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Role of the glycoprotein thorns in anxious effects of rabies virus:

Evidence from an animal study

ABSTRACT

Rabies is a lethal infectious disease caused by rabies virus (RABV). Fear and anxiety
are the distinguished symptoms in rabies patients. Fusion of RABV envelope
glycoprotein (RVG) to host cell membrane initiates rabies pathogenesis via interacting
with PDZ domain of signaling proteins. We assessed the anxiety-like behaviors, and
hypothalamic—pituitary—adrenal axis (HPA) response to RVG infection. Contribution of
PDZ binding motif (PBM) of RVG to the observed effects was also examined using a
mutant form of RVG, ARVG, with deleted last four amino acids at PBM C-terminus.
Lentiviral vectors containing RVG and/or ARVG genes were injected into the rat brain
areas involved in anxiety including hypothalamus, dorsal hippocampus, and amygdala.
RVG/ARVG neural expression was examined by fluorescent microscopy. Anxiety-like
behaviors were assessed by elevated plus maze (EPM) and open field (OF) tasks. HPA
response was evaluated via measuring corticosterone serum level by ELISA technique.
RVG/ARVG were successfully expressed in neurons of the injected areas. RVG, but not
ARVG, Infection of hypothalamus and amygdala increased the time spent in EPM open
arms, and OF total distance moved and velocity. RVG, but not ARVG, infection of
hypothalamus and dorsal hippocampus increased corticosterone level. The anxiety-
like behaviors and exploratory/locomotor activities of rats with RVG infection in
hypothalamus, and amygdala are mediated by PBM of RVG. The HPA response to

RVG infection of hypothalamus and dorsal hippocampus is dependent to PBM of RVG.
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Triggering anxiety-related signaling by PBM of RVG seems to be one of the
mechanisms involved in anxiety behaviors seen in patients with rabies.

Keywords: Corticosterone; Elevated plus maze; PBM; Rabies envelope

1. Introduction

Rabies is a zoonotic, viral disease accompanied by almost always fatal
encephalomyelitis. There are two forms of the disease, Furious rabies and Paralytic
rabies. Furious rabies account for about 80% of the total number of human cases. The
initial symptoms include a fever with pain and paresthesia at the bite wound. As the
virus enters the central nervous system, typically 2-3 months after an encounter with a
rabid animal (may vary from 1 week to 1 year dependent upon factors such as the
location of virus entry and viral load), progressive and fatal inflammation of the brain
and spinal cord develops. Intense anxiety and nervousness, hydrophobia (fear of water)
and sometimes aerophobia (fear of drafts or of fresh air) emerge. Once clinical
symptoms appear, rabies is virtually 100% fatal. Convulsive seizures and progressive
paralysis follows, and within a few days the patient dies in coma (Mitrabhakdi et al.,
2005). Rabies is caused by rabies virus (RABV). RABV is a bullet shape Rhabdovirus
with high affinity to nerve cells. The virus is composed of an internal protein core or
nucleocapsid comprising the nucleic acid, and an external envelope, a lipid-containing
bilayer roofed with transmembrane glycoprotein spines (Koury and Warrington, 2021).
RABV genome encodes five proteins organizing either the ribonucleoprotein (RNP)
complex or the viral envelope (Tordo and Kouknetzoff 1993). The L (transcriptase), N
(nucleoprotein), and NS (transcriptase-associated) proteins comprise the RNP complex,
together with the viral RNA. These components aggregate in the cytoplasm of virus-
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infected neurons and compose Negri bodies, the distinctive histopathologic finding of
RABYV infection (Albertini et al., 2011). The G (glycoprotein) and M (matrix) proteins
form the lipid envelope. The G protein erects the thorns that cover the outer surface of
the virion envelope. These transmembrane glycoprotein spines bind specifically to

cellular receptor and confirm neurotropism in infected cells (Rupprecht, 1996).

PDZ domains [named for the common structural domain shared by the postsynaptic
density protein (PSD95), Drosophila disc large tumor suppressor (DIgA), and zonula
occludens-1 protein (ZO-1)], are protein-protein interaction elements involved in cellular
and biological functions, particularly signal transduction (Kennedy, 1995). They typically
recognize and bind to a short region of the carboxy-termini of target proteins (Saras and
Heldin, 1996). PDZ domains are typically found in cytoplasmic and membrane adapter
proteins. The peptide sequence that binds to a PDZ domain is referred to as the PDZ
domain-binding motif, or PBM. RABV encodes proteins with PBMs that target a
particular set of the PDZ proteins. The association of viral PBMs with their PDZ protein
targets results in modulation of the cellular processes involved in viral pathogenesis
(Javier and Rice, 2011). The survival or death of RABV-infected neurons depends on
the type of cellular PDZ proteins which are able to bind the PBM at the C-terminus of
viral envelope glycoprotein. The full-length RABV G-protein (RVG) is a 524-amino acids
type | glycoprotein (Fig. 1). RVG is attached to the endoplasmic reticulum (ER) and
plasma membranes via its unique transmembrane domain and signal peptide. The
ectodomain of RVG is initially located within the luminal compartment of the ER, and
then at the cell surface after fusion to the plasma membrane. During G-protein

trafficking from the ER to the plasma membrane, the cytoplasmic domain containing the
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C-terminal PBM is always exposed to the cytoplasm of the somato-dendritic neuronal
area, where it can interact with cellular partners. By modifying the length of RVG, some
peptides are derived with increased affinity for PDZ domain and altered biological
activity (Khan et al., 2019). ARVG (Fig. 1) is one of these modified peptides similar to
RVG, which lacks the last four amino acids at the C-terminus of the PBM (Khan et al.,

2019).

There are plenty of evidence indicating that RABV alters function of neurons by
affecting neural ion channels, neurotransmitter release, and signaling receptors (Fu and
Jackson 2005). However, very little pathological changes including neurodegeneration
and neuroinflammation have been observed in the brain of rabies patients (Baloul and
Lafon, 2003; Scott et al., 2008; Lafon, 2011; Rossiter and Jackson, 2020). In line with
these evidence we have recently shown that infecting rat brain with RVG increases
synaptic transmission in the hippocampus and strengthens spatial as well as fear-
related memories (Ghassemi et al., 2021a, 2021b). We found that the PBM of RVG
contributes to these electrophysiological and behavioral observations, without
generating any histopathological or neuroinflammatory changes in the hippocampus

(Ghassemi et al., 2021a, 2021b).

Anxiety and fear are well known symptoms seen in the rabies patients (Lindtjarn,
1982). Hypothalamus is the remarkable brain region involved in fear response (Steimer,
2002). Meanwhile, hippocampus and amygdala have a key role in modulating fear
and anxiety. The limbic system structure, hippocampus controls hypothalamic stress-
response system and exerts negative feedback to hypothalamic—pituitary—adrenal

(HPA) axis. In addition, the evolutionarily ancient limbic system structure, the amygdala
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is responsible for the expression of fear and aggression as well as species-specific
defensive behaviors, and formation and retrieval of emotional and fear-related

memories (Martin et al., 2009).

In line with the previous studies substantiating the role of RVG in the behavioral
changes seen in rabies, we supposed that RVG might also contribute to the anxiety
behaviors via interaction of its PBM with the PDZ of neural cells. Therefore, we
assessed the anxiety-like behaviors and HPA axis response of rats with RVG and/or

ARVG infection in hypothalamus, dorsal hippocampus, and amygdala.
2. Materials and methods
2.1. Lentiviral vector production and titration

Two lentiviral vectors encoding RVG, and or ARVG of challenge virus standard (Fig.1)
were constructed according to the previously described method (Ghassemi et al.,
2021b). Briefly, HEK 293T cells were cultured in Dulbecco's Modified Eagle Medium
(DMEM, with 10 % FBS and 100units/ml penicillin/streptomycin) under 37 °C and 5 %
CO2 incubation. Plasmids encoding either full-length RVG of challenge virus standard
CVS (G-CVS) or ARVG were kindly provided by Christophe Prehaud
(Neuroimmunologie Virale, Institute Pasteur, Paris, France) and sub-cloned in Plenti7.3
with eGFP genome (Invitrogen, France) containing cytomegalovirus (CMV) promoter.
The HEK 293T cells were transfected with envelope (G protein of VSV), transfer (p-
Lenti-G-CVS) and packaging (pMDLg, pRRE and pRSV/Rev) plasmids by calcium
phosphate method. After 24 h, the medium was replaced by fresh medium containing 2

% FBS and the cells were incubated for 48 h. The medium was then collected by 5 min
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centrifugation at 1000 xg and 4 °C. The supernatant was filtered through a 0.45 um poly
ether sulfone filter. Viral particles were then centrifuged at 50000xg and 4 °C for 2 h.
The pellet was suspended in phosphate-buffered saline (PBS)-BSA 1 % solution.
Different aliquots were then prepared and kept in —80°C until use. In order to determine
virus titration, the overnight cultured HEK 293T cells were transduced by the serial
dilutions of the lentiviral vector. Number of GFP-positive cells in each dilution was
determined under a fluorescent microscope (Nikon, Japan) at the day 3. The functional

vector titer (transducing units, TU) was measured using the following formula:

Titer / (TU/ ml) = [GFP-positive cells x number of cells on the transduction day (5 X

10%)]/dilution
2.2. Animals and Stereotaxic surgery

Adult male Wistar rats (220 g to 250 g, Pasteur Institute of Iran, n = 134) were used in
this study. Experiments were adjusted in accordance with the Review Board and Ethics
Committee of Pasteur Institute of Iran (Authorization code 93-0201-785, 22 April 2014)
and conform to Council Directive 2010/63EU of the European Parliament, and the
Council of 22 September 2010 on the protection of animals used for scientific purposes.
Rats were anesthetized by ketamine (100 mg/kg, i.p.) and xylazine (10 mg/kg, i.p.).
Intracranial injection was performed by stereotaxic surgery. Briefly, 2ul PBS or lentivirus
containing RVG or ARVG, was delivered bilaterally into hypothalamic PVN (AP = - 1.7,
ML= + 0.4, DV= - 7.8), or dorsal hippocampus (AP= - 3.6, ML= + 2, DV= - 2.2), or
amygdala (AP= - 1.4, ML= = 3.5, DV= - 5.1) through a Hamilton microsyringe
connected to microinfusion pump, according to coordinates of the atlas of rat brain

(Paxinos and Watson, 2006).
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2.3. Histology

The presence of GFP-positive cells was examined in the injected area one week or two
weeks after intracranial microinjection of the lentivector according to the previously
described method (Ghassemi et al., 2021b). Briefly, rats were anesthetized and
perfused transcardially with 4 % paraformaldehyde. Brains were then removed, post-
fixed in 2 % paraformaldehyde, processed and embedded in paraffin blocks. Using a
microtome, the brains were horizontally sliced into 5 um thickness. The sections were
mounted with 90 % glycerol/PBS buffer and observed in the dark room under
fluorescent microscope (Nikon, Japan) equipped with specific filter cube for FITC
fluorescence channels. Digital photographs were taken using 10x and 20x objective

lenses.

2.4. Elevated plus maze task

Elevated plus maze (EPM) was a plus shape apparatus elevated 50 cm above the
ground. It consisted of two open arms (45 cm x 10 cm long and width, respectively), two
enclosed arms (45 cm x 10 cm x 30 cm, long, width and high respectively), and a
middle compartment (10 cm x 10 cm). Thirty min before starting the test, rats were
moved to the testing room under dim light in order to familiarization. Each rat was
positioned in the middle compartment while it was facing to an open arm and permitted
to freely search the maze for 5 min. Ethanol 70 % was used to clean the maze after
each 5 min run. Locomotion was recorded by a CCD camera (Panasonic Inc, Japan)
hanging from the ceiling above the maze, digitized and saved to the computer by a
video tracking software (Ethovision, versionXT7, The Netherlands). The duration / s

spent in the open and enclosed arms was recorded. The parameters of percentage of
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time elapsed in enclosed and open arms, percentage of enclosed arms entries and total

distance moved were analyzed.
2.5. Open field test

Locomotor and exploratory activity of rats was measured by an open field (OF)
apparatus (75 cm x 75 cm x 40 cm). Rats were placed individually into the center of the

field, and the total distance during 20 min was recorded by the CCD camera.
2.6. Measuring corticosterone serum level

One week after microinjection of lentivectors or vehicle, animals were anesthetized with
ketamine and xylazine. The arterial blood was collected via inserting a 23 gauge needle
into the left ventricle. Serum was obtained by 3000 xg centrifugation of blood samples
for 5min. Then the serum samples were maintained at —20 °C until use. Corticosterone
concentration in serum was measured using a commercial rat corticosterone ELISA kit

(ZellBio GmbH, Germany) according to the instructions of the manufacturer.
2.7. Experimental design

Experimental design of the study is presented in Fig. 2. Two main experiments were
designed. First experiment (Fig. 2A) comprised 3 sub-experiments with 3 groups in
each. The lentiviral vectors or vehicle were microinjected into the paraventricular
nucleus (PVN) of hypothalamus (sub-experiment # 1, n = 42), or dorsal hippocampus
(sub-experiment # 2, n = 21), or basolateral amygdala (BLA, sub-experiment # 3, n =
21). Three groups in each sub-experiment were allocated as control, RVG, and ARVG
(7 rats in each group) in which animals received PBS, or lentivector containing RVG or
ARVG through stereotaxic microinjection. Rats with intra-PVN microinjections are

8
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divided into two subgroups (21 rats in each subgroup). OF as well as EPM tests
performed one week (Day 7 and Day 8, respectively) and two weeks (Day 14 and Day
15, respectively) after microinjections. In sub-experiments # 2 and # 3, OF and EPM
tasks performed only at one week (Day 7 and Day 8, respectively) post-injection period.
After performing the tasks, the brain of the animals was dissected out for histological
analyses. In the second main experiment (Fig. 2B), the 3 sub-experimental groups (4
rats in each group) received lentiviral vectors (RVG or ARVG) or vehicle intra PVN, or
intra dorsal hippocampus, or intra BLA. The serum level of corticosterone was
measured one week thereafter. In order to assess proper functioning of EPM test and
HPA response, two more groups were allocated as naive control (n = 7), and positive
control (caffeine 60 mg/kg, i.p., n = 7) groups (Fig. 2C). Thirty min after the injection

EPM task performed. Then, the serum level of corticosterone was measured.
2.8. Data analysis

The data are expressed as Mean + SEM and processed by Graph Pad Prism 6.0.
Kolmogorov-Smirnov test was used to check the normal distribution of the data. The
data with normal distribution were analyzed by the Un-paired student’s t-test or One-
way analysis of variance (ANOVA) with Tukey post-hoc test. The data of corticosterone
level in the hypothalamus, amygdala, and caffeine experiments did not follow a normal
distribution. Therefore, they were analyzed by the nonparametric Kruskal-Wallis test
followed by Dunn's multiple comparisons test. In all cases, a P < 0.05 was considered

statistically significant.

3. Results
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A titer of 108 transduction units/ml was obtained consistently.
3.1. Caffeine induced anxiety-like behaviors in elevated plus maze test

Fig. 3 demonstrates the caffeine effect on EPM task. The Un-paired student’s t-test
revealed that caffeine caused rats spent less time in the open arms (Fig. 3A, P < 0.001
compared to control). They also showed less entries to the open arms (P < 0.01
compared to control, Fig. 3B). This data indicate that our EPM set up works properly,
and truly shows the anxiety-like state of rats.

Caffeine also induced longer distance moved (Fig. 3C) and greater number of total
entrance to the both close and open arms (Fig. 3D) in contrast to the control group (P <
0.0001 and P < 0.05, respectively). These findings show positive impact of caffeine on
motor behavior. Non-parametric Kruskal Wallis test followed by Dunn's multiple
comparisons test revealed that exposure to EPM did not change corticosterone level of
rats (Fig. 3E). However, caffeine could significantly increase corticosterone level (P <

0.01 compared to control Fig. 3E).
3.2. Expression of RVG in hypothalamic PVN induced anxiety-like behaviors

Fig. 4 shows the schematic loci of rat hypothalamic PVN (Fig. 4A) and green cells
expressing RVG (Fig. 4 B and C) or ARVG (Fig. 4 D and E) indicating successful
expression of GFP/RVG or GFP/ARVG in PVN one week after microinjection of the
lentivector.

The corticosterone serum level of the experimental groups one week after injection of
the lentivectors is demonstrated in Fig. 4F. Rats expressed RVG in PVN had a

significantly higher corticosterone level compared to control group (P < 0.05). However,
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ARVG expression in PVN could not significantly change the corticosterone level
compared to control rats. The difference in corticosterone level between RVG- and
ARVG-infected rats was not significant (P > 0.05).

Analysis of the OF task revealed no significant difference in the time spent in the center
zone among groups at one week post-infection period (Fig. 4G). One way ANOVA
revealed a significant difference in the entire distance moved among groups one week
after lentivector injection (F (2, 14) = 10.43, P = 0.001). As depicted in Fig. 4H, rats in
RVG group traveled longer distance than control group (P < 0.01). However, rats
expressing ARVG moved less distance than RVG group (P < 0.001). No significant
difference was found between control and ARVG group in the traveled distance. The
difference in the ratio of entrances from center to the surround was not significant
among the experimental groups at one week after lentivector injection (Fig. 4l). Fig. 4J
shows locomotion speed of rats expressing RVG/ARVG in the PVN. At one week after
lentivector injection, RVG-expressed rats showed higher velocity than control (P < 0.05)
and ARVG (P < 0.01). No significant difference was found between ARVG and control
groups.

Fig.4 K-N show the EPM data one week after delivering RVG/ARVG containing lentiviral
vectors into the PVN. One way ANOVA revealed a significant difference in the time
elapsed in the enclosed arms among groups (F (2, 22) = 9.560, P = 0.001). Tukey post-
test demonstrated that rats expressing RVG in the PVN spent more time in the enclosed
arms at one week (Fig. 4K) after lentivector injection (P < 0.001, compared to control
group). The preference to remain in the enclosed arms in rats expressing ARVG was

similar to the control group with no significant difference. The difference between ARVG
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and RVG groups in the duration remaining in the enclosed arms was significant (P <
0.001, Fig. 4K). The percentage of time spent in the open arms was also significantly
different among groups (F (2, 17) = 32.10, P < 0.0001) at one week post infection. Rats
expressing RVG in the PVN spent less time in the open arms (P < 0.0001, compared to
control group, Fig. 4K). Significant differences were also found between RVG and
ARVG (P < 0.01) groups. No significant difference in the enclosed and open arm entries
(Fig. 4L), the total distance moved (Fig. 4M) and the total number of entrances to the
arms were found between groups at one week post-infection (Fig. 4N).

Two weeks after microinjection of the lentivector into PVN, RVG (Fig. 5 A and B) or
ARVG (Fig. 5 C and D) was successfully expressed. No significant difference was found
among groups in the time spent in the OF center zone (Fig. 5E). One way ANOVA
revealed a significant difference in the total distance moved among groups (F (2, 17) =
4644, P = 0.0246). RVG expressing rats traveled longer distance in the OF task
compared to the control group (P < 0.05, Fig. 5F). No significant difference in the center
to corner entrance ratio was found among groups in the OF test at two weeks post-
infection (Fig. 5G). There was also no significant difference in the locomotion speed of
the experimental groups at two weeks after lentivector injection into PVN (Fig. 5H).

Fig. 5I-L show EPM task two weeks after lentivector injection into PVN. One way
ANOVA showed a significant difference in the time elapsed in enclosed arms among the
groups (F (2, 14) = 16.40, P = 0.0002). Tukey post-test revealed that rats expressing
RVG in the PVN spent more time in the enclosed arms (P < 0.01, Fig. 51). No significant
difference in the preference to remain in the enclosed arms was found between control

and ARVG group. The difference between ARVG and RVG groups in the duration
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remaining in the enclosed arms was significant (P < 0.001, Fig. 51). The time spent in
the open arms was also significantly different among groups (F (2, 17) = 31.37, P <
0.0001) at two weeks post-infection period. RVG group spent less time in the open arms
(P < 0.001, compared to control group, Fig. 5l). Significant differences were also found
between RVG and ARVG (P < 0.001) groups. No significant difference in the enclosed
and open arms entries (Fig. 5J), the travelled distance (Fig. 5K) and the total arms

entries (Fig. 5L) were found between groups at two weeks post-infection period.

3.3. Expression of RVG in dorsal hippocampus did not induce anxiety-like behaviors

Fig. 6A shows schematic coronal section of the dorsal hippocampus in rats. The
representative fluorescent images of dorsal hippocampus one week after microinjection
of the lentivector containing RVG or ARVG are presented in Fig. 6B-C and Fig. 6D-E,
respectively. Green fluorescent cells indicate successful expression of RVG/GFP or
ARVG/GFP in CA1 and dentate gyrus regions (Fig. S1).

The serum corticosterone level of the experimental groups is demonstrated in Fig. 6F.
One way ANOVA showed different concentration of the corticosterone among the
groups (F (2, 15) = 9.89, P = 0.0018). Corticosterone level significantly increased in
both RVG and ARVG groups compared to the control (P < 0.01). No significant
difference was found between RVG and ARVG groups.

Fig. 6G-J show the OF task in the experimental groups. One way ANOVA revealed a
significant difference in the time spent in the center zone among groups (F (2, 15) =
16.04, P = 0.0002). Rats expressing RVG and ARVG in dorsal hippocampus spent less
time in the center zone compared to the control (P < 0.001and P < 0.01, respectively)

group (Fig. 6G). No significant difference in the entire traveled distance (Fig. 6H) and
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the speed of movement (Fig. 6J) was found between groups. Rats expressing RVG and
ARVG showed significant decrease in the center to the surround entrance ratio
compared to the control group (F (2, 20) = 4.236, P < 0.05, Fig. 6l).

The lowest panel shows EPM task in the experimental groups. Rats expressing RVG in
the dorsal hippocampus remained mainly in the enclosed arms (Fig. 6K, P < 0.05
compared to control group). No difference was found between ARVG and control group
in the time spent in enclosed arms. There was significant difference between RVG and
ARVG in the time remaining in the enclosed arms (P < 0.001). No significant difference
was found among the experimental groups in the time spent in the open arms (Fig. 6K).
Also, there was no significant difference in percentage of entries to the enclosed and
open arms among groups (Fig. 6L). One-way ANOVA showed a significant difference in
the total distance moved among groups (F (2, 20) = 4.925, P = 0.0182). RVG and
ARVG expressing rats traveled longer distance compared to the control group (P <
0.05, Fig. 6M). However, no significant difference in the total arm entries was found

between RVG and ARVG groups (Fig. 6N)

3.4. Expression of RVG in amygdala induced anxiety-like behaviors

Fig. 7A shows schematic coronal section of the amygdala region. Green fluorescent
cells in the amygdala one week after microinjection of the lentiviral vectors indicate
expression of GFP/RVG and GFP/ARVG in the amygdala (Fig. 7B-C and D-E,
respectively). Non-parametric analysis via Kruskal-Wallis test revealed no significant
difference in corticosterone level among experimental groups (P = 0.1668, Fig. 7F).

Fig. 7G-J show the OF task. Rats expressing RVG in amygdala spent less time in the

center zone compared to the control (P < 0.05) and ARVG (P < 0.05) group (F (2, 16) =

14
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5.617, P = 0.0142, Fig. 7G). RVG expressing rats travelled longer distance than control
(P < 0.001) and ARVG (P < 0.05) group in the OF test (F (2, 16) = 10.65, P = 0.0011,
Fig. 7H). No significant difference in the center to surround entrance ratio was found
among groups (Fig. 71). Intra-amygdala RVG expressing group showed higher speed
movement in OF compared the control (P < 0.001) and ARVG (P < 0.01) group (F (2,
16) = 17.99, P < 0.0001, Fig.7J). There was no significant difference in the velocity
between control and ARVG in the OF test.

Fig. 7K-N demonstrate EPM task of rats. One way ANOVA revealed a significant
difference in the time spent in the enclosed arms among groups (F (2, 16) = 6.248, P =
0.0099). RVG expression in amygdala enhanced the time elapsed in the enclosed arms
(P < 0.01 compared to the control group, Fig. 7K). However, no significant difference
was found between RVG and ARVG groups in the time spent in enclosed arms. RVG
group spent less time in the open arms (F (2, 16) = 5.163, P = 0.0186, Fig. 7K)
compared to the control and ARVG groups (P < 0.05). No significant difference was
found between control and ARVG groups. Intra-amygdala injection of RVG or ARVG did
not change percentage of enclosed and open arm entries (Fig. 7L). One way ANOVA
revealed significant difference in the total distance moved among groups (F (2, 16) =
24.28, P = 0.0186, Fig. 7M). Tukey post-test analysis indicated a significant difference in
the entire distance moved between RVG and control groups (P < 0.001, Fig. 7M). RVG-
expressing rats also travelled longer distance than ARVG group (P < 0.001) but no
difference was found between control and ARVG group. Intra-amygdala RVG

expressing rats also showed greater total number of arm entries (F (2, 15) = 9.991, P =
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0.0017, Fig. 7N) compared to the control group (P < 0.01). No difference was found

between RVG and ARVG group.

4. Discussion

We found in this study that infecting hypothalamic, and amygdala neurons with RVG
induces anxiety-like behaviors in rats. PBM of RVG was involved in the observed
anxiety-like behaviors. Infection of hypothalamus and dorsal hippocampus was
accompanied by increase of serum corticosterone level indicating response of HPA axis

to RVG infection.

Animal and human findings indicate RABV markedly infects the brain regions involved
in anxiety, including hypothalamus (Preuss et al., 2009) hippocampus (Stein et al.,
2010; Song et al., 2013) and amygdala (Dolman and Charlton, 1987; Suja et al., 2011).
We found that infection of the PVN of hypothalamus by RVG increased OF parameters,
including the total distance moved and the velocity, and significantly decreased the time
spent in the open arms of EPM. Yet, the other index of anxiety in EPM, i.e., the number
of entries to the open arms was not changed. It is believed that the percentage of time
spent in the open arms is more indicative parameter compared to the number of entries,
and reflects increased aversion to the open arms due to increased fear or anxiety
(Pellow et al., 1985). Therefore, it seems that PVN infection with RVG induces both
anxiety-like behaviors and locomotor hyperactivity in rats. These behavioral changes
were not seen in the ARVG-infected rats, indicating involvement of PBM of RVG in the
both anxiety-like behaviors and locomotor hyperactivity. In addition, RVG but not ARVG
infection of the PVN was accompanied by HPA axis response. The corticotrophin-

releasing hormone (CRH) neurons are the main neural population in PVN. CRH
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neurons have a major role in manifestation of anxiety-like behaviors. The selective
deletion of CRH neurons in PVN markedly attenuates anxiety-like behaviors in mice in
various models of anxiety including open field and EPM tests (Zhang et al., 2017). CRH
fibers in PVN project widely to the brain regions with potential role in anxiety behaviors
including cerebral cortex, amygdala, septum, bed nucleus of the stria terminalis, and
accumbens nucleus (Zhang et al., 2017). Meanwhile, CRH neurons in PVN synchronize
endocrine, autonomic, and behavioral responses to stress through direct control of HPA
axis. CRH stimulates secretion of ACTH from anterior pituitary, which in turn promotes
production and secretion of corticosteroids from the adrenal cortex into blood stream.
Schutsky et al., (2014) reported a 12-fold increase in brain and serum corticosterone
levels in RABV-infected mice. They concluded that activation of HPA axis contributes to
pathogenesis of RABV (Schutsky et al., 2014). Intriguingly, in our study infecting PVN
with ARVG did not increase serum corticosterone level. Therefore, the PBM of RVG

might be responsible for the HPA axis activation observed in our study.

We have previously observed that infection of the dorsal hippocampus by RVG,
increased fear-related memory in rats (Ghassemi et al., 2021b). Meanwhile, there are
evidence indicating that regardless of the key role of the ventral hippocampus in the
anxiety-like behaviors (Kjelstrup et al., 2002; Bannerman et al., 2004; McHugh et al.,
2004) dorsal hippocampus also modifies emotional processes such as fear and anxiety
behaviors (File et al., 2000; Solati et al., 2010). Therefore, it was interesting to witness
anxiety-like behaviors of rats with dorsal hippocampus RVG infection. RVG infection of
dorsal hippocampus did not alter the OF parameters of the locomotor activity. Yet,

duration in the center zone and center to corners entrance ratio were significantly

17



386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

reduced in the infected rats. It is shown in rodents that the time spent in the OF central
zone often positively correlates with the time spent in EPM open arms (Walf et al.,
2007). In our study, no significant difference in % time spent in and % entries to open
arms was observed between rats with dorsal hippocampus infection and the uninfected
control rats. Therefore, RVG did not induce anxiety-like behaviors in rats with dorsal
hippocampus infection. This finding might be due to the weak role of dorsal region of the
hippocampus in anxiety-related behaviors, and that the ventral hippocampus specifically
controls the fear and anxiety-like behaviors (Kjelstrup et al., 2002; Bannerman et al.,
2004; McHugh et al., 2004). In our study Both RVG and ARVG expression in dorsal
hippocampus was accompanied by significant increase in serum corticosterone level.
Therefore, it seems PBM of RVG is not involved in HPA axis response. Anatomical
(hippocampal projections to hypothalamus) and pharmacological (expression of
glucocorticoid receptors in the hippocampus) evidence (Jacobson and Sapolsky, 1991),
point out a dual (both negative and positive) role of hippocampus, as a regulator of HPA
axis response, depending on the ventral or dorsal hippocampus involvement. Ventral
hippocampus exerts an inhibitory influence on PVN and blunts HPA axis response to
the basal and stress-induced glucocorticoid levels (Jankord and Herman, 2008).
Whereas, electrical stimulation of dorsal CA1 hippocampal neurons increases plasma
corticosterone level in anesthetized (Dunn and Orr, 1984), as well as conscious non-
stressed (Casady and Taylor, 1976) rats. The different response of HPA to the dorsal
and ventral hippocampal stimulation is attributed to different efferent projections of
ventral and dorsal CA1 to the other brain regions (Casady and Taylor, 1976). Given the

crucial role of the ventral hippocampus in anxiety, measuring the anxiety-like behaviors
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and HPA response after infection of ventral hippocampus with RVG is needed to further

elucidate how different parts of hippocampus interact with RVG.

In our study infection of amygdala by RVG increased the indicators of locomotor and
exploratory activities in both OF and EPM tests. These parameters were not changed in
rats with amygdala ARVG infection. Thus, it seems that similar to PVN, the positive
effect RVG on locomotor and exploratory activities of rats with amygdala infection is
also mediated via the PBM of RVG. Meanwhile, rats with amygdala RVG infection
stayed less time in the open arms of EPM compared to control and ARVG-infected rats.
On the other hand, no change in the number of entries to the open arms was observed.
Consistent with this finding, rats with RVG, but not ARVG, infection in amygdala spent
less time in the center zone of the OF task. Hence, it is suggested that infection of
amygdala by RVG induces anxiety-like behaviors through the PBM of RVG. In line with
our results, pharmacological studies in experimental animals suggest that activation of
BLA is anxiogenic, whereas its inhibition is anxiolytic (Truitt et al., 2009; Felix-Ortiz et
al., 2013, Prager et al., 2016). We found that infecting BLA neurons by RVG did not
promote HPA response and alteration in corticosterone serum level. It is well known that
electrical stimulation of the amygdala is associated with an increase in corticosteroid
secretion in humans and experimental animals (Jankord and Herman, 2008). There are
marked subregional differences within the amygdala in activating HPA axis. It is
believed that the central and medial amygdaloid nuclei intensify HPA axis responses to
acute stress. However, the BLA is involved in chronic stress, which depending on the
case, can either facilitate or inhibit the HPA axis response (Jankord and Herman, 2008;

Myers et al., 2012). Our finding of no change in corticosterone level of rats with RVG-
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infection in BLA might be the outcome of both facilitation and inhibition of HPA response

processes within BLA.

It is well known that RABV retains viability of the infected neurons via selective
association of PBM of RVG with the PDZ domain of neuronal microtubule associated
serine/threonine kinase (MAST) 2 (Terrien et al., 2012). In fact, MAST2 and PTEN
(phosphatase and tensin homolog deleted on chromosome 10) negatively regulate cell
survival pathways via formation of PTEN-MAST2 complex. The surface structure of
PBM-RVG is largely similar to the carboxy-terminal PDZ domain-binding site of PTEN,
and they compete with each other for binding to MAST2-PDZ. Ultimately, formation of
the PTEN-MAST2 complex is disturbed by RVG and leads to neuronal survival (Terrien
et al.,, 2012). Interestingly, it is reported that deletion of PTEN in somatostatin-
expressing-GABAergic neurons impairs learning, and increases anxiety-like behaviors
in mice in EPM and open field tests (Shin et al., 2021). It is not unlikely that expression
of PBM-RVG in the brain regions involved in anxiety including hypothalamus, and
amygdala could in the same way disrupt PTEN signaling pathways and result in anxiety-
like behaviors in rats with RVG infection. Exploring the PDZ protein targets of PBM of

RVG needs to be elucidated in future studies.

One of the most curious aspects in Rabies pathology is alterations in the function of
infected neurons without any remarkable neuroinflammation and cell death (Baloul and
Lafon, 2003; Scott et al., 2008; Lafon, 2011; Fooks and Jackson, 2020). These
functional changes are attributed to impairment in the neurotransmission of mainly
acetylcholine, serotonin and gamma-aminobutyric acid (GABA), as well as

overproduction of nitric oxide (Fu and Jackson, 2005). Among the neurotransmitter
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receptors, nicotinic acetylcholine receptors (nAChR) were the first receptors recognized
in RABV pathogenicity (Lentz et al., 1982). It is shown that a short region in the
ectodomain of RVG is able to inhibit a4p2 nAChR, the predominant subtype of nAChR
in CNS, and thereby increase locomotor activity of mice (Hueffer et al., 2017). This
study supports our finding on the increase locomotor activity of rats with RVG infection
in hypothalamus and amygdala. Meanwhile, the pivotal role of nAChRs containing o432
subunits in anxiety is established by several studies. It is shown that pharmacologic
activation of a4p2 nAChRs elicits anxiolytic behavior (Brioni et al., 1994), decreases
anxiogenic-like effect of nicotine withdrawal (Decker et al., 1994) and blocks anxiolytic
effect of nicotine administration (Decker et al., 1995) in EPM test. Abundant expression
of NnAChRs and their contribution to HPA axis activity, stress and anxiety behavior are
well described for PVN of hypothalamus (Balkan and Pogun, 2018), dorsal
hippocampus (File et al., 2000), and BLA (Mineur et al., 2016; Sharp, 2019). Therefore,
blocking nAChRs function by RVG via its PBM might also play a role in the anxious-like

behaviors as well as the elevated locomotion of the RVG-infected rats in our study.

Nitric oxide (NO) is a gaseous signaling molecule and the key messenger of innate
immune system contributing to variety of physiological and pathophysiological
processes. Expression of inducible nitric oxide synthase (iNOS) gene and synthesis of
NO are strongly upregulated in the brain during RABV infection and implicated in clinical
signs and histopathological lesions of the infected rodents (Fu and Jackson, 2005). In
accordance with these findings, treatment of RABV-infected mice with a selective
inhibitor of INOS significantly reduced viral load and apoptotic cells and delayed

development of clinical signs and the death of the infected mice (Fu and Jackson,
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2005). On the other hand, several clues indicate potential role of NO in anxiety and HPA
axis hyperactivity. NOS is expressed in brain areas involved in anxiety including
amygdala, hippocampus and hypothalamus; and NO generation in these areas are
accompanied by HPA axis hyperactivity (Zhou et al., 2018). In addition, pharmacological
evidence indicate that overproduction of NO exerts anxiogenic effect in rodents (Zhou et
al., 2018; Zhu et al., 2018). We did not measure NO level and NOS expression in the
brain of the RVG-infected rats. However, it is likely that similar to RABV, RVG would
also stimulate overexpression of NOS, leading to NO increase and anxiety behavior.
Meanwhile, NOS possesses a PDZ domain interacting with other proteins. One of these
proteins is a scaffolding protein known as carboxy-terminal PDZ ligand of NOS
(CAPON), whose overexpression induces anxiety behaviors in mice in EPM test (Zhu et
al., 2018). It is possible that PBM-RVG might act similar to CAPON, and interacts with
PDZ domain of NOS, promoting anxiety in the RVG-infected rats. In support of this
suggestion and considering the structure similarity between PBM-RVG and CAPON, it
is known that CAPON regulates dendritic spine development, outgrowth and branching
(Richier et al., 2010). Intriguingly, RVG and some peptides derived from RVG are also
able to promote neurite outgrowth via their C-terminal PBM (Khan et al., 2019).
Furthermore, electrophysiological evidence indicate that CAPON enhances synaptic
functions of rat cortical neurons via changing spine numbers, morphology and
maturation (Hernandez et al., 2016). In line with this report, we have also reported
recently that RVG expression in rat hippocampal neurons increases synaptic plasticity

(Ghassemi et al., 2021a). Biophysical and spectrometric studies are needed to examine
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the extent of affinity and surface interaction of RVG and CAPON with PDZ domain of

NOS.

In conclusion, the results of the present study further expand our understanding of
RABV's ability to alter the mental status of the infected host by its glycoprotein spikes.
Anxiety disorders might be developed or provoked in the infected patient without any
characteristic symptoms of rabies. It is reported that rabies can be contracted to
humans by inconspicuous routes via wild animals or even asymptomatic pets, such as
through saliva drops entering the eye or nose, or animal licks on even minor scratches
and wounds; For instance, a difficult-to-diagnose case of rabies is reported in a patient
with a state of anxiety and depression without an apparent animal bite (Prabhakar and
Monsy Abraham, 2006). These inconspicuous routes of transfer and possible delayed
onset of severe symptoms, might lead to undiagnosed rabies cases in humans. On the
other hand, in recent years, some research is being conducted on possible agents and
protocols to prevent the fatal outcome of the rabies disease even in clinical stages; i.e.
when the RABV has infilirated the nervous system and brain (El-Sayed, 2018).
Therefore, even later diagnosis of the disease and administration of recommended
protocols might save the patients. In cases of idiopathic anxiety, RABV infection can be
considered as a possible culprit, and it must not be overlooked and rabies diagnostic
tests are recommended. On the other hand, the prevalence and burden of anxiety
disorders (and mental disorders overall) have even increased in recent years after
emergence of the COVID-19 pandemic (COVID-19 Mental Disorders Collaborators,
2021). This growing trend necessitates discovery and development of new anti-anxiety

drugs more than before. Further studies on anxious-like effect of RVG and its PBM,
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might open a new avenue in discovery of novel targets for development of new

anxiolytic drugs.

Limitations

Our study has some limitations. We did not test effect of the empty vector, which is
just expressing GFP, on the anxiety-like behaviors and serum corticosterone level.
Since the PDZ binding domain is deleted in ARVG, it can be therefore regarded as the
appropriate matched reference for RVG. Therefore, we used ARVG as the reference for
RVG. Expression of ARVG in PVN of hypothalamus and BLA was not associated with
significant change in the anxiety-like behaviors compared to the control group. RVG and
ARVG expression in the dorsal hippocampus also did not change anxiety-like behaviors
but increased corticosterone level. Yet, including an empty vector in the experimental
groups should be taken into account for future studies.

The other limitation of our study is that it does not provide any information regarding
the role of RVG in the fear-related behaviors. Although EPM is a model of defensive fear
responses during exposure to a potentially threatening environment, it does not cover all
aspects of fear-related behaviors. Hydrophobia is the most prominent feature of rabies.
Role of RVG and its PBM in the fear-related behaviors needs to be assessed in the

more specific animal models of fear.
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Figures caption

Fig. 1. Structures of RVG and ARVG peptides.

The full-length RABV G-protein (RVG) is a 524-aa type | glycoprotein. RVG is attached to the
endoplasmic reticulum (ER) and plasma membranes via its unique transmembrane domain
(TM) and signal peptide (SP). The ectodomain (EC) of the G-protein is located within the luminal
compartment of the ER initially, and then at the cell surface after fusion to the plasma

membrane. During G-protein trafficking from the ER to the plasma membrane, the cytoplasmic
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domain (Cyto) containing the C-terminal PBM is always exposed to the cytoplasm of the
somato-dendritic neuronal area, where it can interact with cellular partners. ARVG is generated
by deleting four amino acids of the C-terminal PBM-RVG (Khan et al., 2019). The image is from

Ghassemi et al., 2021b.

Fig. 2. Schematic representation of experimental timeline of the behavioral, histological and
biochemical assays. EPM: Elevated Plus Maze, OF: Open-Field, HPA: Hypothalamus-Pituitary-

Adrenal axis.

Fig. 3. Impact of caffeine on indices of the elevated plus maze and response of hypothalamus-
pituitary-adrenal axis in rats. Data are expressed as Mean + SEM, and analyzed by the Un-
paired student’s t-test. The data of corticosterone level were analyzed by the nonparametric

Kruskal-Wallis test. *P < 0.05, **P < 0.01, and ***P < 0.001 compared to corresponding control

group.

Fig. 4. Effect of RVG or ARVG expression in the hypothalamic paraventricular nucleus of rats
on the open field and elevated plus maze tasks, as well as serum corticosterone level one week
after microinjection of the lentiviral vectors containing RVG or ARVG. A: Schematic loci of
hypothalamic paraventricular nucleus is shown in the red box. B-C and D-E show representative
fluorescent green cells indicate RVG/GFP and ARVG/GFP expression, respectively, in neurons
of hypothalamic paraventricular nucleus one week after microinjection of the lentiviral vectors
containing RVG or ARVG. Magnification: 10x (B) and 20x (C), scale bar: 50 um. F: The serum
level of corticosterone one week after injection of the lentivectors. G-J: The open field data one
week after injection of the lentivectors. K-N: The elevated plus maze data one week after
injection of the lentivectors. Data are expressed as Mean * SEM and analyzed by one-way
ANOVA and Tukey post-hoc test. The data of corticosterone level were analyzed by the
nonparametric Kruskal-Wallis test. *P < 0.05, **P < 0.01, and ***P < 0.001 compared to
corresponding control group. P < 0.01 and ""P < 0.001 compared to the RVG group.
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Fig. 5. Effect of RVG or ARVG expression in the hypothalamic paraventricular nucleus of rats
on the open field and elevated plus maze tasks, as well as serum corticosterone level two
weeks after microinjection of the lentiviral vectors containing RVG or ARVG. A-B and C-D show
representative fluorescent green cells indicate RVG/GFP and ARVG/GFP expression,
respectively, in neurons of hypothalamic paraventricular nucleus two weeks after microinjection
of the lentiviral vectors containing RVG or ARVG. Magnification: 10x (B) and 20x (C), scale bar:
50 um. E-H: the open field data, and I-L: the elevated plus maze indices two weeks after
injection of the lentivectors. Data are expressed as Mean = SEM and analyzed by one-way
ANOVA and Tukey post-hoc test. *P < 0.05, **P < 0.01, and **P < 0.001 compared to
corresponding control group. P < 0.001 compared to the RVG group.

Fig. 6. Effect of RVG or ARVG expression in the dorsal hippocampus of rats on the open field
and elevated plus maze tasks, as well as serum corticosterone level. A: Schematic loci of dorsal
hippocampus is shown in the red box. B-C and D-E show representative fluorescent green cells
indicate RVG/GFP and ARVG/GFP expression, respectively, in neurons of dorsal hippocampus
one week after microinjection of the lentiviral vectors containing RVG or ARVG. Magnification:
10x (B) and 20x (C), scale bar: 50 um. F: The serum level of corticosterone one week after
injection of the lentivectors. G-J: The open field data one week after injection of the lentivectors.
K-N: The elevated plus maze data one week after injection of the lentivectors. Data are
expressed as Mean + SEM and analyzed by one-way ANOVA and Tukey post-hoc test. *P <
0.05, **P < 0.01, and ***P < 0.001 compared to corresponding control group. P < 0.001
compared to the RVG group.

Fig. 7. Effect of RVG or ARVG expression in the basolateral amygdala of rats on the open field
and elevated plus maze tasks, as well as serum corticosterone level. A: Schematic loci of
basolateral amygdala is shown in the red box. B-C and D-E show representative fluorescent
green cells indicate RVG/GFP and ARVG/GFP expression, respectively, in neurons of
basolateral amygdala one week after microinjection of the lentiviral vectors containing RVG or
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ARVG. Magnification: 10x (B) and 20x (C), scale bar: 50 um. F: The serum level of
corticosterone one week after injection of the lentivectors. G-J: The open field data one week
after injection of the lentivectors. K-N: The elevated plus maze data one week after injection of
the lentivectors. Data are expressed as Mean + SEM and analyzed by one-way ANOVA and
Tukey post-hoc test. The data of corticosterone level were analyzed by the nonparametric
Kruskal-Wallis test. *P < 0.05, **P < 0.01, and ***P < 0.001 compared to corresponding control

group. "P < 0.05, "P < 0.01 and ""P < 0.001 compared to the RVG group.

33



@ NH?2 _[1933 I

RV {102 |

439 aa I 22 aa I 31aa |13 aa COOH
SP EC ™ f B |
Cyto
439 aa I 22 aa I 31aa |9aa COOH
EC ™ PBM

Cyto



Anxiety-like behavior
Histology

‘ HPA response ‘

| Positive control ‘

Cerebral microinjection
of lentivectors

Day0

Cerebral microinjection
of lentivectors

OF EPM
OF EPM
2, | |
Hypothalamus ’ Day7 Day 8 . 1 |
i Day14 Day15 |
Fluorescent
imaging
5 OF EPM
Dorsal Hippocampus
1l 24 | ]
y&! 77 1
Day7 Day8
Fluorescent
imaging

Determination of serum
corticosterone level

24 ]
I ey |
Day0 Day7
Caffeine
(Intraperitoneal injection) EPM
30 min

Day0

Determination of serum
corticosterone level



=
vy

Arms spent time /9
g o =J
ol .

o

e Control e Control
* % % m Caffeine * % m Caffeine
* %
| ™ 80- L o 15000+ - 150- N
é 3© d Q [=]
o g < ‘ - . \ c E * K K g .
3 %01 e il = % 5 10000- -, 2 °E 100-
* B0l & X I =i
N~ £ 40 . - 5 0 g u ’ —3—
| £ . . S £ s000- ¢ " ®E % . .
20- ® n = o L]
& = & L o _%
.
L T U 0-

- - [y ]
L= n (=
L= o o
I i I

Corticosterone /(nML)
on
L=

o

] L] L L ] L]
Enclosed arms Open arms Enclosed arms Open arms Control Caffeine Control Caffeine



o ) o

RVG ARVG

Control

AP= -1.7 ML=2 04, DV=-728

o W w =T o

(s/wo) /A3d0| M

o 0

v <

o o
ol}jel @ouelluo
Sl mr_.._OD\._m“_.r_wu

0.151
0.00

o o
o o O o
(=] o
o ==

Eu\ﬁw:NE
ouelsip |ejol

H-

2500+

L

|

ARVG

8 & & ©°
m\m:n,.u 1931Udd

\2

ul uoneing

*
. e s
—=E— . E‘ A
'y
Control RVG ARVG

RVG ARVG

Control

RVG ARVG

Control

RVG

Control

/

uoipajul-isod £ Aeq

\

N,

S
< <« 2
._.-..__
(I (] IW
o
e oo . =
¢ [5
O
= =) = =
el S )
—

S91IJUD swJe
— jOoJaqunu |ejo]

P
s
A

\RVG

"
-
n
|
RVG

°

® -

-:..I-.t -m

o

e o ©o© ©o o

< = = =
& = = €
wo /panow

=

aJuelsip |ejo)

S

-

"L
Open' arms

m

4

"
Encluséd arms

o o o & & o

%/saljua swy

LI
S o
MWW *_l_n_w..u._ﬁ.. m
Ox g *|< 5
o m « H_r IJ‘ IM.
* t-'o.- o
o
S | §
SEm e '3
ANIEY S S
w
S 8 8 8§ 8
ﬁn\m\ :mammE._.q \

uoipajul-3sod 7 Aeq




L

O

N

o)
- 44 -W
<
S
. M A
E
e | e =
-%i M
]
m ® © T o O
(s/wo) \>u_uo_m>
O
< >
« « [ CE
<]
o
[ m- >
o
©
° -
» o m
O
0w O W © W o
N N v v o ©Q
o o o o o o
O_u.m._ gJUellus
m._m:._._n.u\._mu.:m.u
O
>
llTTll IM
D
. —
* l&l W
©
- - T
o
O
o o o o
o o= ] o
8 & ¢
wo /panow
L. douelsip |e1o]
S
- - =~ o0
-
W)
I S
o
=
o o -_*- L &
__ )
(]
g 2 & °

s/a2uo0z 191udd

ui uoneang \

uolpajul-ysod T Aeqg

N

-
| S
- 4 4 o
.1.._
] . -Wu
@
[=
L L b
*o "B12% B
o
© © o o o
REe &8 7
S91JUD swae
JO Jagqwinu |ejo)
—t
« S
-« 4 < IR
l...-_
O
ll l- -W
©
-
® oo -M
o
e o o ©
o L o o o
nHn o v o v
N N - -
wo /panow
X 3ouelsip |e10]
< _.T ..__m...
e S
. 2
* % |0
wn
« H m
©
W3
L=
-.-J.mou * 2
w
e © @ © o ©
=T == o = «
T 9/salua suuy
[=)
= 0O
« 0
50z W |2
O < S =
o m « * I'.m
* =3
x*L % [0
w
b
> (! E
=]
w [ @ i -m
* -
.o 2
T
o ) =
o Ty

ﬁ W\wE_u juads sway \

uoipajuil-3sod T Aeq




F
'y
ARVG

| ]
RVG

v
*
Control

=

100-

(1/INu) /auoi315021140)

®

=42 DV=-24

AP=-36, ML

ARVG /

RVG

Control

I

N

olleJ sduelljuo
m._mﬂ._OU\Lmu.CmU

©
— (s/wd)/Rpojap
O
* 3 <« -W
l\__
*.h+. 9
(v’
o
oo 4 - &
o
Q
N = S 9 ® N
Ll S . — R — N —

30000
20000+

Eu\_uapoE
aouelsip |ejo)

ARVG

m\m:ou 1931udd
ul uoijeing

_—

RVG  ARVG

Control

RVG

Control

/

\¥

-
< < I
]
|| n
| ]
. “ ot
e o o o o
m =4 m =
$9143uUd swJe
Z Jo laqunu |ejo]
% 4 4 <
* mg" = 5
o L
e o o o o
(=] =] =] =]
= = =) =
- ar ] o -
wo /panow
M 20uelsip |ejol

«4 -4 _* -« -
%
.-ih._“-

- - —*— -
“H] -
-ﬂ_.wni

EEEEE
— -
%/sa11ud sway
5
B o
0 > “4 -
5% & Ak
® B « lll ll -
I'Ifﬂ-
L
v i ]
J i
. L J
e © © © © ©
m =) i=] = o
%/awn} Juads sway

RVG ARVG

Control

RVG ARVG

Control

Open arms

Enclosed arms

Open arms

Enclosed arms

/




ARVG

| |
[
% W=
L |
Cunrtrul R‘»}G

o (=] -+

(1 \,_H..__E /3u0133502110)

F-

#46 DV=-85

AP=-=2T, ML

jRVG/

* Kk
S
[ |
RVG

S
-ﬂﬂ -.W
o
8 o © o
s/wd fAyd0|aA
J
O
l.l < lw
-]
. s n (9
x
S
o e |
=
Q
& = & o
oljeJ aduesjud
S19UJ02 /191ud)
O
|8
< 4 =
m__ “ =

* %
n
-
n
RVG

]
L]
Control

4000+

= o~ -—
wo /panow
aJuelsip |ejol

< 4 $ - L

ARVG

[ ]
-l
. m
) n
Cnnltrul R"J’G

o = = =
L] o~ —

s/a2uoz 1a1uad

ul uoijeing
\© \

N\

[ ]
L 1
Cun'trul

e o o e o
= o] = v
o — —

salIjuUa swe
JO Jaquinu |ejoj
2

O
<
S [
¥ m o
¥* | -~
% = o
°
-
oo e -m
o
§ §EE°
=t ar ] o~ -
wo /panow
S aouelsip |ejol
N = e R
lIﬁ-I -W
-3
Mo |o
2]
“eH L | E
O
=}
o 2
w

e © @ © © o
S o © = W

— 1$\mw_._u:m swy

e Control
Open arms

O
mm h.+n;
m o« ;“
»

% 3%
‘ i
#
Encluséd arms

e 2 @ o o
S & © = W

o
mmm.\w..:_u juads mE._.q\






