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Electroretinograms are used in non-clinical studies to evaluate the
potential effects of new chemical entities on retinal function. Most
commonly, they are used in studies with ocular dosing routes (e.g.
intravitreal or subretinal administration), but can also be used to
investigate or monitor suspected or anticipated ocular effects in
studies where other routes of administration were used (e.g. oral
or parenteral administration).
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In animal models, this assessment must be done while the
animals are anesthetized in order to in order to prevent artifacts
through involuntary muscle movement and obtain reliable and
reproducible results. ERG response has been shown to be
affected by the anesthetic agent used; however there are several
factors to consider, including duration of anesthesic effect and
recovery, safety of the agent used, inter-animal sensitivity to
anesthesia and frequency of evaluation. We characterized the
effect of multiple anesthetic agents and duration on ERG
responses in rats.
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IP

fentanyl (0.005 mg/kg),
dexmedetomidine (0.15 mg/kg)
midazolam (2 mg/kg)

naloxone 0.12 mg/kg;
atipamezol 0.7 mg/kg;
flumazenil 0.2 mg/kg

IP

fentanyl (0.005 mg/kg),
medetomidine (0.07 mg/kg)
midazolam (2 mg/kg)

naloxone (0.12 mg/kg)
atipamezol (0.7 mg/kg)
flumazenil (0.2 mg/kg)

IM

Ketamine (50 mg/kg)
Xylazine (5 mg/kg)

-

Ketamine (75 mg/kg)
Xylazine (7.5 mg/kg)

-

IM

Ketamine (40 mg/kg)
Xylazine (2.5 mg/kg)
Acepromazine (0.75 mg/kg)

-

IP

Ketamine (100 mg/kg)
Acepromazine (5 mg/kg)

-

IP

To investigate the anesthetic duration of FMM, and the effect of reversal agent administration, animals were administered FMM and monitored for general
condition and level of sedation. After 30, 60 or 120 minutes (n = 3, 3 and 9, respectively), animals were administered the reversal agent unless the animals
regained consciousness naturally.
Rats (groups of 3 to 8 males; 100 to 300 g and approximately 6 to 12 weeks of age) were administered one of six anesthetic cocktails (Figure 1). Animals
were subsequently subjected to a standard ERG testing protocol; consisting of up to five scotopic, single flash stimuli (Figure 2). A reversal cocktail was
administered to groups given FMM and FDM. Duration of the sedation was recorded in all remaining groups, except those administered FDM as they were
given the reversal on completion of ERG recording.
Figure 2: ERG protocol
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IP = Intraperitoneal; IM = Intramuscular; doses administered based on most recent body weight

Figure 3: Length of Anesthetic Effect
Following Administration
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Reversal agent (SC)

6/9 animals given
reversal at 120 min
•6/9 animals partially
conscious once for short
period between 18 to 81
minutes
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Figure 4: Effect of Anesthetic on ERG Response
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a-wave: initial corneal-negative deflection,
derived from the cones and rods of the outer
photoreceptor layers.
Absorption of light
 rhodopsin activates transducin
 activation of cGMP PDE
 reduction in the level of cGMP within the
photoreceptor
 closure of the sodium ion channels in the
outer-segment membrane results in a
decrease of inwardly directed sodium ions
 hyperpolarization of the photoreceptor
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This wave is the most common component of
the ERG used in clinical and experimental
analysis of retinal function.
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A-wave amplitudes were variable. B-wave amplitudes for scotopic stimuli were generally comparable between
groups given KX, KA, FMM and FDM. The response of groups given KXA and KX were approximately 2-fold
higher than with other cocktails. Latency/implicit times were unaffected (data not presented).
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CO NCLUS IO N

Anesthetic agents that act on the central nervous system can modify ERG;
increasing or reducing the magnitude of the response and impact the sensitivity of
the assessment. Some, such as FMM and FDM showed similar responses,
however, variability in a-wave and/or b-wave was observed between the 6 agents
tested. Therefore, the agent used needs to be taken into consideration when
comparing between results in different trials. Ideally, comparisons should always
be made to concurrent controls.
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The main challenge when using anesthetics in studies with ocular endpoints is to
ensure the subject is sufficiently anesthetized for the duration of ERG assessment,
since movement artifacts will interfere with the signal, and to minimize the risks
associated with prolonged sedation.
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B-wave: corneal-positive deflection; derived
from the inner retina, predominantly Muller
and ON-bipolar cells
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Hyperpolarization of the photoreceptor cells
decrease in the amount of neurotransmitter
released
 depolarization of the post-synaptic bipolar
cells
 increase in the level of extracellular
potassium
 transretinal current generated.
 Muller cells depolarize to generate
corneal-positive deflection.
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Duration of Anesthetic Effect
Many of the anesthetics tested resulted in
prolonged periods of sedation, in excess
of 2 hours, which far exceeds the
duration of the ERG protocol (normally ≤
30 min). In the trial using FMM, only 3/9
animals recovered prior to administration
of the reversal agent (sedation duration =
104 to 117 minutes). All animals given
the reversal agent after 30 (n=3), 60
(n=3) or 120 minutes (n=6) recovered
within 1-3 minutes of injection and
without any adverse effects observed.
However, 6/9 animals had a short period
of consciousness during the monitoring
period (presence of twitching and
movement). In addition, two of 15
animals required an additional dose of
FMM to achieve complete anesthetic
effect; an additional 1/2 or 1/3 dose was
administered.
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Figure 1: Summary of Anesthetic Agents Tested on ERG Response
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ERG response to scotopic white flash stimuli were similar at all light intensities
with both FMM and FDM; however FMM consistently had slightly higher
responses.

Sedation periods lasting over 2 hours increase the risk of corneal drying, induced
opacities and poor recovery which can limit the animals’ utility for subsequent
assessments. Both FDM and FMM used provided a suitable level and duration of
anesthesia in most animals, and greatly reduced recovery times. However, based
on higher tolerance to the anesthetic and periods of semi-consciousness during
the anesthesia period in some animals, a slightly higher (by 1/3) dose level is
recommended to ensure all animals are adequately anesthetized with a consistent
dose.
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