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Optic nerve transection (ONT) triggers retinal ganglion cell (RGC) death. By using this paradigm, we have
analyzed for the first time in adult albino and pigmented mice, the effects of ONT in the scotopic thresh-
old response (STR) components (negative and positive) of the full-field electroretinogram. Two weeks

after ONT, when in pigmented mice approximately 18% of the RGC population survive, the STR-implicit
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time decreased and the p and nSTR waves diminished approximately to 40% or 55%, in albino or pig-
mented, respectively, with respect to the values recorded from the non-operated contralateral eyes.
These changes were maintained up to 12 weeks post-ONT, demonstrating that the ERG-STR is a useful
parameter to monitor RGC functionality in adult mice.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In response to a flash of light the electrical response than can be
recorded at the cornea is known as the electroretinogram (ERG)
(Dowling, 1987; Frishman, 2006). The ERG is formed by different
individual components that can be associated to their cells of origin.
The initial negative wave recorded after a bright full-field stimulus
(the so named a-wave) is accepted to be generated by photoreceptor
phototransduction, while the prominent positive wave that follows
the a-wave (so named b-wave) is mainly generated by depolariza-
tion of ON-bipolar cells and Miiller cells (Dowling, 1987; Frishman,
2006). In addition to the a- and b-waves, other main components
of the ERG that appear superimposed on the b-wave are the oscilla-
tory potentials which are thought to arise from feedback circuitries
as well as from amacrine cells (Wachtmeister, 1998).

When very dim light stimuli are presented in scotopic conditions
asmall cornea-negative potential, called negative scotopic threshold
response (nSTR) (Sieving, Frishman, & Steinberg, 1986), dominates
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the ERG. The nSTR has been recorded in humans (Frishman, Reddy,
& Robson, 1996; Korth, Nguyen, Horn, & Martus, 1994; Sieving &
Nino, 1988), cats (Sieving et al., 1986), monkeys (Frishman, Shen,
et al., 1996), rats (Alarcon-Martinez et al., 2009; Bui & Fortune,
2004) and mice (Saszik, Frishman, & Robson, 2002). Intraretinal
recordings (Frishman & Steinberg, 1989a, 1989b; Sieving et al.,
1986) and studies with pharmacological substances (Naarendorp
& Sieving, 1991; Robson & Frishman, 1995; Saszik et al., 2002) have
indicated that this potential corresponds to inner retina neurons;
amacrine and/or ganglion cells. Moreover, there is a cornea-positive
component forming the STR (pSTR), and this is abolished with phar-
macological agents inhibiting the response of the inner retina (Naa-
rendorp & Sieving, 1991; Saszik et al., 2002).

Intraorbital optic nerve transection (ONT) is a classic model to
study injury-induced RGC regenerative and degenerative responses
(Aguayo, Vidal-Sanz, Villegas-Pérez, & Bray, 1987; Avilés-Trigueros,
Sauvé, Lund, & Vidal-Sanz, 2000; Vidal-Sanz, Bray, & Aguayo, 1991;
Vidal-Sanz, Bray, Villegas-Perez, Thanos, & Aguayo, 1987;
Vidal-Sanz, Villegas-Perez, Bray, & Aguayo, 1993; Vidal-Sanz et al.,
2000; Whiteley, Sauvé, Avilés-Trigueros, Vidal-Sanz, & Lund,
1998), including cell loss (Nadal-Nicolas et al., 2009; Parrilla-Rever-
ter, Agudo, Sobrado-Calvo, et al., 2009; Peinado-Ramén, Salvador,
Villegas-Pérez, & Vidal-Sanz, 1996; Villegas-Pérez, Vidal-Sanz, Bray,
& Aguayo, 1988; Villegas-Pérez, Vidal-Sanz, Rasminsky, Bray, &
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Aguayo, 1993). In adult rats, ONT induces within 2 weeks the loss of
approximately 80% of the RGC population, while the remaining RGCs
undergo a slower degenerationrate (Villegas-Pérez et al., 1993). ONT
also results in a number of alterations in their functional (Casson,
Chidlow, Wood, Vidal-Sanz, & Osborne, 2004; McKerracher,
Vidal-Sanz, & Aguayo, 1990; McKerracher, Vidal-Sanz, Essagian, &
Aguayo, 1990; Parrilla-Reverter, Agudo, Nadal-Nicolas, et al., 2009;
Schlamp, Johnson, Li, Morrison, & Nickells, 2001) and metabolic
(Chidlow, Casson, Sobrado-Calvo, Vidal-Sanz, & Osborne, 2005;
Lindqvist, Peinado-Raménn, Vidal-Sanz, & Hallb6ok, 2004;
Lindqvist, Vidal-Sanz, & Hallb6ok, 2002; Lindqvist et al., 2010) prop-
erties, as well as in the regulation of a substantial number of genes
(Agudo et al., 2008, 2009). This experimental model appears suitable
to study the ERG components generated by the RGC population in
adult mammals because, it is widely accepted that ONT results in
selective loss of RGCs but not of other non-RGC retinal neurons
(Carter, Vidal-Sanz, & Aguayo, 1987; Villegas-Pérez et al., 1993) or
in the impairment of the outer retinal neurons functionality
(Alarcén-Martinez et al., 2009; Bui & Fortune, 2004).

There is a number of studies in rats analyzing the electroretino-
graphic responses after ONT (Alarcon-Martinez et al., 2009; Bui &
Fortune, 2004; Mojumder, Sherry, & Frishman, 2008), however
such information is lacking for mice. Transgenic and knock-out
mice have become an important tool to study a number of relevant
questions in the adult mammalian visual system. Moreover, albino
or pigmented mice are usually the animal of choice for many
experimental models involving RGC injury, including ocular hyper-
tension induced by laser photocoagulation of the limbar tissues
(Cuenca et al., 2010; Fu & Sretavan, 2010; Grozdanic et al., 2003;
Holcombe, Lengefeld, Gole, & Barnett, 2008; Morrison, Johnson, &
Cepurna, 2008; Salinas-Navarrov, Alarcén-Martinez, et al., 2009;
Salinas-Navarro et al., 2010), thus it is important to ascertain the
origin of the STR waves in this species. In the present work we have
studied the ERG response after ONT at different time intervals for
albino and pigmented mice to provide further evidence for the
relationship between the generation of the STR components of
the full-field electroretinogram and the anatomical integrity of
the RGC population. Using a classic model of axotomy-induced
RGC injury, we have investigated in adult albino and pigmented
mice the different components of the full-field flash ERG at various
time intervals after ONT as well as RGC survival. Retrogradely
transported neuronal tracers were applied to both superior collicu-
li (SCi) to identify RGCs, and we report that optic nerve (ON) injury
results by 2 weeks in the loss of approximately 80% of the RGC
population. Moreover, ONT resulted in major permanent reduc-
tions of the early components of the ERG, mainly the positive sco-
topic threshold response, and alterations of the STR-implicit time.
Overall, our data provide new and original information for the elec-
trophysiology of the adult albino and pigmented mice after ONT
and document that ERG STR could be a useful parameter to moni-
tor RGC functionality in adult mice (short accounts of this work
have been published in abstract format; Alarcon-Martinez et al.,
2010; Galindo-Romero et al., 2010).

2. Materials and methods
2.1. Animals

Female adult albino (BALB/c; 30-35 g) and pigmented (C57BL/
6; 30-35 g) mice of the same age were treated according to insti-
tutional guidelines, European Union regulations for the use of ani-
mals in research, the ARVO statement for the use of animals in
ophthalmic and vision research, and were comparable to those
published by the Institute for Laboratory Animal Research (Guide
for the Care and Use of Laboratory Animals). Mice were anaesthe-

tized with an intraperitoneal (i.p.) injection of a mixture of keta-
mine (70 mg/kg Ketolar®, Pfizer, Alcobendas, Madrid, Spain) and
xylazine (10 mg/kg Rompur®, Bayer, Kiel, Germany) in 0.1 ml sal-
ine. Mice were kept in a 12-h light/dark cycle. For electrophysio-
logical studies, three groups of albino mice; group I (n=9), I
(n=6) or Il (n=5), were processed at 2, 4 or 12 weeks after
ONT, respectively, and three groups of pigmented mice; group IV
(n=7),V (n=6)or VI (n=9) were processed at 2, 4 or 12 weeks
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Fig. 1. Scotopic and photopic electroretinographic recordings in albino and
pigmented mice. Examples of the ERG traces recorded in an albino (A) or pigmented
(B) control mouse in response to flash stimuli of increasing intensity (indicated in
log cd s/m? units at the left of the recording traces) for the right eye (thin trace) and
for the left eye (bold trace). The scotopic threshold responses (STR) were elicited by
weak light stimuli (—6.26 to —4.02 log cd s/m?). Responses mediated by rods and by
rods and cones (mixed response) were elicited by light intensities from —3.96 to
2.03 log cd s/m?. Photopic response was recorded after a light adaptation of 5 min
and it was elicited by the highest light stimulus (2.03 log cd s/m?). No significant
differences in the ERG amplitudes between left and right eyes were observed.
Examples for the measurement of wave amplitudes and implicit times are shown.
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