is considered one of the main advantages of using butorphanol

over all other opioids.

The main limitations of the current study include no

measurement of cardiovascular parameters such as invasive

arterial pressure, SVR, and CO. Therefore, investigators could

not comprehensively evaluate the cardiovascular effect of TRM–

LID and BUT–LID co-infusion in dogs anesthetized with

sevoflurane. However, it was clear that the BUT–LID co-infusion

resulted in minimal cardiorespiratory changes with significant

MAC reduction value and significant sparing effect in the dogs

of this study. Furthermore, in the authors’ experiment, they used

clinically normal, healthy female dogs, which may not be the

same as in male dogs or dogs with clinical problems. Another

limitation is that the plasma concentrations of tramadol and

butrophanol were not measured in the current study, so the

pharmacodynamic effects of tramadol and butrophanol could

not be detected. Researchers should keep these limitations in

mind while designing future studies.

Conclusion

This study demonstrated that BUT–LID co-infusion

results in significant sparing effect of MAC requirements

and a notable sevoflurane MAC reduction with minimal

cardiorespiratory changes. It maintains MAP, SPO2,

HR, PE
′

CO2, f R and esophageal temperature within

clinically normal values for healthy mongrel female dogs.

These results may inform improvements in dogs clinical

practice. However, we did not detect any difference in

MAC-sparing percentages between TRM–LID and BUT–

LID treatments. Therefore, more studies are needed to

confirm the present study’s findings and to investigate

cardiorespiratory parameters.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The animal study was reviewed and approved by the Ethics

Committee of King Faisal University.

Frontiers in Veterinary Science 05 frontiersin.org

https://doi.org/10.3389/fvets.2022.1057580
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Marzok et al. 10.3389/fvets.2022.1057580

Author contributions

MM: designed research, performed research, collected data,

analyzed data, and wrote the paper. AA: performed research,

collected data, and analyzed data. MK and HB: analyzed data

and wrote the paper. WE-D: performed research and analyzed

the data. SF: designed research, performed research, collected

data, and analyzed data. All authors revised the paper and

approved submission.

Funding

This work was supported through the Annual Funding track

by the Deanship of Scientific Research, Vice Presidency for

Graduate Studies and Scientific Research, King Faisal University,

Saudi Arabia (Project Number AN000672).

Acknowledgments

The authors would like to acknowledge the

Deanship of Scientific Research, Vice Presidency for

Graduate Studies and Scientific Research, King Faisal

University, Saudi Arabia for the financial support of

this research through the Annual Funding track (Project

Number AN000672).

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Moran-Muñoz R, Ibancovichi JA, Gutierrez-Blanco E, Acevedo-Arcique CM,
Mora JM, Tendillo FJ, et al. Effects of lidocaine, dexmedetomidine or their
combination onminimum alveolar concentration of sevoflurane in dogs. J Vet Med
Sci. (2014) 76:847–53. doi: 10.1292/jvms.13-0407

2. Branson KR, Quandt JE, Martinez EA, Carroll GL, Trim CM, Dodam JR, et al.
A multisite case report on the clinical use of sevoflurane in dogs. J Am Anim Hosp
Assoc. (2001) 37:420–32. doi: 10.5326/15473317-37-5-420

3. Bennett RC, Fancy SP, Walsh CM, Brown AJ, Taylor PM.
Comparison of sevoflurane and isoflurane in dogs anaesthetized for
clinical surgical or diagnostic procedures. J Small Anim Pract. (2008)
49:392–7. doi: 10.1111/j.1748-5827.2008.00586.x

4. Muir WW, Hubbell JA, Bednarski R, Lerche P. Inhalant anesthesia and
inhalant anesthetics. In: Handbook of Veterinary Anesthesia (5th ed). St. Louis:
Elsevier Mosby; MO, USA (2013). p. 163–87.

5. Mutoh T, Nishimura R, Kim HY, Matsunaga S, Sasaki N. Cardiopulmonary
effects of sevoflurane, compared with halothane, enflurane, and isoflurane in dogs.
Am J Vet Res. (1997) 58:885–90.

6. Haitjema H, Cullen L. Clinical experience with sevoflurane in dogs. Aust Vet J.
(2001) 79:339–41. doi: 10.1111/j.1751-0813.2001.tb12008.x

7. Driessen B, Reimann W. Interaction of the central analgesic, tramadol, with
the uptake and release of 5-hydroxytryptamine in the rat brain in vitro. Br J
Pharmacol. (1992) 105:147–51. doi: 10.1111/j.1476-5381.1992.tb14226.x

8. Bamigbade TA, Davidson C, Langford RM, Stamford JA. Actions of tramadol,
its enantiomers and principal metabolite, O-desmethyltramadol, on serotonin (5-
HT) efflux and uptake in the rat dorsal raphe nucleus. Br J Anaesth. (1997)
79:352–6. doi: 10.1093/bja/79.3.352

9. Itami T, Kawase K, Tamaru N, Ishizuka T, Tamura J, Miyoshi K, et al.
Effects of a single bolus intravenous dose of tramadol on minimum alveolar
concentration (MAC) of sevoflurane in dogs. J Vet Med Sci. (2013) 75:613–
8. doi: 10.1292/jvms.12-0208

10. Kim KM, Cheong JT, Park HJ. Effects of medetomidine and tramadol
administration on the minimum alveolar concentration of isoflurane in dogs. J Vet
Clin. (2010) 27:668–73.

11. Seddighi MR, Egger CM, Rohrbach BW, Cox SK, Doherty TJ. Effects of
tramadol on the minimum alveolar concentration of sevoflurane in dogs. Vet
Anaesth Analg. (2009) 36:334–40. doi: 10.1111/j.1467-2995.2009.00468.x

12. Muir WW, Wiese AJ, March PA. Effects of morphine, lidocaine, ketamine,
and morphine-lidocaine, ketamine drug combination on minimum alveolar
concentration in dogs anesthetized with isoflurane. Am J Vet Res. (2003) 64:1155–
60. doi: 10.2460/ajvr.2003.64.1155

13. Valverde A, Doherty TJ, Hernandez WD. Effect of intravenous lidocaine
on isoflurane minimum alveolar concentration in dogs. Vet Anesth Analg. (2004)
31:264–71. doi: 10.1111/j.1467-2995.2004.00165.x

14. Wilson J, Doherty TJ, Egger CM, Fidler A, Cox S, Rohrbach B. Effects
of intravenous lidocaine, ketamine, and the combination on the minimum
alveolar concentration of sevoflurane in dogs. Vet Anaesth Analg. (2008) 35:289–
96. doi: 10.1111/j.1467-2995.2007.00389.x

15. Matsubara LM, Oliva VN, Gabas DT, Oliveira GC, Cassetari ML. Effect
of lidocaine on the minimum alveolar concentration of sevoflurane in dogs. Vet
Anaesth Analg. (2009) 36:407–13. doi: 10.1111/j.1467-2995.2009.00471.x

16. Walsh SL, Chausmer AE, Strain EC, Bigelow GE. Evaluation
of the Mu and Kappa opioid actions of butorphanol in humans
through differential naltrexone blockade. Psychopharmacology. (2008)
196:143–55. doi: 10.1007/s00213-007-0948-z

17. Yamashita K, Ishimura N, Tsuzuki K, Kioke M, Isaka M, Maehera S, et al.
Combination of midazolam and butorphanol as premedication in dogs. Jpn J Vet
Med Assoc. (2001) 54:476–82. doi: 10.12935/jvma1951.54.476

18. Yamashita K, Harada K, Yokoyama T, Tsuzuki K, Maehera S, Seno
T, et al. Combination of droperidol and butrophanol as premedication
for inhalation anesthesia in dogs. Jpn J Vet Med Assoc. (2003) 56:325–
31. doi: 10.12935/jvma1951.56.325

19. Maeda K, Nomura H, Hotta, D, Matsui T, IwaiS, Okano S. Analgesic effect of
continuous rate infusion of butorphanol in unilateral total resection of mammary
tumor in dogs. Arch Vet Sci Med. (2020) 3:22–30. doi: 10.26502/avsm.012

20. Yamashita K, Okano Y, Yamashita M, Umar MA, Kushiro T, Muir WW.
Effects of carprofen and meloxicam with or without butorphanol on the minimum

Frontiers in Veterinary Science 06 frontiersin.org

https://doi.org/10.3389/fvets.2022.1057580
https://doi.org/10.1292/jvms.13-0407
https://doi.org/10.5326/15473317-37-5-420
https://doi.org/10.1111/j.1748-5827.2008.00586.x
https://doi.org/10.1111/j.1751-0813.2001.tb12008.x
https://doi.org/10.1111/j.1476-5381.1992.tb14226.x
https://doi.org/10.1093/bja/79.3.352
https://doi.org/10.1292/jvms.12-0208
https://doi.org/10.1111/j.1467-2995.2009.00468.x
https://doi.org/10.2460/ajvr.2003.64.1155
https://doi.org/10.1111/j.1467-2995.2004.00165.x
https://doi.org/10.1111/j.1467-2995.2007.00389.x
https://doi.org/10.1111/j.1467-2995.2009.00471.x
https://doi.org/10.1007/s00213-007-0948-z
https://doi.org/10.12935/jvma1951.54.476
https://doi.org/10.12935/jvma1951.56.325
https://doi.org/10.26502/avsm.012
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Marzok et al. 10.3389/fvets.2022.1057580

alveolar concentration of sevoflurane in dogs. J Vet Med Sci. (2008) 70:29–
35. doi: 10.1292/jvms.70.29

21. Aguado D, BenitoJ, Gómez de Segura IA. Reduction of the minimum
alveolar concentration of isoflurane in dogs using a constant rate of infusion of
lidocaine-ketamine in combination with either morphine or fentanyl. Vet J. (2011)
189:63–6. doi: 10.1016/j.tvjl.2010.05.029

22. Ebner LS, Lerche P, Bednarski RM, Hubbell JA. Effect of dexmedetomidine,
morphine-lidocaine-ketamine, and dexmedetomidine-morphine-lidocaine-
ketamine constant rate infusions on the minimum alveolar concentration
of isoflurane and bispectral index in dogs. Am J Vet Res. (2013)
74:963–70. doi: 10.2460/ajvr.74.7.963

23. Thengchaisri N, Mahidol C. Evaluating the effects of continuous intravenous
infusions of tramadol and tramadol-lidocaine on sevoflurane minimum alveolar
concentration (MAC) and entropy values in dogs. J Vet Med Sci. (2019) 81:682–
8. doi: 10.1292/jvms.18-0448

24. El-Hawari SF, Oyama N, Koyama Y, Tamura J, Itami T, Sano T, et al.
Sparing effect of tramadol, lidocaine, dexmedetomidine and their combination
on the minimum alveolar concentration of sevoflurane in dogs. J Vet Sci. (2022)
23:e53. doi: 10.4142/jvs.21305

25. KuKanich B, Papich M. Pharmacokinetics of tramadol and the metabolite
O-desmethyltramadol in dogs. J Vet Pharmacol Therap. (2004) 27:239–
46. doi: 10.1111/j.1365-2885.2004.00578.x

26. McMillan CJ, Livingston A, Clark CR, Dowling PM, Taylor SM, Duke
T, et al. Pharmacokinetics of intravenous tramadol in dogs. Can J Vet Res.
(2008) 72:325–31.

27. KuKanich B, Papich M. Pharmacokinetics and antinociceptive effects of
oral tramadol hydrochloride administration in Greyhounds. Am J Vet Res. (2011)
72:256–62. doi: 10.2460/ajvr.72.2.256

28. Delgado C, Bentley E, Hetzel S, Smith LJ. Comparison of carprofen and
tramadol for postoperative analgesia in dogs undergoing enucleation. J Am Vet
Med Assoc. (2014) 245:1375–81. doi: 10.2460/javma.245.12.1375

29. Quandt JE, Raffe MR, Robinson EP. Butorphanol does not reduce the
minimum alveolar concentration of halothane in dogs. Vet Surg. (1994) 23:156–
9. doi: 10.1111/j.1532-950X.1994.tb00462.x

30. Murphy MR, Hug CC. The enflurane sparing effect of
morphine, butorphanol, and nalbuphine. Anesthesiology. (1982)
57:489–92. doi: 10.1097/00000542-198212000-00010

31. Ko JC, Lange DN, Mandsager RE, Payton ME, Bowen C, Kamata
A, et al. Effects of butorphanol and carprofen on the minimal alveolar
concentration of isoflurane in dogs. J Am Vet Med Assoc. (2000) 217:1025–
8. doi: 10.2460/javma.2000.217.1025

32. Vazzana M, Andreani T, Fangueiro J, Faggio C, Silva C, Santini A,
et al. Tramadol hydrochloride: pharmacokinetics, pharmacodynamics,
adverse side effects, co-administration of drugs and new drug delivery
systems. Biomed Pharmacother. (2015) 70:234–8. doi: 10.1016/j.biopha.2015.
01.022

33. Monteiro ER, Junior AR, Quirilos HM, Campagnol D, Quitzan
JG. Comparative study on the sedative effects of morphine, methadone,
butorphanol or tramadol, in combination with acepromazine in dogs.
Vet Anaesth and Analg. (2009) 36:25–33. doi: 10.1111/j.1467-2995.2008.
00424.x

34. Zwijnenberg RJ, del Rio CL, Pollet RA, Muir WW. Effects of perzinfotel on
the minimum alveolar concentration of isoflurane in dogs when administered as a
preanesthetic via various routes or in combination with butorphanol.Am J Vet Res.
(2010) 71:604–9. doi: 10.2460/ajvr.71.6.604

35.Wagner AE. Opioids. In: Gaynor JS,MuirWW, editors.Handbook Veterinary
Pain Management. Mosby, St Louis, USA (2002). p. 164–83.

36. Mahidol C, Niyom S, Thitiyanaporn C, Suprasert A, Thengchaisri N.
Effects of continuous intravenous infusion of morphine and morphine-
tramadol on the minimum alveolar concentration of sevoflurane and
electroencephalographic entropy indices in dogs. Vet Anaesth and Analg.
(2015) 42:182–6. doi: 10.1111/vaa.12185

Frontiers in Veterinary Science 07 frontiersin.org

https://doi.org/10.3389/fvets.2022.1057580
https://doi.org/10.1292/jvms.70.29
https://doi.org/10.1016/j.tvjl.2010.05.029
https://doi.org/10.2460/ajvr.74.7.963
https://doi.org/10.1292/jvms.18-0448
https://doi.org/10.4142/jvs.21305
https://doi.org/10.1111/j.1365-2885.2004.00578.x
https://doi.org/10.2460/ajvr.72.2.256
https://doi.org/10.2460/javma.245.12.1375
https://doi.org/10.1111/j.1532-950X.1994.tb00462.x
https://doi.org/10.1097/00000542-198212000-00010
https://doi.org/10.2460/javma.2000.217.1025
https://doi.org/10.1016/j.biopha.2015.01.022
https://doi.org/10.1111/j.1467-2995.2008.00424.x
https://doi.org/10.2460/ajvr.71.6.604
https://doi.org/10.1111/vaa.12185
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	A randomized crossover study of the effect of butorphanol–lidocaine and tramadol–lidocaine on sevoflurane's minimum alveolar concentration in dogs
	Introduction
	Materials and methods
	Study design
	Anesthetic monitoring
	MAC assessment
	TRM–LID and BUT–LID treatment experiments
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


