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a  b  s  t  r  a  c  t

Vivo-morpholinos  are  commercially  available  morpholino  oligomers  with  a terminal  octa-guanidinium
dendrimer  for  enhanced  cell-permeability.  Existing  evidence  from  systemically  delivered  vivo-
morpholinos  indicate  that  genetic  suppression  can  last  from  days  to weeks  without  evidence  of  cellular
toxicity.  However,  intravenously  delivered  vivo-morpholinos  are  ineffective  at  protein  suppression  in  the
brain,  and  no  evidence  is available  regarding  whether  intracranially  delivered  vivo-morpholinos  effec-
tively  reduce  target  protein  levels,  or do so  without  inducing  neurotoxicity.  Here  we  report  examples  in
which  in  vivo  microinjection  of antisense  vivo-morpholinos  directed  against  three different  targets  (xCT,
LT-1
CT
rexin
ntisense
ypocretin
ucleus accumbens

GLT1,  orexin)  in  two different  brain  regions  resulted  in  significant  suppression  of  protein  expression
without  neurotoxicity.  Expression  was  significantly  suppressed  at six to  seven  days  post-administration,
but  returned  to  baseline  levels  within  fourteen  days.  These  results  indicate  that direct  intracranial  admin-
istration  of  vivo-morpholinos  provides  an  effective  means  by which  to  suppress  protein  expression  in
the  brain  for  one  to  two  weeks.
ateral hypothalamus

. Introduction

Effective methods for temporally controlled genetic suppression
n the developed brain are critical for investigating the contribu-
ion of specific gene products to adult nervous system function.
lthough current transgenic methods provide sophisticated tools

n this regard, behavioral methods that are optimized for use in rat
odels are limited, in large part due totechnical hurdles in gen-

rating transgenic rat models (Aitman et al., 2008; Tesson et al.,
005). Nonetheless, direct brain microinjection of pharmacological
gents, antisense oligonucleotides, and RNAi allow complementary
pproaches to genetic suppression that are useful in rat models
Self, 2005). However, acute administration of RNAi typically leads
o transient suppression, and extended suppression requires the
se of continual administration by mini-pump, or delivery via a
iral vector (Morris, 2008).

In parallel with the development of transgenic and oligonu-
leotide (DNA and RNA) based methods, morpholino oligomers
ave emerged as an alternative and promising approach. Mor-
holino antisense technologies are widely used in a number
f systems including rodent embryos, Xenopus, zebrafish, sea

rchin and others (Corey and Abrams, 2001; Heasman, 2002). A
orpholino antisense approach offers comparable or superior sup-

ression to DNA oligonucleotides and RNAi, but with enhanced

∗ Corresponding author. Tel.: +1 843 792 1838; fax: +1 843 792 4423.
E-mail address: reissner@musc.edu (K.J. Reissner).
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© 2011 Elsevier B.V. All rights reserved.

structural stability and without many of the described non-specific,
off-target effects (Summerton, 2007). This is due in part to the
six-membered morpholino backbone and non-ionic phosphorodi-
amidate linkage, which limits interactions with the extracellular
matrix and renders oligomers resistant to nuclease degradation
(Summerton, 2007). Morpholinos suppress protein expression by
binding to mRNA with high affinity and thus block translation or
splicing, depending on the sequence location at translation initi-
ation start sites or intron/exon junctions (Li and Morcos, 2008;
Moulton and Jiang, 2009; Moulton and Yan, 2008).

A recent derivative of morpholinos are vivo-morpholinos.
Vivo-morpholinos are designed from the same structure as mor-
pholinos described above, with an additional octa-guandinium
dendrimer conjugated at the terminal 3′ end (Moulton and
Jiang, 2009). The dendrimer (derived from Greek for “tree”) is
a branched molecule, generally symmetrical and overall spher-
ical in shape. In this case, the dendrimer is formed by the
presence of either octa-guanidinium groups. This terminal attach-
ment allows for facilitated cell permeability, via chemistry similar
to that employed by TAT and other related peptide membrane
permeability domains (Wadia and Dowdy, 2005). While vivo-
morpholinos are superior to non-conjugated morpholinos for
achieving suppression following i.v. administration, brain tissue
is not significantly accessed following systemic delivery (Li and

Morcos, 2008; Morcos et al., 2008; Parra et al., 2011). A few
examples of successful knockdown with non-conjugated morpholi-
nos administered directly in the brain have been reported (Hiroi
et al., 2011; Oh et al., 2006). However, evidence is not available

dx.doi.org/10.1016/j.jneumeth.2011.10.009
http://www.sciencedirect.com/science/journal/01650270
http://www.elsevier.com/locate/jneumeth
mailto:reissner@musc.edu
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Fig. 1. Knockdown of GLT-1 and xCT in rat NAc with antisense vivo-morpholinos.
Antisense (AS) or reverse control (ctl) sequence vivo-morpholinos against the indi-
cated target were microinjected into contralateral hemispheres once per day for
three days, and expression was assessed by Western blotting in a membrane subfrac-
tion at the indicated number of days following the last microinjection. Expression
of  xCT and GLT-1 was normalized to expression for PSD-95 loading control, and
within animal comparisons were made between control and AS treatment for each
animal. For representative blots, C, control; A, antisense. (A) Expression of GLT-1
is  decreased at 4 days post-injection, and is significantly suppressed seven days
post-microinjection. Levels of GLT-1 are not significantly different between AS and
control treatments at fourteen days post-microinjection. Two-way ANOVA revealed
a  significant effect of treatment, F(1,34) = 7.027, p < 0.05. Because within animal com-
parison was used for each animal, a paired t-test was used for direct comparison at
each time point. (B) One microinjection of GLT-1 AS vivo-morpholinos is insuffi-
K.J. Reissner et al. / Journal of Neur

n the efficacy or toxicity of vivo-morpholinos administered
ntracranially.

Here we demonstrate use of vivo-morpholinos for genetic
uppression in the adult rat brain, using three separate tar-
ets: the high-affinity glutamate transporter GLT-1/EAAT2, the
atalytic subunit of the cystine glutamate exchanger xCT, and
rexin/hypocretin. Important roles for glutamate transport by GLT-

 and xCT have been described in addiction, affective disorders,
nd protection against neurotoxicity and ischemia (Albrecht et al.,
010; Reissner and Kalivas, 2010; Valentine and Sanacora, 2009).
he orexins are implicated in mechanisms of sleep as well as in
otivation to obtain both natural rewards and drugs of abuse

Aston-Jones et al., 2010; Berridge et al., 2010; Cason et al., 2010;
hompson and Borgland, 2011). Because these targets are all of
nterest in the mechanisms of reward learning, we  wished to deter-

ine applicability of vivo-morpholinos for temporal and regional
ontrol of protein expression. These results indicate that vivo-
orpholinos can be effectively used to suppress protein expression

n the brain in vivo, in a region-specific manner for a period of
ays to weeks, thus providing a genetic tool for the use of nervous
ystem function and behavioral analysis without the necessity of
ransgenic or viral-mediated strategies.

. Materials and methods

.1. Animal housing and procedures

Adult male Sprague-Dawley rats (300–350 g, Charles River)
ere used for all studies. Animals were individually housed on a 12-

 reverse-light cycle and provided rat chow and water ad libitum.
nimals were anesthetized with ketamine/xylazine (56.5 mg/kg:
.7 mg/kg, i.p.) and placed in the stereotaxic apparatus.

For injections into nucleus accumbens core (NAc), cannulae
Plastics One, 26G) were surgically implanted bilaterally into NAcat
oordinates relative to Bregma +1.5 A/P, +1.7 M/L, −5.5 D/V (Paxinos
nd Watson, 2005). Following one week of recovery, microin-
ections (1.0 �l, 0.5 �l/min)were made using 33G microinjectors
PlasticsOne) 2 mm below the base of the cannula. Microinjectors
ere left in place to allow a one min  diffusion time following
icroinjection of awake animals (GLT-1, xCT). A sham insertion

f the microinjection needle was performed on the day prior to
he first microinjection, following which microinjections were per-
ormed once per day for three days, unless described otherwise.
anula were closed with obdurators to prevent clogging between
icroinjections.
For orexin morpholino injections, a midline scalp incision was

ade and a small hole was drilled through the skull above the lat-
ral hypothalamus (LH). With the dura removed, a 28 gauge cannula
onnected to a Hamilton syringe (via polyethylene tubing) was  low-
red in the LH orexin cell field at A/P −2.8, M/L  1.7, DV −8.8 from
kull surface. In this case following microinjections, microinjectors
ere left in place for 15 min.

.2. Morpholinos

All vivo-morpholinos were purchased from Gene
ools, LLC. The antisense sequence used for GLT-1 is
′-TGTTGGCACCCTCGGTTGATGCCAT-3′, and for xCT is 5′-
GGCCACAACTGGCTTTCTGACCAT-3′. For these genes, a reverse
equence control was used. Dilution of morpholinos was per-
ormed in sterile PBS (10 mM Na2HPO4, 2 mM KH2PO4, 137 mM

aCl, 2.7 mM KCl). Orexin vivo-morpholinos (150 nmol, 0.3 �l)
r vivo-morpholino standard control (0.3 �l) were unilater-
lly injected into the LH in the PBS formulation provided by
he manufacturer. The antisense sequence used for orexin is
cient to suppress expression seven days later. (C) Three microinjections of xCT AS
vivo-morpholinos leads to significant suppression of expression seven days later, as
compared by Western blot to reverse control-treated hemisphere.

5′-GTATCTTCGGTGCAGTGGTCCAAAT-3′ and for the standard
control is 5′-CCTCTTACCTCATTACAATTTATA-3′.

2.3. Western blotting

For experiments in NAc (using morpholinos for GLT-1 and xCT),
Western blots were used to assess changes in protein expression
in a crude membrane subfraction as described (Knackstedt et al.,
2010). Animals were rapidly decapitated, and NAc tissue surround-
ing the microinjection site was dissected. Individual hemispheres
were separately homogenized in ice-cold 0.2 ml  buffer containing

Na Hepes and sucrose, pH 7.4. All buffers were supplemented with
1:100 protease and phosphatase inhibitor cocktails (Thermo Sci-
entific). Homogenates were centrifuged at 1000 × g for 10 min  at
4 ◦C, and the pellet was homogenized with an additional 0.2 ml
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Fig. 2. Assessment of vivo-morpholinos toxicity by Nissl stain. All images show representative slices from animals microinjected with control vivo-morpholino for GLT-1 at
either  the low (A–C, 30 nmol) or high (D–F, 1500 nmol) dose. (A) Staining of NAc microinjected with low dose. (D) Staining of NAc microinjected with the high dose. Note
t ”), prim
m  (C) an
c  bar, 1
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he  lack of staining of the anterior commissure as seen in panel A (region under “ac
agnification of regions boxed in (A) and (D). Comparison at 60× magnification in

ells.  Stars in panel C indicate representative healthy medium spiny neurons. Scale

omogenization buffer, and centrifuged again. Supernatants were
ooled and centrifuged at 12,000 × g for 20 min. The resultant pellet
as resuspended in 30 �l RIPA buffer (Thermo Scientific) sup-
lemented with 1.0% SDS as well as protease and phosphatase

nhibitors. A final centrifugation step at 10,000 × g for 5 min  was
erformed to remove insoluble material. Protein concentration was
etermined using the BCA method (Thermo Scientific) and equal
icrogram quantities were loaded per lane. Antibodies used were

s follows: GLT-1, abcam ab41621 at 1:400, xCT custom antibody
t 1:100 (Shih et al., 2006), PSD-95, Cell Signaling #2507 at 1:1000.
estern blotting was performed onto nitrocellulose membranes

sing standard techniques, as described previously (Toda et al.,
006). Expression of GLT-1 and xCT was normalized to PSD-95.
.4. Histology and immunohistochemistry

For Nissl staining, animals were deeply anesthetized with pen-
obarbital and perfused with saline. Brains were fixed in 4%
ary due to the induction of overt neurotoxic damage. (B, C and E, F); 20× and 60×
d (F) indicates neurotoxicity as evidenced by smaller, more punctuate staining of

00 �m at 20× magnification; ac, anterior commissure.

formaldehyde, and 100 �m sections taken for histological analysis.
Sections were Nissl stained using Cresyl Violet.

For experiments in LH (orexin morpholino), changes in protein
expression were assessed using immunohisotchemistry. Rats were
deeply anesthetized with ketamine/xylazine (100 mg/kg:20 mg/kg,
i.p.) before being perfused transcardially with cold 0.9% saline fol-
lowed by 4%paraformaldehyde. For orexin and MCH  staining, brains
were stored in 4% paraformaldehyde overnight and then trans-
ferred to 20% sucrose for at least 48 h. Brains were then flash frozen
in dry ice and cut in 40 �m-thick tissue sections. LH sections were
processed for the visualization of melanin-concentrating hormone
(MCH) and orexin. MCH  was  visualized by incubating the section in
rabbit anti-MCH (Phoenix Pharm, 1:2500) overnight; biotinylated
goat anti-rabbit secondary antibody (Jackson, 1:500) for 2 h, and

avidin–biotin complex (ABC 1:500, Vector labs) for 1.5 h. Detection
of MCH  was  performed with 3,3′-diaminobenzidine (DAB, Sigma)
with nickel ammonium sulfate, producing a dark purple reaction
product in the cytoplasm. Subsequently, orexin was visualized by
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ncubating the same tissue sections in goat anti-orexin A (Santa
ruz, 1:1000) overnight, and then biotinylated donkey anti-goat
econdary (Jackson, 1:500), followed by ABC (1:500). Finally, sec-
ions were incubated in DAB to yield a brown reaction product in
he cytoplasm.

For NeuN staining, slices were dehydrated in 50% ethanol for
0 min, then washed three times for 10 min  each in PBS. Blocking
as performed for 1 h at room temperature in PBS containing 10%

etal calf serum (FCS) and 2% triton X-100. Primary antibody against
euN (Millipore #MAB377, 1:500) was added in PBS containing 5%
CS at 4 ◦C overnight. Following three washes in PBS at 10 min  each,
lices were incubated in alexafluor 488 conjugated donkey anti-
ouse IgG secondary (Invitrogen cat #A21202), then washed again.

lide-mounted slices were treated with Prolong gold (Invitrogen)
nd allowed to dry before imaging. Imaging was  performed on a
eica DMXR microscope with Openlab software.

.5. Statistical analysis

Statistical analysis was performed using Graphpad Prism. Data
re presented as means with SEM about the mean. The effect of
orpholinos over time was analyzed using two-way ANOVA, and
ithin-animal comparisons were performed using a paired two-

ailed t-test. * denotes p < 0.05. Cell counts (SEM) of orexin and MCH
eurons in LH were averaged across four sections per animal.

. Results

.1. Three consecutive microinjections of vivo-morpholinos are
ufficient to suppress either GLT-1 or xCT in NAc

Initial experiments were used to assess knockdown of gluta-
ate transporter GLT-1. Three daily microinjections of GLT-1 AS
orpholinos (10 �M,  30 nmol total) were made contralaterally to

he reverse control sequence, and protein levels were assessed in

Ac separately in each hemisphere seven days later. Expression
f xCT and GLT-1 was normalized to PSD-95 because PSD-95 is
nriched in the membrane subfraction preparation, should be unaf-
ected by either antisense sequence, and is of a molecular weight

ig. 3. Neurotoxicity observed following high dose vivo-morpholino treatment as assesse
hows  Nissl staining of the same slice in the approximate same location. Note the tip of t
taining  following microinjection of low dose control vivo-morpholinos for GLT-1 (30 nm
icroinjection of high dose control morpholinos for xCT and GLT-1 respectively at 10×

resence  of a hole in the tissue, likely caused by a neurotoxic lesion from the high dose mo
c,  anterior commissure.
ce Methods 203 (2012) 354– 360 357

distinct from xCT (37 kD) and GLT-1 (62 kD). This protocol resulted
in statistically reduced levels of GLT-1 at seven days after the
last microinjection (Fig. 1A, middle panel). A slight decrease was
observed at four days, followed by significant suppression at seven
days, and expression had returned to baseline at fourteen days
following the third microinjection. No effect on expression of PSD-
95 loading control was  observed (Fig. 1A, last panel). In contrast,
GLT-1 levels were not reduced seven days after one microinjection
(10 �M,  10 nmol) (Fig. 1B).

To determine if xCT could also be suppressed in a simi-
lar manner, protein levels were assessed seven days following
three microinjections of antisense versus control reverse sequence.
As with GLT-1, xCT protein levels were significantly suppressed
by local microinjection of antisense vivo-morpholinos into NAc
(Fig. 1C).

3.2. Low dose vivo-morpholino administration is not neurotoxic

Because use of vivo-morpholinos directly in brain has not
yet been reported, it was important to determine whether this
octa-guanidinium dendrimer-containing reagent might be neu-
rotoxic. Membrane permeable TAT peptide conjugates used for
a similar purpose carry toxicity at concentrations approaching
100 �M (Jones et al., 2005). Moreover, vivo-morpholinos have been
reported to produce evidence of mild toxicity when applied to
renal explants in culture for 24 h at 20 �M,  although treatment
with 10 �M produced no evidence of toxicity (Hartwig et al., 2010).
Specific to this study, any toxicity caused by suppression of GLT-1
was of additional concern as homozygous knockout mice for GLT-1
experience lethal seizures, and increased susceptibility to neuronal
damage (Tanaka et al., 1997). Moreover, changes in expression
of GLT-1 have been associated with neurodegenerative disease
(Maragakis and Rothstein, 2004; Sheldon and Robinson, 2007).

General tissue health and cell morphology was  first examined
using Nissl staining (Fig. 2). Daily microinjections (30 or 1500 nmol

total over 3 days) were performed with control sequence against
GLT-1 in contralateral hemispheres. Typical scarring resulted from
cannulae implantation and repeated penetration of the 33 gauge
needle below the indwelling guide cannula (Fig. 2A–C). However,

d by NeuN. Top panel (A–C) shows NeuN immunostaining, while lower panel (D–F)
he microinjection site indicated by asterisk in (A–C). First column (A and D) shows
ol). Middle column (B and E) and right column (C and F) show staining following

magnification. In panel F, anterior commissure could not be visualized due to the
rpholinos (indicated by dashed line in (C)). Scale bar, 100 �m at 10× magnification.
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Fig. 4. Suppression of orexin expression in the LH by vivo-morpholinos. (A) Quan-
tification of cell counts for orexin in the LH at different time points following control
(ctl) or antisense (AS) vivo-morpholinos (150 nmol each). Non-inj. indicates cell
counts in a non-injected control. One-way ANOVA (F(5, 37) = 3.76, p < 0.01). * indi-
58 K.J. Reissner et al. / Journal of Neur

icroinjection of low dose (30 nmol) injection of vivo-morpholinos
ed to no discernable evidence of further damage (Fig. 2B–D). Upon
igh magnification, medium spiny neurons of typical triangular
orphology were abundantly apparent adjacent to the microin-

ection site (Fig. 2C). Identical results were observed following
icroinjection of antisense for GLT-1, as well as control or antisense

ivo-morpholinos for xCT (not shown). In contrast, microinjection
f high dose (1500 nmol) control vivo-morpholinos resulted in evi-
ence of apparent gross neuronal damage (Fig. 2d–F). High dose
ivo-morpholino treatment resulted in neuronal loss and punctu-
te Nissl staining (Fig. 2D and E) consistent with neurotoxic lesions
nd gliosis observed following chemical lesion of the striatum
Levivier et al., 1995; Zaczek et al., 1980).

In order to more fully assess any evidence for toxicity or
ell loss induced by vivo-morpholinos, immunofluorescence for
euron-specific neuronal nuclei (NeuN) was performed (Mullen
t al., 1992). One week following three consecutive microin-
ections of control vivo-morpholinos for GLT-1 or xCT at both
ow (30 nmol) and high (1500 nmol) dose, tissue was  prepared
or immunofluorescence. Microinjection of 30 nmol control GLT-1
esulted in abundant staining for neurons (Fig. 3A) which was indis-
inguishable from the same treatment with other vivo-morpholino
equences or PBS (data not shown). In contrast, high dose treat-
ent of control morpholinos for either xCT or GLT-1 resulted in an

bvious decrease in discrete neuronal staining (Fig. 3B and C). Fol-
owing immunostaining, slices were then Nissl stained for direct
omparison. In the condition of high dose treatment, similar overt
eurotoxic lesions were observed as in Fig. 2, and in one case an
bvious hole was observed in the NAc, in the location where the
nterior commissure should be found (Fig. 3F).

.3. Vivo-morpholinos suppress orexin

In a separate series of experiments, the capacity of vivo-
orpholinos to suppress expression of orexin in the LH was

ssessed. In this case, knockdown of orexin was determined by
mmunohistochemical staining for orexin as well as melanin-
oncentrating hormone (MCH). MCH  is expressed in interdigitated
on-orexin neurons in the orexin cell field of the LH, and thus
rovides a good measure of the specificity of knockdown (Chen
t al., 2006). One microinjection of morpholinos (0.3 �l, 150 nmol)
as sufficient to suppress orexin protein expression, but had no

ffect on MCH  expression (Figs. 4 and 5). Similarly as observed
or GLT-1, significant suppression of orexin was not observed 2–3
ays post-microinjection of antisense, but was achieved by six
ays post-microinjection. Also, as seen with GLT-1 morpholinos,
rexin expression levels returned to normal within fourteen days
f microninjection (Fig. 4). However, microinjection of 1 �l of mor-
holino (500 nmol) resulted in both orexin and MCH  cell loss,

ndicating non-specific toxic effects at higher dosing (Fig. 5). Doses
ower than 150 nmol were not tested for orexin. Finally, Nissl stain-
ng revealed no apparent toxicity within the orexin cell field at

 days following the 150 nmol injection, but did indicate damage
videnced by lack of healthy neuron staining following the large
00 nmol injection (Fig. 5).

. Discussion

Conventional non-transgenic methods for suppression of pro-
ein expression in adult rat brain include antisense oligonucleotides
nd RNAi. Although these techniques are effective, the time course

f suppression is generally limited in the absence of continual
nfusion via osmotic minipump or viral vector. Vivo-morpholinos
rovide an alternative means by which expression may  be con-
rolled, utilizing different chemistry from canonical nucleic acid
cates p < 0.05 by Tukey post hoc analysis. (B) Cell counts for MCH  following treatment
with orexin vivo-morpholinos. In both panels, N represents number of animals.

based technology. In this report, we provide evidence of knock-
down of three different target proteins in two different brain
structures. Comparison of the approach used for GLT-1/xCT versus
orexin indicates that microinjection of vivo-morpholino may  be
made in vivo in anesthetized animals at the time of surgical can-
nula implantation (orexin) or following recovery in awake, moving
animals (GLT-1/xCT). We  further show that for these targets, the
nontoxic effect dose is in the range of 30–150 nmol; however, tox-
icity is induced when injected amounts approach 500 nmol above.

The enduring stability and efficacy of vivo-morpholinos allows
gene expression that can be temporally controlled, and enduring
suppression can be achieved without continuous brain perfusion
with a minipump. For example, treatment with naked (non-
conjugated) morpholinos designed to remove a splicing mutation
restores expression of muscle dystrophin as well as muscle function
in mdx transgenic mice two to four weeks after morpholino treat-
ment (Alter et al., 2006; Fletcher et al., 2007; Jearawiriyapaisarn

et al., 2008; Sharp et al., 2011). Our findings with GLT-1 and orexin
indicate that suppression of translation can be achieved for one to
two weeks, thus allowing several days or more for analysis while
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Fig. 5. Suppression of orexin in the LH visualized by immunostaining. Representative photomicrographs of double staining for orexin (brown) and MCH  (black) in LH 2–3 or
6  days post-injection in the non-injected (control) sides (A–C) and orexin AS injected (D–F, low does; G–I, high dose). Cresyl violet staining of adjacent tissue from the same
sections shown in the middle row (B, E, and H) are shown below in panels C, F, and I. The number of orexin, but not MCH, expressing neurons was reduced 6 days after orexin
A  inject
b of the 
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(
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S  injection. No reduction of orexin or MCH was  observed 2–3 days after orexin AS
y  both immunostaining and Nissl staining. All images were taken within 160 �m 

issl  images at 60×.

rotein targets are knocked down, and comparison with testing
efore and after morpholino treatment.

Finally, staining for cell bodies with Cresyl violet and NeuN
mmunofluorescence suggest no cell loss or neurotoxicity when
sed at 30–150 nmol. Modest tissue damage was  observed, which

s frequently observed following mechanical disruption by cannu-
ation. Optimal conditions will likely need to be determined for
ach target protein, as in the case of any knockdown strategy. We
nd that effective knockdown without toxicity is observed in the
ange of 30–150 nmol; however, it is possible that for some targets,
nockdown can be optimized by higher amounts without induc-
ion of toxicity observed at 500 nmol and above. Overall, these
esults indicate that vivo-morpholinos are ideally suited for behav-
oral studies involving intracranial protein knock-down in selected
rain nuclei, and for permitting repeated measures to be made both
uring protein knock-down and after levels have been restored.
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