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題 目：Effects of medetomidine, midazolam, ketamine and alfaxalone on stress-related neuroendocrine, 
metabolic and cardiovascular responses in isoflurane-anesthetized cats undergoing surgery and 
their antagonism by potential antagonists

ネコにおけるイソフルラン麻酔と手術時のストレス関連性神経内分泌、代謝および循(
環器反応に及ぼすメデトミジン、ミダゾラム、ケタミンおよびアルファキサロンの影

響と拮抗薬の効果) 

論文要旨：A combination of an α2-adrenoceptor agonist medetomidine (Me) with midazolam (Mi) 
and/or ketamine (Ke) produces good analgesia and anesthesia in cats. Alfaxalone (Af) is a newly developed 
anesthetic that is effective for cats. This agent compared to propofol produces more adverse events such as 
ataxia and muscular tremors. Stressors such as excitement, pain and anesthesia induce hormonal and 
metabolic changes that are characterized by increases in blood levels of cortisol, catecholamines, glucose 
and non-esterified fatty acids (NEFA) and a decrease in insulin level. Actions mediated by α2-adrenoceptors 
are coordinated with these events. Atipamezole (Ati), flumazenil (Flu) and 4-aminopyridine (Ap) 
completely or partially antagonize the effects of medetomidine + midazolam (MM) + ketamine (MMK) in 
cats. The use of antagonists may be advantageous to post-surgical recovery if the sympathoadrenal system 
is adequately but not excessively activated. This study aimed to investigate the effects of pretreatments with 
Me, Mi, Ke and Af alone and in combinations, on stress-related neurohormonal, metabolic and 
cardiovascular responses in isoflurane-anesthetized cats undergoing surgery, and their antagonism by 
potential antagonists. This study was designed to assess stress responses during perioperative stages. 

In chapter 1, the effects of pretreatments with Me, Mi and Ke alone and in combinations on 
stress-related neurohormonal and metabolic responses were evaluated in isoflurane-anesthetized cats 
undergoing ovariohysterectomy or castration. In both surgeries, the cats were divided into seven groups: 
non-treatment (control), Me (50 µg/kg), Mi (0.5 mg/kg), Ke (5 mg/kg), MM, Me + Ke and MMK 
administered intramuscularly. Plasma adrenaline and noradrenaline decreased during isoflurane anesthesia 
in all groups. Plasma cortisol increased during anesthesia and at early-recovery in non-Me-treated groups, 
whereas it decreased in Me-treated groups in both surgeries. Plasma insulin and NEFA decreased and 
glucose increased during anesthesia in all groups, but hyperglycemia and the decrease in NEFA were 
greater in Me-treated groups. These results indicated that in isoflurane-anesthetized cats undergoing surgery, 
premedication with Me alone and in combinations is useful for reducing perioperative stress-related 
increase in cortisol and catecholamines except for hyperglycemia. 

In chapter 2, the effects of pretreatments with Af alone and in combinations with Me and Mi, on 
stress-related neurohormonal and metabolic responses were investigated in isoflurane-anesthetized cats 
undergoing ovariohysterectomy or castration. In both surgeries, the cats were divided into six groups: Af 
intravenously (IV); Af intramuscularly (IM); Me IM + Af IV; Me IM + Af IM; MM IM + Af IV; and MM 
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IM + Af IM. Dosages of Af, Me and Mi were 5 mg/kg, 50 µg/kg and 0.5 mg/kg, respectively. Plasma 
adrenaline and noradrenaline decreased during isoflurane anesthesia in cats premediated with Af alone and 
in combination with Me, except for MM + Af IM. Treatment with MM + Af prevented an excessive 
decrease in catecholamine during anesthesia. Combinations of Me or MM with Af suppressed an excessive 
increase in postoperative plasma cortisol in ovariohysterectomized cats. The addition of Me or MM to Af 
facilitated hyperglycemia during anesthesia. Pretreatments with Me or MM combined with Af, compared to 
Af IV, greatly reduced pre- and/or postoperative NEFA concentrations. The addition of Me or MM to Af 
improved the quality of recovery from anesthesia. The results indicated that pretreatments with Me or MM 
combined with Af are useful for preventing stress responses except for hyperglycemia during isoflurane 
anesthesia and surgery, and for improving recovery quality in cats. 

In chapter 3, the post-operative effects of Ati and Flu on stress-related neurohormonal and metabolic 
responses were evaluated in isoflurane-anesthetized cats premedicated with MMK and undergoing 
ovariohysterectomy or castration. All cats were treated with 50 µg/kg Me and 0.5 mg/kg Mi, followed by 5 
mg/kg Ke IM, and maintained under isoflurane anesthesia. After surgery, the cats were divided into nine 
groups: saline IM (control), 50 µg/kg Flu IM or IV, 100 µg/kg Ati IM or IV, 200 µg/kg Ati IM, 100 µg/kg 
Ati + 50 µg/kg Flu IM or IV, and 200 µg/kg Ati + 50 µg/kg Flu IM. Ati IV rapidly reversed the decreased 
catecholamine and cortisol concentrations during MMK–isoflurane anesthesia in ovariohysterectomized 
cats, and tended to rapidly reverse hyperglycemia and the decrease of NEFA. Compared to IM, the IV 
administration of Ati alone and Ati + Flu induced more rapid recovery from anesthesia. Compared to Ati 
alone, Ati + Flu combination improved the quality of recovery. The results showed that Ati IV is effective 
for rapidly reversing hormonal and metabolic changes in MMK-isoflurane anesthetized cats. Ati + Flu IM 
aids in rapid recovery without largely altering post-operative hormonal and metabolic changes. 

In chapter 4, the effects of Ati, Flu and Ap, both alone and in combinations, on changes in arterial 
blood pressure and heart rate induced by MMK were examined under isoflurane anesthesia with controlled 
ventilation in healthy cats. Under isoflurane anesthesia, cats were administered Me (50 µg/kg) and Mi (0.5 
mg/kg), followed 10 minutes later by Ke (10 mg/kg) IM. Subsequently, the cats received IV injection with 
physiological saline solution (control), or one of seven variations of drugs, alone or in combination: Ati (0.2 
mg/kg), Flu (0.1 mg/kg), Ap (0.5 mg/kg), Ati + Flu, Flu + Ap, Ati + Ap, and Ati + Flu + Ap. All antagonists, 
alone and in combination, did not significantly alter the bradycardia induced by MMK. Flu, Ap and Flu 
+Ap did not significantly alter the increase in blood pressures induced by MMK. Meanwhile, Ati alone or 
in combination reversed the increase in blood pressures induced by MMK but transiently caused excessive 
hypotension. Ati alone or in combination is effective for antagonizing hypertension induced by MMK; 
however, attention should be paid to temporary hypotension in cats anesthetized with isoflurane. 

In conclusion, pretreatments with Me alone and in combinations with Mi, Ke or Af are useful for the 
prevention of stress-related hormonal and metabolic responses, other than hyperglycemia, during isoflurane 
anesthesia and surgery in feline practice. This study demonstrated that differences in the route and timing of 
Ati and Flu administration produce different effects on postoperative hormonal and metabolic changes 
induced by MMK-isoflurane anesthesia and surgery. This study also revealed that the IV use of Ati alone 
and in combination is effective for antagonizing hypertension induced by MMK in isoflurane-anesthetized 
cats but should be monitored closely due to the risk of temporary hypotension.  






