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Anesthesia use for experimentation

European Union (EU) legislation "on the protection of 
animals used for scientific purposes“

Directive 2010/63/EU

One of the most stringent ethical and welfare 
standards worldwide

Became formally applied across the EU on
January 1  2013

Protects live non-human vertebrates including 
independently feeding larval forms and foetal forms of 
mammals from the last third of their normal 
development, and live cephalopods

DIRECTIVE 2010/63/EU OF THE EUROPE PARLIAMENT AND OF THE COUNCIL
of september 2010

on the protection of animals use for scientific purposes
(Text with EEA relevance)
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Anesthesia use for experimentation
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Anesthesia use for experimentation

Each person using an animal in an experiment must recognize 
when the animal is suffering, and reduce the pain

Keep away from interferences that can modify the results

The type of procedure: some only need a handling, while 
others must be done under artifical ventilation

Decree 87-848, 19 October 1987 in France



Anesthesia use for experimentation

Also known as induction. Anesthesia has not yet taken 
effect, which means that the animal is still conscious and 
can feel pain

Stage 1

Isoflurane

Ketamine

The excitement stage, follows the loss of consciousness. Involves 
erratic breathing, an irregular heart rate, and nausea as well as 
dilation of the pupils

Stage 2

Stage III is known as surgical anesthesia
The muscles relax, breathing slows, and eye movement slows to 
a stop

Stage 3

Also known as overdose. In this stage, the animal has received an 
excess of medication. Suppresses activity in the medulla or brain stem, 
and in turn the animal’s cardiovascular and respiratory systems fail

Stage 4



Anesthesia use for experimentation

Stage of
Behavior
Anesthesia

Stage I

Stage II
excitatory
stage

Stage III,
Plane 1, light 
anesthesia

Stage III,
Plane 2, 
surgical 
anesthesia

Stage III,
Plane 3, 
deep 
anesthesia

Stage III,
Plane 4

Stage IV

Behavior

Disoriented

Excitement 
struggling 
vocalization

Anesthetized

Anesthetized

Anesthetized

Anesthetized

Moribund

Respiration

Normal, may be 
panting
RR 20-30 bpm

Irregular, may 
hold breath or 
hyperventilate

Regular RR 
12-20 bpm

Regular, may 
be shallow 
RR 12-16 
bpm

Shallow RR 
<12 bpm

Jerky

Apnea

Cardiovascular
Function

HR unchanged
Hypertension

HR may increase,
hypertension

Pulse strong
HR > 90 bpm
Normal BP

HR > 90 bpm
Increasing 
hypotension

HR 60-90 bpm CRT 
increased, pulse less 
strong, increasing
hypotension

HR < 60 bpm
Prolonged CRT,
pale mm
Significant
Hypotension

Cardiovascular 
collapse

Response to
Surgery

Struggle

Struggle

May respond 
with 
movement

HR and RR 
may 
increase

None

None

None

Depth

Not 
anesthetized

Not 
anesthetized

Light

Moderate

Deep

Overdose

Dying

Eyeball
Position

Central

Central, 
possible 
nystagmus

Central or 
rotated, may be 
nystagmus

Often rotated 
ventrally

Usually central, 
may rotate 
ventrally

Central

Central

Pupil
Size

Normal

Yes

Normal

Slightly
dilated

Moderately 
dilated

Widely
dilated

Widely
dilated

Pupillary
Light response

Yes

Yes

Yes

Sluggish

Very 
sluggish or 
absent

Unresponsive

Unresponsive

Muscle
Tone

Good

Good

Good

Relaxed

Greatly 
reduced

Flaccid

Flaccid

Reflex
Response

All present

All present,
may be
exaggerated

Swallowing poor or
absent, good others
present but diminished

Patellar, ear flick, palpebral, 
relaxed
and corneal may be present 
(but diminished), others absent

All reflexes diminished or 
absent

No reflex
activity

No reflex
activity



Anesthesia use for experimentation

Righting reflex

Reflex

Too light
Light plane of 

anesthesia
Deep plane of 

anesthesia

Method of assessment

Appropriate
Too deep

Significance

Skin pinch reflex
(panniculus reflex)

Toe pinch reflex
(pedal withdrawal 
reflex)

The animal is gently rolled onto its back. The righting reflex is
lost when the animal is unable to regain an upright posture
(standing or lying down).

Loss of the righting reflex
(LORR) is correlated with
a loss of consciousness.

Loss of this response is
correlated with loss of
superficial pain.

Loss of this reflex is
correlated with loss of
deep pain.

The loose skin over the animal's dorsal surface is pinched. This
reflex is lost when the animal does not visibly respond (e.g by
flinching).

One of the hind limbs is gently extended, and then the
footpad is firmly pinched. The toe pinch reflex is lost when the
animal does not respond by withdrawing the extended limb.

Muscle tone loose/weak
Skin pinch reflex absent
Toe pinch reflex variably
present
Rhythmic, but shallow,
respiratory rate

Muscle tone loose/weak
Skin pinch reflex absent
Toe pinch reflex absent
Reduced respiratory
rate, but still rhythmic

Muscle tone loose/weak
Skin pinch reflex absent
Toe pinch reflex absent
Respiratory rate may be erratic, 
abdominal
breathing has developed
("see-saw"breathing)

Loss of the righting
reflex (LORR) but
muscle tone is still
present
Reflexes present
Rapid and shallow
respiratory rate

Basic reflexes in rodents, 
their method of 
assessment, and 
significance in anesthetic 
monitoring

Measures of anesthetic 
depth in rodents under 
isoflurane anesthesia



Anesthesia use for experimentation

Loss of memory

CNS function
lost Plane of anesthesia Statuts of CNS 

functions

Loss of
consciousness

Loss of motor response 
to a noxious stimulus

Unable to form memories
Cerebral functions, spinal 
and
autonomic reflexes intact

Cerebral functions
anesthetized; spinal and
autonomic reflexes intact

Cerebral functions and 
spinal
reflexes anesthetized;

Approximate
MAC value

0.25

0.5

1.0

Unable to perceive pain

Blunted autonomic 
reflexes

Cerebral functions, spinal 
ref
lexes, and autonomic ref 

1.5Autonomic nervous system is
not responsive to physiologic

No motor response; surgical
plane of anesthesia

MAC : minimum alveolar concentration where 50% of animals lose a motor response to a 
noxious stimulus. The lower the MAC value, the lower the concentration required,
ie the more potent the anesthetic.



Anesthesia use for experimentation

Anesthetic protocols for
immobilization or imaging

Ketamine 80-100 mg/kg Xylazine
 8-10 mg/kg
Ketamine 100 mg/kg Xylazine
 10 mg/kg Carprofen 4 mg/kg
Ketamine 100 mg/kg Xylazine
 10 mg/kg Buprenorphine
 0.3 mg/kg
Tribromoethanol250-300 mg/kg

Anesthetic protocols for 
surgical plane

Ketamine 80-100 mg/kg Xylazine
 8-20 mg/kg Acepromazine
 1-3 mg/kg
Males: Alfaxalone 80-120 mg/kg
 Xylazine 10 mg/kg Females:
 Alfaxalone 40-80 mg/kg Xylazine
 10 mg/kg
Alfaxalone30-60 mg/kg
 Medetomidine0.5-0.75 mg/kg
 Butorphanol5 mg/kg
Medetomidine0.3 mg/kg
 Midazolam 4 mg/kg Butorphanol
 5 mg/kg
Tribromoethanol250-500 mg/kg

IP if NOT doing a laparotomy or entering 
peritoneal cavity SQ if doing a laparotomy or 
entering the peritoneal cavity

IP

IP

SQ

Anesthetic Protocol Route of Administration

Use of gaseous anesthesia vs 
injectable anesthesia



Anesthesia use for experimentation

Fast action and recovery low 
blood solubility

Few effects on the cardiovascular 
functions and the cerebral blood 
flow halothane

Easy anesthesia depth
control

Not an analgesic

Respiratory issues, pulmonary tract
inflammation

Central hypothermia

Liver toxicity cited in several studies

Highly soluble, low
induction; causes

irritation in the eyes,
nose and airways;
risk of explosion

Ether
Rapid induction;

efficacious for
euthanasia; high

potential for
hepatotoxicity

Halothane
Lower solubility

than halothane, but
faster induction;

unpleasant smell;
small hepatotoxicity

Isoflurane
Lower potency than

halothane; 
efficacious for

euthanasia, linked to
scattered 

convulsions;
potential for 

hepatotoxicity

Enflurane
Less potent

than halothane
and isoflurane,
as well as lower
vapour pressure

Sevoflurane
Highly soluble;
slow induction;

potential for
nephrotoxicity

Metoxiflurane



Isoflurane VS Sevoflurane

The animal species, strain and eventually the animal temperament: a 
well-known example is the observed shock in guinea pigs when using ether

The animal well-being: some short procedures with little pain only require 
using a light anesthetic

Several factors have to be considered when choosing an anesthetic

The surgical procedure: duration, light or deep surgery, imaging etc...

The means and experience of the person: using an injectable anesthetic can 
be safer for without experience with volatile agents

The animal and user safety



Minimum alveolar concentration MAC

Blood-gas solubility

Induction and recovery

Anaesthetic depth

Tolerance

Use with soda lime

Imaging in rodents

Smell

Anesthesia side effects

Safety

Cost

Consumption

1.3

Higher

Lower

Good

Can induce irritation

x

Optimal

Strong and pungent

Same

x

+

Lower

2.4

Isoflurane Sevoflurane

Lower, thus achieving a rapid 
effect in the brain

Faster

Faster change in depth

Less airway irritation

Produces compound A

-

Sweet

Same

Xx

Higher x12 at similar gas flow

Higher because surgical anesthesia 
achieved at 1.5xMAC

Isoflurane VS Sevoflurane



ALVEOLI
Low gas

sollubility

Halothane
Blood / gas partition coefficient

Enflurane
Isoflurane
Desflurane
Sevoflurane

2.30
1.80
1.41
0.42
0.69

Isoflurane VS Sevoflurane

BLOOD VESSEL
Decrease sollubility

in blood

Higher brain concentrationBRAIN



Locomotor activity, daily food and water consumption and body weight 
progression showed no abnormalities after anaesthesia

Isoflurane VS Sevoflurane



Isoflurane VS Sevoflurane



Isoflurane VS Sevoflurane



Isoflurane VS Sevoflurane



Isoflurane VS Sevoflurane



Isoflurane VS Sevoflurane



Analgesia and association with anesthetics

It does become a factor during recovery and the smooth transition from anesthesia to 
analgesia

Therefore, as the animal emerges from anesthesia to being able to perceive pain, 
analgesia will be present and will help bridge the animal to the full efficacy of the 
postoperative analgesic protocol

Analgesia is a neurological state where pain is not perceived to its full 
ability. Painful stimuli are still present but not perceived as pain while 
the patient is still conscious

These effects are absent for inhalant anesthetics, and the postoperative analgesic 
protocol must fully address pain from the instant the animal regains consciousness
Analgesics can provide value during the surgical procedure when using inhalant 
anesthesia because they can decrease the amount of inhalant anesthesia, which is 
addressed below



Analgesia and association with anesthetics

Indicates a long lasting effect
Suppresses the pain 
perception but is not an 
analgesic

Perception
Buprenorphine Dexmedetomidine

Butorphanol Medetomidine
Morphine Xylazine
Tramadol Isoflurane/

sevoflurane
Acepromazine

Ketamine

Transmission
Lidocaine

Bupivacaine
Liposomal-Bupivicaine

Modulation
Carprofen Buprenorphine
Meloxicam Butorphanol
Ketoprofen Morphine

Flunixin Tramadol
Firocoxib
Ketamine

Dexmedetomidine
Medetomidine

Xvlazine

Lidocaine
Bupivicaine
Liposomal-
Bupivicaine
Gabapentin

1st order 
neuron

2nd order 
neuron

3nd order 
neuron

Transduction
Carprofen Buprenorphine
Meloxicam Butorphanol
Ketoprofen Morphine

Flunixin Tramadol
Firocoxib"

Liposomal-
Bupivicaine

EMLA Cream
Capsaicin Cream

Lidocaine
Bupivicaine

§
*



Agent Dose (mg/kg)

Mouse

Route Frequency

Buprenorphine 0.05-0.1 SC 6-12 h
Tramadol 5-40 SC, IP ND
Carprofen 2-5 SC 12-24 h
Meloxicam 1-5 SC, PO 12 h
Ketoprofen 2-5 SC 24 h

Acetaminophen 30-40 PO ND
Agent 200 PO ND

Dose (mg/kg) Route Frequency

0.01-0.1 SC, IM 8-12 h
5-20 SC, IP ND
2-5 SC 24 h
1-2 SC, PO 12-24 h
2-5 SC 24 h
15 PO ND

200 PO ND

Analgesia and association with anesthetics

Rat



Analgesia and association with anesthetics



Analgesia and association with anesthetics



Analgesia and association with anesthetics



Principles and gaseous anesthesia components

Carrier gas Vaporizer Interface



Principles and gaseous anesthesia components

Interface

Expired gas 
from animal



Principles and gaseous anesthesia components

Use of an air compressor and/or 
oxygen concentrator if no 
presence of an gas outlet

Possibility to mix the compressed 
air and the O2

The carrier gas choice: Air or O2

Oxygen allows for a faster 
recovery, and prevents hypoxia 
during long surgeries

Oxygen can also have negative 
side effects and have to be 
carefully administred



Principles and gaseous anesthesia components

Vaporizer specific for one gas 
type: isoflurane, sevoflurane etc...

Temperature and pressure defined 
in the chamber

The vaporizer: How does it work?

Concentration range from 0 to 5%

Filling the vaporizer on the OFF
position and with gas source OFF



12345

12345

Principles and gaseous anesthesia components

Control dial

Control dial

Fresh gas 
flow

High fresh 
gas flow

By pass pathway

Vaporising chamber 
containing 

anesthetic agent

The wicks improve 
vaporisation



Principles and gaseous anesthesia components

2L/min flow (has to be adapted depending on the box volume)

Possibility to mix the compressed air and the O2

First anesthesia step: Induction in a box

Optimal induction in 2 min to avoid the stress of a 
longer induction, without increasing the flow that 
can lead to the anesthesia stage 4

Observe for loss of righting reflex
Leave animal in chamber for one 
additional



Principles and gaseous anesthesia components

A mask for each application
Maintain concentration between 1 and 3%

Second anesthesia step: Maintenance with a mask

Respiration should be regular
Flow has to be adapted to the animal

Animals shoud not respond to noxious
stimuli: toe pinch



General appearence

Respiratory function

Skin coloration

Hydration

Body condition scoring

Active, smooth fur coat

Parameters to evaluate Normal findings

Breats not noticeable

Pink

Normal skin turgor

2.5 - 3

Pre-intra and post-operative assessments



Pre-intra and post-operative assessments
Shaving, aseptic preparation with betadine and alcohol

Eye lubricant application

Use of a translucent surgical drape will facilitate monitoring of respiratory function

Can provide insulation to minimize heat loss



Pre-intra and post-operative assessments

Prevention of the central hypothermia mandatory

Regulation of body temperature from 30 to 45 ° C



Pre-intra and post-operative assessments
Body temperature

Pulse-oximetry
BodSPO2 values <95% indicates the onset of mild 
hypoxia and a reduction to 90% requires immediate 
actiony temperature
If the anesthetic plane is too light, heart rate may 
increase and if the anesthetic plane is too deep, 
heart rate drops and can be erratic

Blood pressure

Capnography
High ETCO2 or hypercapnia indicates hypoventilation, 
which may be caused by deep anesthetic plane
Low ETCO2 or hypocapnia indicates hyperventilation, 
which may be from reduced cardiac output, blood
pressure, decrease in pulmonary perfusion



Gaseous anesthesia parameters

Espèces

Souris
Hamster
Gerbille

Rat
Cobaye

Chat
Lapin

Primate
Chien
Porc

Mouton
Chèvre

Porc

Poids 
(kg)

0.03
0.08
0.09
0.2
0.5
3
3

10
15
20
45
50

200

Fréquence 
ventilatoire

(c/min)

180
80
90
90

120
26
50
35
25
18
20
20
12

Volume 
courant

(ml)

0.15
0.8
0.9
1.6

205
30
20
50

150
420
300
325

3800

Fréquence 
cardiaque

(b/min)

550-600
350

260-600
350
155
150
220
150
100

80
75
80

9

Volume 
sanguin
(ml/kg)

75
72
75
58
75
85
70
75
80
70
60
70
65

Température 
centrale

(°C)

37.4
37.4
39
38
38
38.6
38
39
38.3
39
39.1
39.4
39



MAC and 
convulsivity 

threshold differed 
among strains

Strain

Physiological 
differences may 

change the 
anesthetic potency

Sex

MAC decreases 
with age

Age Skill Duration

Gaseous anesthesia parameters

Consider these factors during the anesthesia planning and implementation to ensure 
optimal research results and preserve research reproducibility

The consideration of these factors also allows the modern mouse researcher to move 
towards a more tailored anesthesia, similar to current human anesthesia trends

Factors affecting anesthesia



Gaseous anesthesia parameters

Differences in the genetic basis of 
anesthetic action in mice

Consistent with results from studies in 
drosophila and Caenorhabditis elegans

Strain

Indicate several genetic influences on 
anesthetic action



Gaseous anesthesia parameters

79% of animal studies published in Pain over 
the preceding 10 years included male subjects 
only, 8% of studies on females only, and another 
4% explicitly designed to test for sex differences

On average, blood pressure, height and weight 
differ by sex and these differences may affect 
response to a pain stimulus, as well as responses 
to pain treatment

Sex

Difference in body fat percentage (adult males > 
adult females) can affect potency and/or duration 
of some anesthetic and analgesic agents

MAC for volatile inhalant 
anesthesia decreases with 
age in humans and 
animals, including mice

Minimum alveolar 
concentration (MAC) was 2.3% 
in 10-day-old mice

Age



Gaseous anesthesia parameters

Duration and operator skill

In cardiology research, prolonged anesthesia (isoflurane or sevoflurane) affects 
blood vessel contractility for several days after the anesthetic event



Gaseous anesthesia parameters



Gaseous anesthesia parameters

Anesthesia in neonates

Propensity to develop hypothermia and 
hypoglycemia

Increased blood–brain barrier permeability

Higher body-water content

Less mature hepatic system

Lower albumin concentrations

Less mature pulmonary system



Gaseous anesthesia parameters

Up to 7 days (poikilothermic for up to 7 days) and 
no longer than 30 minutes

Small body mass = surface cooling quickly 
decreases their body temperature

Placed on top of a latex sleeve in an ice bath 
and held in position

Bradycardia, hypoventilation or apnea and 
hypoxemia are all seen in the first 5–15 minutes of 
neonatal hypothermia anesthesia

Provide gradual rewarming, because rapid 
warming, such as with a heating lamp, can lead 
to tissue damage



Gaseous anesthesia parameters

Induction chamber at 2 L/min of 
100% O2 containing either 5% 
isoflurane or 8% sevoflurane

Mask with 0.5L/min and 3% 
isoflurane or 5% sevoflurane

Shorter recovery time



Gaseous anesthesia parameters

Anesthesia in stereotaxic procedures

3D printed masks to improve head placement

Absent paw withdrawal reflex before placing 
ear bars 
Coating the ear bars tips with lidocaine

Removing the ear bars at the end can deepen 
the anesthesia state



Anesthetic exposure and safety

C C C

F

H
H

ClF

F

O F
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Anesthetic exposure and safety



Anesthetic exposure and safety



Anesthetic exposure and safety

No mandatory guidelines, 
only issued 

recommandations



Anesthetic exposure and safety



Anesthetic exposure and safety



Anesthetic exposure and safety

Active charcoal filters are used for the isoflurane 
adsorption

Has to be replaced once saturated, and discard 
in the dasri bin

HEPA filters can be used to ensure no contamination 
by any biological agent

Expired gas 
from animal
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