Behavioural Brain Research 219 (2011) 248-253

journal homepage: www.elsevier.com/locate/bbr

Contents lists available at ScienceDirect

Behavioural Brain Research

Research report

Ventrolateral periaqueductal gray lesion attenuates nociception but does not
change anxiety-like indices or fear-induced antinociception in mice

Joyce Mendes-Gomes?:?, Vanessa Cristiane Santana Amaral "¢, Ricardo Luiz Nunes-de-SouzaP:*

a Programa de Pés-Graduagdo em Psicobiologia, FFCLRP - USP, Av. Bandeirantes, 3900, CEP 14040-901 Ribeirdo Preto, SP, Brazil
b Lab. Neuropsicofarmacologia, Faculdade de Ciéncias Farmacéuticas — UNESP, Rod. Araraquara-Jati, Km 01, CEP 14801-902 Araraquara, SP, Brazil
¢ Programa Interinstitucional de Pés-Graduagdo em Ciéncias Fisiologicas, UFSCAR-UNESP, Rod. Washington Luis, Km 235, CEP 13565-905 Sdo Carlos, SP, Brazil

ARTICLE INFO

Article history:

Received 20 December 2010
Accepted 10 January 2011
Available online 14 January 2011

Keywords:

Anxiety

Fear

Different types of EPM
Antinociception

Formalin test

NMDA lesion

Ventrolateral periaqueductal gray
Mice

ABSTRACT

The exposure of rodents to an open elevated plus-maze (0EPM: four open arms raised from the floor)
elicits naloxone-insensitive antinociception. Midazolam infusion into the dorsal portion of the periaque-
ductal gray (dPAG), a structure of the descending inhibitory system of pain, failed to alter oEPM-induced
antinociception. Chemical lesion of dorsomedial and dorsolateral PAG attenuated defensive behavior in
the standard EPM (sEPM), an animal model of anxiety, but failed to change oEPM-induced antinociception.
The present study investigated the effects of bilateral lesion, with the injection of NMDA (N-methyl-D-
aspartic acid), of the ventrolateral column of PAG (VIPAG) (i) on nociceptive response induced by 2.5%
formalin injected into the right hind paw (nociception test) in mice exposed to the enclosed EPM (eEPM:
four enclosed arms - a non-aversive situation) or to the oEPM and (ii) on anxiety indices in mice exposed
to the sSEPM without prior formalin injection. Results showed that oEPM-induced antinociception was not
altered by lesion of vIPAG. Nevertheless, the lesion reduced the nociceptive response in mice exposed to
the eEPM and increased general locomotor activity during the eEPM and oEPM exposure. Furthermore,
VIPAG lesion did not alter anxiety-like indices in mice exposed to the sEPM. The results suggest that
VIPAG does not play a role in oEPM-induced antinociception or in defensive reactions assessed in the
sEPM. Moreover, VIPAG inactivation induces pain inhibition in mice not exposed to an aversive situation

and seems to increase general activity.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Reynolds [1] was the first to report that electrical stimulation
of the midbrain periaqueductal gray (PAG) produces pain inhibi-
tion. Since then, many studies have characterized the PAG as an
important structure of the descending pain inhibitory system [for
a review, see Ref. [2]]. The effect elicited by PAG stimulation on
nociception involves modulation of the nociceptive transmission
in the spinal cord, a role that seems to depend on the rostral ven-
tromedial medulla (RVM) function, since RVM lesion abolishes this
type of pain inhibition [2-4].

The PAG is anatomically and functionally organized, being
divided into four longitudinal parts that run parallel to the aque-
duct, viz. the dorsomedial, dorsolateral, lateral and ventrolateral
columns [5,6]. Chemical or electrical stimulation of dorsolateral
and lateral PAG (dIPAG and IPAG) causes vigorous somatomo-
tor activity, sympathoexcitation, cardio respiratory alterations and
short-term non-opioid mediated analgesia[3,5,7-11]. On the other
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hand, the stimulation of the ventrolateral PAG (VIPAG) evokes
“conservation-withdrawal” strategies or a passive coping reaction
of quiescence/immobility, decreased vigilance and hyporeactivity,
hypotension, bradycardia and an opioid analgesia which has a rel-
atively long time course [5-7,9-13].

It has been shown that PAG also participates in some types of
environmentally induced analgesia [9,14-17]. Concerning the fact
that animals display pain inhibition when confronted with threat-
ening situations, Bolles and Fanselow [18] emphasized that this
reaction has a clear adaptive value, since it gives the animal an
opportunity to exhibit defensive behavior, even though an injury
has occurred, thereby increasing its chances of survival. Thus, con-
sidered to be an important structure of the brain defensive system
(e.g., Ref.[19,20]), the PAG also participates in some types of aver-
sive situation-induced antinociception.

It has been demonstrated that exposure of rodents to an elevated
plus-maze (EPM: an apparatus in the shape of a plus sign, with two
open and two enclosed arms, each with an open roof, elevated from
the floor), a widely used animal model of anxiety [for a review, see
Ref. [21]], besides inducing defensive behavioral responses, also
elicits antinociception [22-25]. In experiments carried out in our
laboratory, EPM-exposed mice do not display intense antinocicep-
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tion, assessed by the formalin nociception test. Nevertheless, when
placed in a totally open elevated plus-maze (0EPM: with four open
arms) mice [26,27] and rats [28] exhibit an intense antinociceptive
response.

In order to investigate the role played by the dorsal portion of
the PAG (dPAG: dm and dI columns) on oEPM-induced antinoci-
ception, we lesioned the dPAG by injecting a high dose of NMDA
(N-methyl-D-aspartate) into this site. Bilateral dPAG lesion did not
change oEPM-induced antinociception, but attenuated anxiety-like
behavior in mice exposed to a standard EPM (SEPM: two open and
two enclosed arms) [27]. Given that the vIPAG also modulates some
forms of environmentally induced antinociception [9,14,16,17,29],
the present study investigated the role of VIPAG on oEPM-induced
antinociception and on sEPM-induced anxiety-like behavior in
mice. To this end, a bilateral lesion was induced in the vIPAG by
an injection of NMDA. The formalin test was used to assess noci-
ception in the mice and was specifically chosen since it permits
the assessment of pain sensitivity concurrently with exposure to
an aversive situation, namely the oEPM.

2. Materials and methods
2.1. Subjects

The subjects were male Swiss mice (Sdo Paulo State University/UNESP,
SP, Brazil), weighing 25-35g. They were housed in groups of 7 per cage
(41 cm x 34cm x 16 cm) and maintained under a 12:12 h light/dark cycle (lights on
at7:00a.m.)in a temperature (23 + 1 °C) and humidity (55 & 5%) controlled environ-
ment. Food and drinking water were freely available. All mice were experimentally
naive, and experimental sessions were carried out during the light phase of the cycle
(9a.m.-5p.m.).

2.2. Drugs

NMDA (N-methyl-p-aspartic acid; RBI) dissolved in physiological saline (0.9%
Nacl). This compound was injected bilaterally into vIPAG in a dose of 2 g in 0.2 pl
[30].

2.3. Surgery and excitotoxic lesion of VIPAG

Mice were bilaterally implanted with 7 mm stainless-steel guide cannulae (26
gauge; Cooper’s Needleworks, Birmingham, UK) under chloral hydrate (500 mg/kg,
i.p.) anesthesia. The guide cannulae were fixed to the skull with dental acrylic and
jeweller’s screws. Stereotaxic coordinates for the PAG were 4.1 mm posterior to the
bregma, £2.0 mm lateral to the midline and 2.1 mm ventral to skull surface, with
the guide cannula angled 29° to the vertical axis. These coordinates were based on
the Paxinos and Franklin mouse brain atlas [31].

NMDA solution was injected into the VIPAG immediately after the guide cannu-
lae were implanted, while the mice were under anesthesia. Solutions were infused
into the vIPAG through a microinjection unit (33 G cannula; Cooper’s Needleworks),
which extended 2.0 mm beyond the tip of each guide cannula. The microinjection
unit was attached to a 5 wl Hamilton microsyringe via polyethylene tubing (PE-10)
and administration was controlled by an infusion pump (BI 2000, Insight Equipa-
mentos Cientificos LTDA, Brazil) programmed to deliver a volume of 0.2 .l over a
period of 60 s. The microinjection procedure consisted of gently restraining the ani-
mal, inserting the injection unit, infusing the solution, and keeping the injection
unit in situ for a further 180s. Confirmation of successful infusion was obtained by
monitoring the movement of a small air bubble in the PE-10 tubing.

For each lesion group, a matching sham-lesion group (i.e. a group that was sub-
jected to the same surgical procedure, but did not receive any intra-vIPAG injection)
was added as a control group.

2.4. Formalin test

Nociception was assessed by the formalin test as previously described [32].
The formalin test causes a two-phase nociceptive response [33]. The first phase
begins immediately after formalin injection and lasts approximately 5 min. It results
from the direct stimulation of nociceptors [33,34]. The second phase begins 20 min
after the injection and lasts approximately 40 min [35]. This phase is caused by C
fibers activation [34,36] and also involves a period of sensitization during which
inflammatory phenomena occur [36,37].

2.5. Apparatus and general procedure

The basic elevated plus-maze design was similar to that originally vali-
dated for mice [38]. The standard EPM (sEPM) consisted of two open arms

(30cm x 5cm x 0.25 cm) and two enclosed arms (30 cm x 5 cm x 15 cm) connected
to a common central platform (5cm x 5cm). The apparatus was constructed from
wood (floor) and transparent glass (clear walls) and was raised to a height of 38.5 cm
above floor level. The other two mazes were similarly constructed, but comprised
either four enclosed arms (eEPM) or four open arms (0EPM).

Five to six days after surgery, mice were transported to the experimental
room and left undisturbed for at least 30 min prior to testing. An aliquot of 50 .l
of 2.5% formaldehyde solution was then injected into the dorsal surface of the
right hind paw of each mouse, which was individually placed in a glass holding
cage (30 cm x 20 cm x 25 cm). Twenty-five minutes after formalin injection, animals
were exposed to the eEPM or oEPM, where the time spent on licking was noted
for a period of 10 min (25-35 min after formalin injection). In order to investigate
whether the NMDA lesion had effects on anxiety-like behavior, some mice were sub-
jected to the same procedure as described above, except that they did not receive
prior formalin injection and were only exposed to the SEPM.

On the sEPM, mice were individually placed on the central platform of the maze
facing the left open arm. Both the eEPM and oEPM were similarly positioned in the
experimental room and the experimenter placed the animal facing the arm that
corresponded in direction to the sEPM left open arm, even though the eEPM had no
open arms and the oEPM no enclosed arms. Between subjects, the mazes were thor-
oughly cleaned with 20% ethanol and a dry cloth. All sessions were video-recorded
by a camera linked to a monitor and DVD in the adjacent laboratory.

2.6. Behavioral analysis

Videotapes were scored by a highly trained observer using an ethological analy-
sis software package developed by Dr. Morato’s group at the Faculdade de Filosofia,
Ciéncias e Letras, University of Sdo Paulo (USP) at Ribeirdo Preto, Brazil. In addi-
tion to recording the time spent licking the formalin-injected paw (see above), the
total number of arm entries (arm entry =all four paws on to an arm) was scored.
For groups exposed to the sEPM (without prior formalin injection), the frequency of
enclosed and open arm entries, % open arm entries [(open/total) x 100] and % open
arm time [(open time in seconds/300) x 100] were also recorded. Although the dura-
tion of the test was 10 min, the data for exploration of the maze were calculated only
during the first 5 min of the test (3005s).

2.7. Statistics

All results were initially subjected to Levene’s test for homogeneity of variance
and then analyzed by Student’s t-test for unrelated samples (sham-lesion x lesion
group), Mann-Whitney U test (sham-lesion x lesion group) or two-way analysis of
variance (ANOVA) for independent factors (factor 1: maze type and factor 2: lesion
type). Where indicated by significant F values, group differences were identified by
Duncan'’s test. A P-value of 0.05 or less was required for significance.

2.8. Perfusion and verification of lesion sites

At the end of testing, animals received an overdose of the anesthetic thiopen-
tal (340 mg/kg, i.p.) and they were transcardially perfused with saline followed by
10% formaldehyde. The brains were removed and transferred to 10% formaldehyde.
After 24 h and 48 h, they were placed in 20% and 30% sucrose solution, respectively,
and then sectioned in a cryostat microtome (Leica CM 1850). The sections were
mounted on gelatin-coated slides and stained with cresyl violet (Nissl staining). The
anatomical location and size of NMDA lesions were estimated by assessing the typi-
cal neuronal cell loss and gliosis infiltration [39]. Nissl-staining methods are widely
used to examine cytotoxic lesions [39,40] because these methods stain both glia and
neuronal cell bodies, providing a very accurate delineation of the lesion site. Loca-
tion of lesion sites was microscopically verified with reference to a mouse brain
atlas [31].

2.9. Ethics

The experiments carried out in this study comply with the norms of the Brazilian
Neuroscience and Behavior Society (SBNeC), based on the US National Institutes of
Health Guide to the Care and Use of Laboratory Animals. Furthermore, all the proce-
dures were analyzed and approved by the local Faculty Research Ethics Committee
(Resolution CEP/FCF/Car. Number 20/2005; report number 10/2006).

3. Results
3.1. Histology

All NMDA and sham lesions were verified histologically with
Nissl staining. Similarly to previously described electrolytic [41]
and chemical [27,42] lesions of PAG, the lesion areas were exten-
sive (see Figs. 1B and 2). In some cases, they included the lateral
part of the PAG (IPAG) and also extended dorsally into the supe-
rior and/or inferior colliculi. The dorsal part of the PAG (dPAG, i.e.
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Fig. 1. NMDA lesion appearance. Photomicrographs of transverse cresyl violet-stained sections (Nissl staining), illustrating the extent and appearance of vIPAG bilateral (A)
sham and (B) lesions, from representative cases. In the areas of lesion, note the extent of gliosis and loss of neurons. Scale bar=400 pm in (A and B1); 200 wm in (B2).

Bregma -4.48 mm Bregma -4.96 mm

Bregma -4.36 mm

Bregma -4.60 mm

Fig. 2. Composite drawing showing the ‘average’ extent of NMDA lesion in the bilateral vIPAG. The average lesion is inferred from the layering of individual lesions on
idealized cross-sections of VIPAG. The approximate distance from the interaural line is indicated at the top of the figures and is taken from the atlas of Paxinos and Franklin
[31]. Abbreviations: Aq, aqueduct; dIPAG, dorsolateral periaqueductal gray; dmPAG, dorsomedial periaqueductal gray; IPAG, lateral periaqueductal gray; vIPAG, ventrolateral

periaqueductal gray; SC, superior colliculus; IC, inferior colliculus.

dorsolateral and dorsomedial columns), however, was left intact.
There was no sign of lesion in the sham-lesion rats, except where
the guide cannulae were implanted (see Fig. 1A).

3.2. Behavioral results

Fig. 3 illustrates the effects of bilateral lesion of VIPAG on time
spent licking the formalin injected paw in mice during phase 1
(0-5min) and phase 2 (25-35 min) of the nociceptive test. In phase
1, the mice were in the glass holding cage (GC), while in phase
2, they were exposed to the eEPM or oEPM. Student’s t-test for
unrelated samples revealed that bilateral lesion of vIPAG did not
change the nociceptive response during phase 1 of the formalin
test (t(50)=0.43; P=0.67). However, in phase 2, the non-parametric
Mann-Whitney U test indicated that both groups of oEPM exposed
mice exhibited less time licking the injected paw than the cor-
responding eEPM group (Sham-lesion: U=1; Z=4.27; P<0.001;
Lesion: U=39; Z=2.26; P<0.05). Furthermore, the same statistical
test also revealed that the vIPAG lesion decreased the nociceptive
response in eEPM exposed mice (U=55; Z=2.18; P<0.05), but not
in those exposed to the oEPM (U=58; Z=0.49; P=0.62).

Fig. 4 shows the total arm entries (locomotor activity) and
the time spent in the central square of the eEPM and oEPM,
in VIPAG sham-lesion and lesion mice, injected with formalin.
The results were recorded during the first 5min of exposure to
the EPM. Two-way ANOVA revealed significant effects for the
maze-type factor [F(1,48)=82.59, P<0.01] and for the lesion factor

[F(1,48)=7.32, P=0.001], but not for maze type x lesion interac-
tions [F(1,48)=0.44,P=0.51]. The post-hoc test indicated that oEPM
exposed mice exhibited fewer total entries than the eEPM groups.
In addition, VIPAG lesion mice displayed a higher number of arm
entries than sham-lesion animals. Regarding the time spent on the
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Fig. 3. Effects of bilateral lesion of VIPAG (with 0.2 .l NMDA) on time (s) spent on
licking the paw injected with 2.5% formaldehyde, recorded during phase 1 (0-5 min)
or phase 2 (25-35 min) of the nociceptive test. In phase 1 the mice were in the glass
holding cage (GC) and in phase 2 they were exposed to the eEPM or oEPM; n=11-15.
abp<0.05 versus eEPM and sham-lesion groups, respectively.
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Fig. 4. Effects of vIPAG bilateral lesions on total arm entries and on the time spent
in the central square of the eEPM and oEPM, in mice injected with 2.5% formalde-
hyde. Bilateral sham-lesion group (Sham), n=12-14; bilateral lesion group (Lesion),
n=11-15. *P<0.05 compared with the eEPM and bilateral sham-lesion groups,
respectively.

central square, the non-parametric Mann-Whitney U test revealed
that oEPM exposed mice spent more time in the central part of
the maze than eEPM-exposed mice, an effect that was not affected
by VIPAG lesion (Sham-lesion: U=31; Z=-2.73; P<0.01; Lesion:
U=36;Z=-2.41; P<0.05).

Fig. 5 shows the effects of vVIPAG lesion on the behavior of mice
exposed to the sEPM, without prior formalin treatment. The results
were recorded during the first 5 min of exposure to the sEPM. Stu-
dent’s t-test for unrelated samples revealed that vIPAG lesion did
not produce any significant change in conventional measures of
anxiety [% Open armentries: t(13)=0.46, P=0.65; % Open arm time:
t(13)=0.78, P=0.45], or in general activity [Enclosed arm entries:
t(13)=-0.83, P=0.42], in mice exposed to the sEPM.

4. Discussion

The results showed that oEPM-induced antinociception was
not altered by bilateral lesion of VIPAG in mice. Surprisingly,
VIPAG lesion decreased the nociception response in eEPM-exposed
mice and increased locomotor activity in both eEPM and oEPM
exposed-groups. Furthermore, in contrast to previously observed
results with dPAG lesion [27], bilateral VIPAG lesion did not pro-
duce anxiolytic-like effects in sSEPM-exposed animals that had not
received a formalin injection.

Although the PAG has been implicated in the modulation of
defensive responses [20,43], including threat-induced antinocicep-
tion [15-17], there are studies suggesting that these effects depend
on factors such as the chance of escape from the aversive stimu-
lus [9,44] and certain characteristics of the threatening stimulus:
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Ventral Periaqueductal Gray Lesion

Fig. 5. Lack of effects of bilateral lesion of VIPAG on behavior of mice (not injected
with 2.5% formalin in the right hind paw) exposed to the sEPM. Bilateral sham-lesion
group (Sham), n=7; Bilateral lesion group (Lesion), n=8.

conditioned or unconditioned [45], or whether the stress is psycho-
logical or physical [9]. For instance, it has been demonstrated that
either dorsal or ventrolateral PAG lesion reverts the antinocicep-
tion induced by conditioned aversive stimuli in rats [46], whereas
only VIPAG lesion disrupts unconditioned aversive stimuli-induced
antinociception [14]. Thus, inlight of such evidence and considering
that the oEPM exposure represents an unconditioned aversive situ-
ation, it would be expected that VIPAG is involved in oEPM-induced
antinociception. However, the present results demonstrated that
VIPAG lesion did not change the time spent by mice exposed to
the oEPM on licking their formalin-injected paw, suggesting that
the vIPAG is not involved in the mediation of this environmentally
induced defensive reaction.

Interestingly, present results showed that vIPAG lesion pro-
duced antinociception in mice exposed to the eEPM, a potentially
non-aversive situation. The vIPAG column projects directly to the
rostral ventromedial medulla (RVM), in which on and off cells exert
important functions in the facilitatory and inhibitory modulation of
pain, respectively [47]. Vanegas and Schaible [47] have emphasized
that the nociceptive response to formalin injection is predomi-
nantly facilitated (rather than inhibited) in normal conditions (i.e.
in the absence of psychological stress). In addition, it has been
demonstrated that the formalin test activates the vIPAG [48-51].
Taken together, these facts seem to suggest that activation of vVIPAG
neurons might facilitate the nociceptive process by inhibiting the
off cells and/or activating the on cells of the RVM in eEPM-exposed
mice. Although attractive, such a hypothesis remains to be tested
empirically.

In addition, we observed that bilateral lesion of the vIPAG
increased locomotor activity in both eEPM- and oEPM-exposed
mice. As shown in Fig. 4, vIPAG-lesion mice displayed higher num-
bers of arm entries than the sham-lesion groups. This locomotor
disinhibitory effect produced by vIPAG lesion seems to corrobo-
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rate previous studies showing that the vIPAG column modulated
a state of quiescence/immobility in animals that had suffered
an injury [52,53]. In this context, it has been demonstrated that
the neurotransmission in the spinal-olivocerebellar tract, which is
involved in motor coordination [54], is reduced by vIPAG activation
[55]. Corroborating the evidence that the vIPAG column modu-
lates locomotion, De Luca-Vinhas et al. [56] have demonstrated that
inactivation of the vIPAG, by local midazolam injection, increases
enclosed arm entries (without affecting the conventional anxiety-
like indices) in rats exposed to the SEPM.

Although the present results showed that vIPAG lesion increased
locomotion in both oEPM- and eEPM-exposed groups, it must be
emphasized that oEPM-exposed mice displayed fewer arm entries
and spent more time in the central square than eEPM-exposed
mice, confirming the aversive characteristics of the oEPM. The
reduction in locomotion and increase in time spent on the cen-
tral platform suggest that mice are exploring the oEPM cautiously,
probably exhibiting more risk assessment behaviors (e.g., stretch
attend and flat-back postures) as previously reported in SEPM
exposed animals (e.g., Ref. [23,57,58]).

We recently demonstrated that dorsomedial and dorsolateral
lesion of the PAG selectively attenuated spatio-temporal measures
of anxiety in sEPM-exposed mice [27]. This result was not repli-
cated with the VIPAG lesion, since NMDA injection into this PAG
column neither altered the anxiety-like indices (% open arm entries
and % open arm time) nor changed general activity (enclosed arm
entries) in mice exposed to the sEPM. Curiously, differently from
the increased numbers of arm entries observed in oEPM- and eEPM-
exposed groups, VIPAG-lesion mice did not display a higher number
of enclosed arm entries than sham-lesion mice in the SEPM. These
results contrast with previous findings that intra-vIPAG injection of
midazolam, a benzodiazepine receptor agonist, increased enclosed
arm entries (without affecting anxiety indices) in rats exposed to
the sEPM [56]. The latter authors hypothesized that the vIPAG
might mediate just some fear responses, such as freezing, and some
types of antinociception controlled by the amygdala [29,59-63],
but that aversive stimulus, inherent to the EPM, would not acti-
vate this portion of the PAG. Instead of that, the circuit responsible
for the production of unconditioned responses, such as the avoid-
ance of the open arms of the sEPM, actually may be the aversive
brain system, comprising the dorsal PAG, medial hypothalamus and
amygdala [64,65].

Regarding the involvement of other brain structures in the mod-
ulation of oEPM-induced antinociception, special attention has
been given to the amygdala. We have previously observed that
sEPM-open arm confinement-induced antinociception, which is in
essence a form of oEPM exposure, is completely reverted by intra-
amygdala injection of midazolam in mice concurrently exposed
to the writhing (nociceptive) test [66,67]. Therefore, the role of
the amygdala and other brain defensive system structures (e.g.,
hypothalamus and anterior cingulate cortex) [68] in the modu-
lation of this type of environmentally induced antinociception in
animals subjected to the formalin test needs to be investigated in
further studies.

Itis noteworthy that in the present study the lesions of the vIPAG
were not limited to this midbrain structure. The NMDA injection
also reached structures of the midbrain tectum, provoking neu-
ronal lesions in the superior and inferior colliculi. As previously
reported, electrolytic [41] and chemical [42] lesions of the PAG
also provoke neuronal death in sites located in the dorsal midbrain,
such as the superior and inferior colliculi. It has been reported that
both of these structures belong to the brain aversive system [43,69],
which also includes the medial hypothalamus, amygdala and dorsal
periaquedutal gray [19]. However, we have recently demonstrated
that superior and/or inferior colliculus lesions neither changed
the nociceptive response in oEPM-exposed mice nor modified

the locomotor activity and anxiety-like indices in SEPM-exposed
mice [27].
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