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Abstract 

 

Amis: The study's objective evaluated the anesthesia produced by varying concentrations of mid-

azolam and ketamine on hematological and clinical parameters. 

Methods: Twenty mature local breed rabbits, both sexes, were randomly categorized into two 

groups and with intramuscular injections of midazolam (1 mg/kg BW) and ketamine (30 mg/kg 
BW) in the first group, and midazolam (3 mg/kg BW) and ketamine (30 mg/kg BW) in the second.  

They clinically evaluated for 120 minutes, 15-minute intervals starting at zero minutes before to 

anesthesia. In addition to body temperature, heart rate, respiration rate, analgesia, and muscle re-
laxation, further variables were also taken into explanation, including the phases of anesthesia (in-

duction of anesthesia, surgical anesthesia, and recovery period). 

Results After anesthesia, the clinical respiratory parameters of both groups showed significant dif-
ferences at the P0.05 level between the evaluation points in the second group and the zero time 

group. Furthermore, with a significant difference in both groups, a slight drop in rectal body tem-

perature at 30, 45, and 60 minutes after anesthesia. In all groups, there were significant variations 

in heart rate between zero and 60 and 75 minutes, but not between zero and five minutes. In the 
categories of RBCs, WBC, HB, and PCV, hematological tests indicated only modest variance with 

no significant changes; only WBCs after a minute shown a mildly substantial rise concerning con-

trol levels. 
Conclusion: In the present study, midazolam and ketamine were combined to provide a clinically 

effective general anesthetic. Both groups recovered quickly and easily, however it seemed that the 

second group have more time to recover from the anesthesia than the first group required. During 
induction, there was no apnea or nervousness. 

Key word: General anesthesia, Midazolam, Ketamine, Rabbits 

 
 

 

How to cite this article  
Khalaf, F. H., R. M. Hussein and A. H. Alzeheri (2024). "Comparative Evaluation of Tow Doses of Midazolam Combi-
nation with Ketamine as General Anesthesia in rabbits." Diyala Journal for Veterinary Sciences 2(1). 

 
 

 



 

55 

 

Diyala Journal for Veterinary sciences 

Open Access Journal Published by College of Veterinary Medicine  

University of Diyala, Iraq 

P-ISSN: 2410-8863 

 E-ISSN:2958-6178 

Vol. 2, NO. 1, March 2024 

Introduction  
  For experimental procedures, including 

mild and short-term handlings, laboratory an-

imals may need to be restrained using chem-
ical or physical substances (1). When han-

dled, rabbits can easily get stressed. So, if the 

rabbit was already critically ill or debilitated 
before the restriction was placed, a protracted 

period of frequent, difficult or aggressive 

handling might rapidly result in a worsening 

of its clinical state. Furthermore, if a rabbit is 
handled incorrectly and tries to flee by kick-

ing or fighting vigorously, this might cause 

significant injuries such vertebral fractures, 
subluxations, and lasting damage to the spi-

nal cord (2). For the rabbits to remain healthy, 

proper management is consequently neces-
sary. The use of sedatives or anesthetic drugs 

may be helpful to enable the safe conduct of 

medical procedures such as blood collection, 

IV catheter setup, radiography, and dental ex-
aminations. Rabbits behave differently and 

are challenging to sedate (3). Analgesia and 

anesthesia (A&A) are two of the key ele-
ments of many procedures performed on la-

boratory animals. However, evidence sug-

gests that a sizable percentage of study con-
clusions either misrepresent or use A&A 

techniques (4). This species' high metabolism 

and small size contribute to its high death 

rate. Gut stasis during and after anesthesia 
can be caused by rabbits' propensity for fer-

mentation in their hindguts (5). The effects of 

various anesthetic drugs in rabbits have been 
investigated by several studies; however, ket-

amine-based combinations for rabbit 

anesthesia seem to be becoming more and 
more common due to the drug's safety and 

potent analgesic properties (4, 6). 

In both laboratory and animal settings, keta-

mine is the most widely used injectable anes-
thetic (7). The fact that ketamine acts effec-

tively regardless of how it is given. Lower 

dosages may be utilised for sedation and im-
mobilization during non-surgical procedures. 

Like in other animal species, ketamine is 

used in together with pharmaceuticals such as 
benzodiazepines (diazepam or midazolam) 

and/or an alpha-2 adrenergic agonist 

(xylazine or medetomidine) to enhance the 

anesthetic efficacy of the dissociative agent, 
improve muscle relaxation, and reduce the 

dosage (8). Increased analgesia and helpful 

muscle relaxation (9). The use of midazolam 
in veterinary anesthesia is gradually replac-

ing that of diazepam because of its superior 

water solubility, more potent hypnotic activ-
ity, and shorter half-life (10). The amount of 

drug use varies much more among study find-

ings. As an instance, although a number of 

authors (11, 12) use of 1 mg/kg BW, other re-
searchers (13) and (14) use 3 mg/kg BW of 

midazolam. In order to determine which of 

the two dosages was more suitable; the 

study's objectives assessed the effects of 

anesthesia produced by varying concen-

trations of ketamine and midazolam on he-

matological and clinical parameters. 

 

 

 
 

 

Materials and Methods 

In this research, twenty both-sexed adult rab-

bits aged 8 to 10 months weighing 1.50 0.25 

kg were used. Randomly, they were divided 
into two groups (A and B) of ten rabbits each. 

The rabbits were housed in controlled condi-

tions and fed green hay in addition to a typi-
cal commercial pellet diet that included all 

necessary minerals and vitamins. They were 

kept in the college of veterinary medicine's 

animal house in Diyala, Iraq. There was 

unlimited access to food and water. Two 
weeks of acclimatization accompanied a test 

for the animals. Each rabbit was weighed and 

received a clinical examination for behavior, 
respiration, and cardiovascular factors at the 

day of the experiment. Two doses of midazo-

lam (Sun Pharmaceutical Industries Ltd., In-
dia), were given as 1 mg/kg of body weight, 

and ketamine 30 mg/kg BW (10 g in 50 ml, 

Fabrique par pharmaceuticals, Holland) in 

first group(11) and 3 mg/kg of body weight, 
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and ketamine 30 mg/kg BW. in second group 
(14). The two groups were evaluate over a 

120 minutes at intervals of 15 minutes, with 

adequate muscle relaxation and stable base-

line cardiovascular indicators. 
Total erythrocyte counts, total leukocyte 

counts (TLC), differential leukocyte counts, 

haemoglobin (Hb), packed cell volume 

(PCV), and erythrocyte sedimentation rate 
were measured in blood samples obtained 

with EDTA before anesthesia as a control and 

after 1hr, 2hrs, and 24 hours. 

Haematological studies were subjecte to two-
way analysis of variance (ANOVA) using 

data observation (15). 

 
Result  

This method's combination of midazolam 

and ketamine created a general anesthetic 

that was clinically effective. In groups A and 

B, the righting reflex subsided after 3.2 ± 

1.00 and 2.0 ± 0.87 minutes, respectively. 

This combination produced anesthesia in 

group A in 50.3 ± 4. 68 minutes, and in group 

B in 61.57 ± 5.40 minutes. There were no 

convulsions or spasms during recovery.The 

recovery phase lasted from the moment the 

anesthesia was stopped, for around 19.0 ± 

1.83 minutes in the first group and 28.0 ± 3.4 

minutes in the second group, during which 

the animal stayed in a lateral recumbent 

position until returning to a sternal position 

(Table 1). A major drop in heart rate was 

observed at 15, 30, 45, and 60 minutes in 

group A when compared to other periods, 

while a significant decrease was observed at 

all times when compared to zero minutes in 

group B. Other than these notable exceptions, 

the changes in the animals' heart rates were 

not statistically significant. When anesthesia 

was administered, the temperature dropped 

markedly at the P0.05 level. It then continued 

to decline for a further 75 minutes before 

rising for an additional 120 minutes, reaching 

below normal values in both groups. At the 

P0.05 level, there was a substantial reduction 

in the clinical respiratory parameters of both 

groups following anesthesia with significant 

at the P0.05 level in second group among 

peroid of examination in compare to zero 

time. (Table 2). 

 

 

Table -2. Clinical prameters of the rabbits in the two treated groups 

Prameter Group A Group B 

Induction time/min 3.2 ± 1.00 2.0± 0.87  

Anesthetic time/min 50.3 ± 4. 68 61.57 ± 5.40 

Recovery time/min 19.0 ± 1.83 28.0 ± 3.4 
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Table -2.  Clinical variables for the two treated groups of rabbits  

 

Values are Mean ± SE. a. Means significance in comparison with 0 hour, significance at P < 0.05,  

A. Means significance in comparison between groups (1mg and 3mg of Midazolam groups), signifi-

cance at P < 0.05. 

There were no notable changes between the 

groups that received dosages of 1 mg and 3 

mg of midazolam from time zero to time one 
hour, as determined by the total erythrocyte 

count results of the current study. As for the 

hemoglobin results, they showed no 

significant difference between the two 
concentrations (1 mg and 3 mg of 

midazolam). However, the treatment group 

receiving 1 mg of midazolam showed a 
significant difference at time 24 hours 

compared to time 2 hours after starting 

anesthesia, and at time 1 hours compared to 
time zero at the initiate of anesthesia, 

followed by a significant increase at time 2 

and 24 hours.       

  For the A group (1 mg Midazolam) the 
PCV% results showed a significant decrease 

at time 24 hours compared to time zero, 1 and 

2 hours from the start of anesthesia, while for 
the 3 mg Midazolam group, the results 

showed a significant decrease at time 1 and 2 

hours compared to time zero at the start of 

anesthesia, followed by a significant increase 
at time 24 hours compared to 1 and 2 hours. 

Furthermore, compared to the group treated 

with 1 mg, the results indicate a significant 

decrease in the group administered with 3 mg 

at times 1, 2, and 24 hours.. 

For the A (1 mg Midazolam) group, the 
PCV% results showed a significant decrease 

at time 24 hours compared to time zero, 1 and 

2 hours from the start of anesthesia, while for 

the 3 mg Midazolam group, the results 
showed a significant decrease at time 1 and 2 

hours compared to time zero at the start of 

anesthesia, followed by a significant increase 
at time 24 hours compared to 1 and 2 hours. 

Furthermore, compared to the group which 

received 1 mg, the results indicate a 
significant decrease in the group 

administered with 3 mg at times 1, 2, and 24 

hours. 

 The MCH results of the 1 mg Midazolam 
group revealed a significant increase at time 

2 hours in comparison to zero time, a 

significant decrease at time 24 hours in 
comparison to 2 hours at the beginning of 

anesthesia, and a significant decrease 

between groups in the 3 mg Midazolam 

group in comparison with the 1 mg 
Midazolam group at time 1 hour. In  

 

 

Prameter 
Concen-

tration  

Time 

Zero time 15 min 30 min 45 min 60 min 75 min 90 min 120 min 

Tempera

ture  

1mg  38.8± 0.16 38.36± 0.19 37.7± 
0.13A 

37.54±0
.22A 

37.7±0.
27A 

38.48± 
0.27A 

38.48  
±0.26a 

38.55±.
0.46a 

3mg  38.86±0.32

A 38.48 38.04 37.74 37.6 37.86 38.02 38.02 
 

38.48±0.27A 38.48 38.04 37.74 37.6 37.86 38.02 38.02 
 

38.04±0.25 38.48 38.04 37.74 37.6  37.86 38.02 38.02 
 

37.74±0

.29A 

37.6±0.

31A 

37.86±0

.28A 

38.02±

0.35 

38.026±

0.39 

Heart 

rate 

beat/min 

1mg   233.2±4.09 217.6±23.5a 166±26.
74a 

146±25.
73a 

140.6±
20.76a 

147±15.
69a 

160±1
9.27a 

169.4±2
0.56a 

3mg   191.6±19.44A 177.2±14.58
aA 

166±18.
91a 

145.6±1
6.54a 

139.4±
17.11a 

153.2±1
3.93a 

154.2±
20.52a 

163.4±2
2.36a 

Respirato
ry 
rate/min 

1mg  162.4±20.38 43.2±5.82a 34±2.12
a 

45.2±6.
61a 

71.4±9.
85a 

85.2±12
.36a 

87.8±1
4.59a 

122.8±5
.81a 

3mg  102.8±9.34A 108±16.86A 77.6±24
aA 

57.2±11
.54aA 

64.4±1
7.18a 

65.2±16
.36aA 

76±16
a 

81.6±16
.17aA 
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comparison to the 3mg Midazolam group at 
zero and one hour, the results of the total 

white blood cell count at 24 hours revealed a 

substantial increase (Table 2). 

 

 

 

 

 

 

 

 
 

 

Table -3.  Hematological Prameters Of The Rabbits In The Two Treated Groups. 

Prameter 
Concen-
tration 

Time 

Zero Control 1Hr 2 Hrs 24 Hrs 

RBC X106 ml 
1mg  5.20±0.66 4.80±0.63 4.64±0.39 4.75±0.33 

3mg  4.83±0.47 4.45±0.39 4.01±0.12 4.70±0.23 

Hb G/DL 
1mg  11.68±0.67 11.42±0.52 12.88±1.42 10.76±0.42c 

3mg  10.44±0.88 8.32±0.61aA 10.2±1.68b 10.3±1.26b 

PCV % 
1mg  34.8±1.85 34±1.34 33.4±1.50 31.8±1.35abc 

3mg  33.6±1.77 24.6±1.80aA 24.6±1.80aA 33.4±3.61bcA 

MCV/FL 
1mg  72.13±10.53 78.08±12.31 79.92±3.44 67.71±3.33abc 

3mg 69.93±3.66 55.81±2.87aA 85.40±14.86ab 71.33±7.64b 

MCHC/FL 
1mg 33.54±0.40 33.55±0.45 34.02±0.32 34.84±0.93 

3mg 34.28±1.02 34.97±1.26 41.70±0,62abA 40.08±4.15abA 

MCH/PG 
1mg 24.20±3.59 25.33±3.95 27.37±1.11a 22.92±1.14c 

3mg 24.78±1.92 18.85±0.86aA 29.31±4.94ab 24.11±3.64bc 

WBCX10 3 /ML 
1mg 7980±572 6920±715 7160±1080 8980±639A 

3mg 7140±775 6050±596 8990±1137 9010±654ab 

Values are Mean ± SE. a. Means significance in comparison with 0 hour, b. In comparison with 1hour 

, c. In comparison with 2nd hour,  significance at P < 0.05, A. Means significance in comparison between 

groups(1mg and 3mg of Midazolam groups), significance at P < 0.05. 

 

 

Discussion 

     

Balance anesthesia is achieved by 

combining many drugs in low doses, 

which leads to a comfortable induction 

and recovery with little adverse effects. 

Using a combination of drugs with 

different mechanisms of action, as 

opposed to single ones, improves the 

analgesic efficacy through synergistic 

effects without increasing dosage and 

with minimum adverse effects (16,17). 

Ketamine use as an anesthetic typically 

has serious adverse effects, including 

severe recovery in most species and 

skeletal muscular stiffness (18). Several 

injectable agents have been administered 

to rabbits, including ketamine, which is 

widely used in veterinary and human 

medicine to induce anesthesia for surgical 

procedures. Ketamine is effective by 

blocking the N-methyl Daspartate 

receptor in the central nervous system 

(CNS), which causes the CNS to become 
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less active and decreases the amount of 

An increase in calcium entering the 

neuron. But when given to rabbits as the 

only anesthetic, it usually results in 

contractions of the skeletal muscles, 

inadequate analgesic reflex reactions, and 

an intense recovery from anesthesia  (16). 

We used midazolam, an effective GABA 

agonist drug, to increase the flow of 

potassium ions into the cell and 

counterbalance the negative effects of 

ketamine by depressing the brain and 

producing sedative and hypnotic effects 

(19). 

In both groups, the heart rate decreased 

significantly between 15 and 90 minutes 

after injection and then returned to 

normal. These findings were consistent 

with those of studies (14, 20) which 

found that ketamine alone caused 

hyperactivity of cardiopulmonary 

functions due to its ability to stimulate the 

central sympathetic outflow, which raises 

heart and respiratory rates. Ketamine 

must be used in conjunction with muscle 

relaxants and analgesics, such as xylazine 

and midazolam, to mitigate these adverse 

effects because xylazine has two modes 

of action: first, it binds to pre-ganglionic 

alpha-2 receptors with affinity, which 

reduces catecholamine release at nerve 

ending(21). While midazolam can cause 

respiratory depression, and ketamine can 

cause dysphoric symptoms (such as 

irritation, depression). There are less 

adverse effects, memory loss, and quicker 

analgesia when midazolam and ketamine 

are combined (22; 23). When high-dose 

midazolam is added, oxygen desaturation 

may worsen (24). More ketamine dosages 

are therefore recommended. The 

prevalence of oxygen desaturation in 

some earlier investigations using 

ketamine and midazolam ranged from 

4.8% to 12%. 

the clinical study revealed that the 

lowered body temperature was statistically 

significant. The anesthetics' inhibition of the 
thermoregulation center is what causes the 

reduction in body temperature that was seen 

in the experimental groups in 45 minutes 
after the anesthetic was applied. 

Hypothermia developed as a result of both 

the ambient temperature and increasing 

vasodilatation (13, 17, 25). 
     The results of  total erythrocytes count 

were showed marked decrease in (Red blood 

cells) 1st and 2nd hours, after administration of 
1mg Midazolam and 3mg Midazolam mixed 

with ketamine. The result was agreed with( 

26). The results of Pact cell volume PCV, Hb, 

MCV and MCH decreased over time after the 
administration of Midazolam but this 

changes more significant in group treated 

with 3mg Midazolam than in 1mg 
Midazolam group. This is similar to the 

report of (27) and (26), who also reported a 

significant decrease in PCV, Hb for a short 
time in all the calves after using detomidine-

midazolam-ketamine. The report of Gweba et 

al., (2010)(28) of decrease in haemoglobin 

concentration and packed cell volume in 
goats, agrees with our study. It has been 

suggested that pooling of circulating blood 

cells in the spleen and other reservoirs 
secondary to decreased sympathetic activity 

to be the reason for decrease in PCV, Hb (29). 

During anaesthesia or sedation, the decrease 

in PCV and Hb is attributed to the shifting of 
fluid from extravascular compartment to 

intravascular compartment to maintain 

normal cardiac output in animals (29).  
   After receiving 3 mg of midazolam 

combined with ketamine, the total white 

blood cell count significantly rose after 2 and 
24 hours. There was agreement on this 

outcome (30). After injecting amylobarbitone 

sodium intraperitoneally, Whose observed a 

rise in the WBC of the rabbits. Stressful 
activities like capture and handling can affect 

leukocyte counts, both total and differential. 
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Neutrophophilic leukocytosis with increases 
in lymphocytes and monocytes and a slight 

eosinopenia is the hallmark of epinephrine-

induced physiologic leukocytosis in 

ruminants. Changes brought on by 
corticosteroids include monocytosis, 

eosinopenia, amature neutrophilia, and 

lymphopenia (31). Within 4-6 hours of stress 
exposure, domestic animals exhibit maxima 

in neutrophilia and lymphopenia (32, 33).  

Conclusion: The current study used keta-
mine and midazolam together to create a 

general anesthetic that was clinically success-
ful. Though it appeared that the second group 

took more time to recover from the anesthetic 

than the first group carried out, both groups 

recovered easily and without difficulty. 
There was neither anxiety nor apnea during 

induction. 
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