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Abstract

Research suggests that maternal immune activation (MIA) during pregnancy increases the risk of
neurodevelopmental disorders including schizophrenia and autism in the offspring. Current
theories suggest that inflammatory mediators including cytokines and chemokines may underlie
the increased risk of these disorders in humans. For example, elevated maternal interleukin-8
(IL-8) during pregnancy is associated with increased risk of schizophrenia in the offspring. Given
this association, the present experiments examined ELR-CXC chemokines CXCL1 and CXCL2,
rodent homologues of human IL-8, and activation of their receptors (CXCR1 and CXCR2) in an
established rodent model of MIA. Pregnant Long Evans rats were treated with the viral mimetic
polyinosinic—polycytidylic acid (polyl:C; 4 mg/kg, i.v.) on gestational day 15. Protein analysis
using multiplex assays and ELISA showed that polyl:C significantly increased maternal serum
concentrations of interleukin-1, tumor necrosis factor, and CXCL1 3 h after administration.
Subsequent experiments tested the role of elevated maternal CXCL1 on behavior of the offspring
by administering a CXCR1/CXCR2 antagonist (G31P; 500 ug/kg, i.p.; 1 h before, 48 and 96 h
after polyl:C treatment). The male offspring of dams treated with polyl:C demonstrated subtle
impairments in prepulse inhibition (PPI), impaired associative and crossmodal recognition
memory, and altered behavioral flexibility in an operant test battery. While G31P did not
completely reverse the behavioral impairments caused by polyl:C, it enhanced PPI during
adolescence and strategy set-shifting and reversal learning during young adulthood. These results
suggest that while polyl:C treatment significantly increases maternal CXCL1, elevations of this
chemokine are not solely responsible for the effects of polyl:C on the behavior of the offspring.
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1. Introduction

Numerous studies have found evidence that maternal infection during pregnancy increases
the offspring’s risk of developing neurodevelopmental psychiatric disorders such as
schizophrenia and autism (Arias et al., 2012; Ashwood et al., 2011; Patterson, 2009). Given
that a variety of pathogens are associated with increase d risk of psychiatric disorders,
exposure of the developing fetus to maternal and/or fetal cytokines released during infection
may alter normal development of the nervous system resulting in the behavioral and
cognitive symptoms (Fineberg and Ellman, 2013; Gilmore et al., 2004; Watanabe et al.,
2010). Chemokines, a sub-class of cytokines with chemotactic properties (Tran and Miller,
2003), and their associated G protein-coupled receptors are involved in brain development
(Arrode-Bruses and Bruses, 2012; Brown et al., 2004; Cho and Miller, 2002; Deverman and
Patterson, 2009; Garay et al., 2013; Ragozzino, 2002) and recent human epidemiological
research has uncovered associations between numerous chemokines and
neurodevelopmental disorders (Ashwood et al., 2011; Reale et al., 2011; Stuart and Baune,
2014). One study of a large birth cohort found correlations between elevated maternal serum
levels of the chemokine interleukin-8 (IL-8) during pregnancy and: 1) the development of
schizophrenia spectrum disorders in adult offspring (Brown et al., 2004); 2) structural brain
alterations, including increased ventricular and decreased cortical volumes, in schizophrenia
patients (Ellman et al., 2010). These findings strongly suggest that pre-natal exposure to
maternal immune activation (MIA) alters the offspring’s development through a mechanism
that is at least partially dependent on IL-8 signaling (Meyer et al., 2011).

Rodent models of MIA have high validity in terms of the underlying etiology, disease
progression, and behavioral symptoms of human disorders including schizophrenia and
autism (Meyer and Feldon, 2012; Meyer et al., 2009; Patterson, 2011; Piontkewitz et al.,
2012). One MIA model involves systemic treatment of pregnant rats or mice with the viral
mimetic polyinosinic—polycytidylic acid (polyl:C). In pregnant mice, polyl:C treatment
increases levels of circulating cytokines including IL-1p, IL-6, IL-10, and tumor necrosis
factor (TNF) in the maternal serum for several hours (Arrode-Bruses and Bruses, 2012;
Meyer et al., 2006a,b) and a critical role for IL-6 in the behavioral effects of MIA on the
offspring of mice has been demonstrated (Smith et al., 2007). Less information regarding the
immune response to polyl:C in pregnant rats is available. One study using pregnant
Sprague—-Dawley rats showed that TNF and IL-10 were significantly increased 3 h following
polyl:C treatment on gestational day (GD) 9 (Song et al., 2011). Given the lack of data in
pregnant rats, we measured the effect of polyl:C treatment on 9 cytokines (IL-18, IL-6, TNF,
CXCL1 (GRO-a/KC), IFNvy, IL-1a, IL-2, IL-4 and IL-10) in the serum of pregnant Long—
Evans rats, which have been used previously to assess the effects of MIA on behavior and
cognition (Howland et al., 2012; Sangha et al., 2014; Zhang et al., 2012). Given the human
epidemiological data reviewed above (Brown et al., 2004; Ellman et al., 2010), we were
particularly interested in the profile of CXCLZ1, the rodent homologue of human IL-8.

As CXCL1 was significantly increased following polyl:C treatment (see the Results
section), our second objective was to test whether blocking the activity of CXCL1 during
MIA would protect against the long-term effects of polyl:C on the offspring. CXCL1 signals
through two receptors (CXCR1 and CXCR2) which can be blocked by the CXCR1/R2
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antagonist CXCL83_72)K11R/G31P (G31P), a synthetic, mutated form of human IL-8 that
binds CXCR1/R2 with high affinity (Gordon et al., 2005; Zhao et al., 2009). The potent
activity of G31P has been demonstrated in rodent models of airway inflammation (Wei et
al., 2013; Zhao et al., 2009) and ischemia—reperfusion injury (Zhao et al., 2010). Thus, our
hypothesis was that treating pregnant dams with G31P before and after polyl:C would
prevent the effects of elevated CXCL1 on behavioral changes in the offspring.

We used a series of rodent tests related to the cognitive domains most consistently impaired
in schizophrenia (Young et al., 2009) as tests related to the positive symptoms of the
disorder have received considerable attention previously (reviewed in Meyer and Feldon,
2012; Meyer et al., 2009; Patterson, 2011; Piontkewitz et al., 2012). Prepulse inhibition
(PPI), a measure of sensorimotor gating, is impaired in schizophrenia patients (Braff et al.,
2001) and the offspring of rats and mice treated with polyl:C during pregnancy (Dickerson
et al., 2010; Howland et al., 2012; Klein et al., 2013; Mattei et al., 2014; Meyer et al., 2010;
Shi et al., 2003; Smith et al., 2007; Wolff and Bilkey, 2008; Wolff and Bilkey, 2010; see also
Fortier et al., 2007; Li et al., 2009). Impaired visual learning and memory is a cognitive
symptom of schizophrenia identified by the MATRICS initiative (Marder and Fenton, 2004).
Therefore, we chose to assess associative visuospatial memory using the object-in-place
(OIP) recognition memory test (Barker et al., 2007) given the impairments in associative
visuospatial memory observed in schizophrenia (Wood et al., 2002) and previous
impairments noted in the offspring of rats treated with polyl:C (Howland et al., 2012).
Accumulating evidence also suggests that schizophrenia patients exhibit alterations in
multisensory integration (Stekelenburg et al., 2013; Stone et al., 2011; Williams et al., 2010).
To the best of our knowledge, multisensory integration has not been examined in rodent
models of MIA. Therefore, we tested the effects of polyl:C on crossmodal recognition
memory, a recently developed test of multisensory integration, which includes visual, tactile
and crossmodal components (Jacklin et al., 2012; Winters and Reid, 2010). Finally,
behavioral flexibility was examined as patients typically exhibit decreased flexibility on tests
of attentional set-shifting and reversal learning (Leeson et al., 2009; Pantelis et al., 1999;
Waltz and Gold, 2007). An operant test battery that assesses visual cue discrimination,
strategy set-shifting, and reversal learning was used (Enomoto et al., 2011; Floresco et al.,
2008, 2009). Using the polyl:C model in rats, Zhang et al. (2012) found that MIA impaired
strategy set-shifting in the male, but not female, offspring. Findings on reversal learning are
mixed with enhancements (Zhang et al., 2012; Zuckerman and Weiner, 2005) and
impairments (Han et al., 2011; Savanthrapadian et al., 2013) observed using different task
designs. We expected the offspring of polyl:C-treated dams to show impaired PPI,
associative recognition memory, crossmodal recognition memory, and behavioral flexibility.
The offspring whose mothers were treated with polyl:C and G31P were expected to perform
similarly to controls on the tests.

2. Methods

2.1. Animals

Timed pregnant Long Evans dams (Charles River Laboratories, Que-bec, Canada) arrived at
the laboratory on GD 7. They were singly housed with food (Purina Rat Chow) and water
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available ad libitum in a colony room (maintained at 21 °C). Experiments were conducted
during the light phase (12 h light/dark cycle, lights on at 0700 h) and experimenters were
blind to the treatments during testing. All experiments were performed in accordance with
the Canadian Council on Animal Care and were approved by the University of
Saskatchewan Animal Research Ethics Board.

2.2. Maternal treatment for behavioral experiments

On GD 15, dam weight and rectal temperature (Homeothermic Blanket System, Harvard
Instruments, MA, USA) were recorded. Dams were anesthetized for approximately 10 min
using isoflurane (5% induction and 2.5% maintenance) and given one intravenous (i.v.) tail
vein injection of either saline or polyl:C (4.0 mg/kg, high molecular weight; InVivoGen, San
Diego, CA, USA). Half of the dams from each treatment group also received three
intraperitoneal (i.p.) injections of G31P (500 ug/kg; 1 h before, 48 h after, and 96 h after
polyl:C or saline treatment). Previous studies using this dose and treatment protocol for
G31P confirm the drug’s effectiveness at blocking CXCR1 and CXCR2 following systemic
inflammatory challenges for at least 48 h (Gordon et al., 2005, 2009; Li et al., 2002; Zhao et
al., 2009, 2010). Other than injections, weight, and temperature recordings (8, 24 and 48 h
after treatment) dams were undisturbed until postnatal day (PND) 1, when litters were
weighed and culled to a maximum of ten pups (6 males where possible). On PND 21 litters
were weaned into same-sex sibling cages and male pups were randomly selected for
behavioral testing.

2.3. Multiplex assays and ELISAs for cytokines

Dams for cytokine assays were treated the same as those whose offspring were used for
behavioral experiments until 3 h after polyl:C treatment. At that time, they were deeply
anesthetized with isoflurane, decapitated, and trunk blood samples were collected. Note that
dams used for cytokine analysis received G31P treatment 1 h before polyl:C (i.e., 4 h before
they were sacrificed). Trunk blood was allowed to clot for 60 min (room temperature) and
then centrifuged at 12,000 rpm for 4 min. Serum was pipetted from the sample and flash
frozen with liquid nitrogen. All samples were stored at —80 °C until analysis. Bio-Plex Pro
Assay multiplex kits were used to quantify protein in the samples, as previously described
(Garay et al., 2013). Levels of IL-14, IL-6, TNF, CXCL1, IFN-vy, IL-1a, IL-2, IL-4 and
IL-10 were first quantified in tissue samples from rats treated with either saline (7= 3) or
polyl: C (n=15). A subsequent experiment measured cytokines in samples from rats treated
with either saline—saline (sal-sal), saline—polyl:C (sal-polyl:C), G31P-saline (G31P-sal), or
G31P—polyl:C (n= 4 for each group). ELISAs were performed on maternal serum for
CXCL1 (GROa/KC) and CXCL2 (GROB/MIP-2; R&D Systems, Inc., Minneapolis, MN) to
confirm the measurements from the multiplex assays for CXCL1 and to measure CXCL2.
All procedures followed the manufacturer’s instructions.

2.4. Behavioral testing

Behavioral data were collected from four separate squads that included polyl:C and G31P
treated dams. Behavioral tests were conducted according to published protocols (Floresco et
al., 2008, 2009; Howland et al., 2012; Jacklin et al., 2012; Thai et al., 2013; Winters and
Reid, 2010; Zhang et al., 2012). Testing occurred in the following order: PPI during puberty
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(PNDs 35-36) and young adulthood (PNDs 56-57), recognition memory (PNDs 60-80) and
operant testing (PNDs 80-100). Rats were singly housed and food deprived to 85% of their
free-feeding weight prior to operant testing.

2.4.1. PPI—Two SR-LAB startle boxes (San Diego Instruments, San Diego, CA, USA)
were used. Each session had a constant background noise (70 dB) and began with a 5 min
acclimatization, followed by six pulse-alone trials (120 dB, 40 ms). Pulse-alone (6), prepulse
+ pulse (72) and no stimulus (6) trials were then presented in a pseudorandom order,
followed by 6 additional pulse-alone trials. Prepulse + pulse trials began with a 20 ms
prepulse of 3, 6, or 12 dB above background (70 dB). Prepulse—pulse intervals were 30, 50,
80 or 140 ms between the onset of the prepulse and the onset of the 120 dB pulse. The inter-
trial interval varied randomly from 3 to 14 s. The boxes were cleaned with 40% ethanol
between rats.

2.4.2. Associative (object-in-place) recognition memory—The testing apparatus
was a white open-field arena (60 x 60 x 60 cm) with one black wall (Fig. 4A). Three 10 min
habituation sessions occurred prior to testing. During the first two sessions, two rats were
simultaneously habituated in separate arenas. In the third session, rats were individually
habituated. One day after the third habituation, rats explored four distinct objects for 5 min
(sample phase). Following a 1 h delay, rats explored identical copies of the same four objects
with the location of two of the objects switched (test phase). The OIP paradigm measures
associative visuospatial memory as the rats must use both object identity and object location
information to demonstrate preferential exploration of the pair of objects that were moved in
the test trial (Barker et al., 2007; Howland et al., 2012).

2.4.3. Visual, tactile, and crossmodal recognition memory—The testing apparatus
was Y-shaped, with one entrance arm and two object arms (10 x 27 cm) (Fig. 4C, E, G).
Testing included three distinct tests: the visual, tactile, and crossmodal memory tests.
Transparent plastic barriers were inserted in front of the objects during visual, but not tactile
phases. One red light bulb (60 W) was illuminated during the tactile phases, preventing the
rats from seeing the objects, but allowing recordings of the rats’ behavior. One paired and
one individual habituation session (10 min) occurred prior to testing. White overhead
lighting and the red light bulb were separately illuminated for half of each habituation, with
the order of illumination counterbalanced. Testing began one day after the second
habituation. The order of administration of the visual, tactile and crossmodal tests was
counterbalanced. All tests included a 3 min sample phase and 2 min test phase witha 1 h
delay between phases. The maze contained two identical copies of an object during the
sample phase, and a third copy of the original object with a novel object during the test
phase. In this paradigm, visual recognition memory is defined as a significantly greater time
spent looking at a novel object when it is paired with a familiar object that had only been
seen (but not touched) during a sample trial (Fig. 4C). Tactile recognition memory refers to a
significantly greater tactile exploration of a novel object when it is paired with a familiar
object that had been previously touched (but not seen) during a sample trial (Fig. 4E).
Crossmodal recognition memory refers to a significantly greater time spent looking at a
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novel object when it is paired with an object that had been touched, but not seen, previously
(Fig. 4G).

2.4.4. Operant test battery—Eight operant chambers (MedAssociates Systems, St.
Albans, VT, USA) located within sound-attenuating cubicles were used. Chambers
contained two retractable levers and stimulus lights, positioned on either side of a food
receptacle used to deliver rewards. A 100 mA house light illuminated the chamber. Sessions
began with levers retracted and the chamber in darkness (inter-trial state). Rats were tested
once each day, with no break given between test types. Lever training. Rats were trained to
press the levers as described previously and immediately after reaching criterion, side
preference was determined. Visual-cue discrimination. Rats were trained to press the lever
with a stimulus light illuminated above it to a criterion of 10 consecutive correct choices.
Trials began with an illumination of one stimulus light, followed 3 s later by the house light
and insertion of both levers. A correct press of the lever underneath the illuminated stimulus
light caused retraction of both levers and the delivery of a reward pellet. An incorrect press
returned the chamber to the inter-trial state. Strategy set-shift. Rats were trained to ignore the
illuminated stimulus light and respond to a spatial-cue (the lever opposite to their side
preference) to receive a reward pellet. Reversal learning. Rats were trained to press the lever
opposite to the one rewarded during set-shifting.

2.5. Data analysis

All results are reported as group means + standard error of the mean (SEM). Outlying
values, greater than 2 standard deviations above or below the mean, were removed prior to
analysis. Outlier criteria for PP1 were determined using mean PPI on all long-interval (50,
80, 140 ms) trials. Outliers on the operant test battery were determined using trials to
criterion (TTC). SPSS Statistics version 21 (IBM) was used to conduct all statistical tests,
using a significance value of p < 0.05. Non-significant findings are reported as n.s. Two way
analysis of variance (ANOVA) with polyl:C and G31P treatment as between-subjects factors
were predominantly used for analysis. Corrections were made for violations of sphericity
(Mauchly’s test) where appropriate. Post hoc analyses were performed separately using
Tukey’s test. PP/. PP1 was calculated by averaging the startle amplitudes for each trial type,
and the percent PPI for each prepulse intensity was calculated using the formula: [100

- (100 x startle amplitude on prepulse + pulse trials) / (startle amplitude on pulse-alone
trials)] (Howland et al., 2004, 2012). Recognition memory. Exploration was scored when a
rat was judged to be actively exploring an object with its nose directed within 2 cm of the
object and its head or vibrissae moving, but not when it was standing on top of the object or
not directing attention towards it. A discrimination ratio (DR), calculated as the time spent
exploring (novel-familiar) / (novel + familiar), was used to quantify memory (Cazakoff and
Howland, 2011; Howland et al., 2012). Operant test battery. TTC and total errors were
obtained from the raw data. Total errors were broken down into three subtypes (Floresco et
al., 2008, 2009; Thai et al., 2013; Zhang et al., 2012): 1) perseverative errors were scored
when a rat continued to use a previously relevant but currently irrelevant strategy. For
strategy set-shift trials, eight out of every 16 consecutive trials (defined as a block) allowed
the rat to respond this way. For each block, perseverative errors were counted when rats
pressed the incorrect lever on 6 or more trials per block. For reversal learning trials,
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perseverative errors were scored when 10 or more errors were committed within a block; 2)
regressive errors were scored once the rat had ceased perseverating as defined above for the
set-shifting and reversal learning test days; and 3) never-reinforced errors were scored
during the set-shifting test day when rats pressed the incorrect lever when the stimulus light
was illuminated above the correct lever.

3.1. Effects of polyl:C and G31P treatment on cytokine concentrations in maternal serum

Multiplex analysis of maternal serum samples (Fig. 1A) demonstrated that polyl:C treatment
increased the concentration of proinflammatory cytokines including IL-1, IL-6, TNF, and
CXCL1 in the maternal serum 3 h after treatment. A significant main effect of polyl:C
treatment for CXCL1 (H1,20) = 7.61, p=0.012) as well as significant main effects of G31P
for IFNy (A1,20) =6.30, p=0.021), IL-1a (A1,20) =7.12, p=0.015) and IL-2 (A1,20) =
5.19, p=0.034) were observed. No significant interactions were observed (n.s.). Analysis of
the simple main effects of polyl:C treatment revealed significant increases for IL-1f (414) =
-2.16, p=0.049) and TNF (414) = -2.22, p=0.044). The two-fold increase in IL-6 caused
by polyl:C treatment failed to reach significance ({14) = -1.56, p=0.14).

To further characterize the changes in chemokine concentration 3 h after polyl:C and G31P
treatment, ELISAs for CXCL1 (GROa/KC) and CXCL2 (GROB/MIP-2) were performed on
the serum samples (Fig. 1B). The results indicated that polyl:C treatment significantly
increased the concentration of CXCL1 (A1,18) = 20.25, p < 0.001) without altering the
concentration of CXCL2 (n.s.). There were no significant main effects of G31P treatment or
significant interactions between polyl:C and G31P for either chemokine (n.s.)

3.2. Effects of polyl:C and G31P on the pregnant dams and pups

Similar to previous results from our laboratory (Howland et al., 2012; Sangha et al., 2014;
Zhang et al., 2012), polyl:C treatment significantly decreased the weight of the dams for 48
h following treatment (Fig. 2A; main effect of polyl:C (A1,45) = 17.49, p< 0.001). No
significant effects of G31P treatment or an interaction between polyl:C and G31P were
found. Neither polyl:C nor G31P significantly altered temperature during the 48 h following
treatment (data not shown).

At birth, the number of pups per litter and the total weight of each litter were taken. Polyl:C
treatment significantly decreased litter size (A1,48) = 75.85, p=0.016) from 12.35 £ 0.5 to
9.96 + 0.9 pups (Fig. 2B). G31P treatment did not affect litter size, with n.s. effects of G31P
and the polyl:C by G31P interaction. Average pup weights were not affected by either
treatment (Fig. 2C) with all main effects and interactions n.s.

3.3. Effects of exposure to polyl:C and G31P on PPI in the offspring

3.3.1. PND 35. Startle amplitude (Fig. 3A)—The average startle amplitudes during
blocks of pulse-alone trials (before, during and after prepulse + pulse trials) were analyzed
to assess the habituation of startle during a PPI session. Significantly lower startle
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amplitudes were exhibited in the pulse blocks during and after PP1 (A41.40,116.29) = 91.65,
p<0.001; post hoc, p< 0.05). The effects of polyl:C, G31P, and all interactions were n.s.

3.3.2. PND 35. PPI: short interval (Fig. 3C)—As described previously, prepulse
facilitation occurs for trials with a 30 ms prepulse—pulse interval (Howland et al., 2012) and
these trials were analyzed separately from the other PPI trials. No effects of polyl: C
treatment on responses to trials with a 30 ms interval were noted, whereas G31P-treated rats
displayed significantly less facilitation on these trials (A1,83) = 4.49, p=0.037). The
expected effect of increasing PPI with increasing prepulse intensity was also observed (data
not shown, A2,166) = 44.95, p< 0.001).

3.3.3. PND 35. PPI: long intervals (Fig. 3E, G)—Prepubescent rats displayed
significant PPI at all three long prepulse—pulse intervals (50, 80, 140 ms). Regardless of
treatment, rats exhibited decreased PPI at the 50 ms interval compared with the 80 and 140
ms intervals (Fig. 3E; main effect of interval: A1.86,154.75) = 19.77, p< 0.001; post hoc p
< 0.05). The expected main effect of prepulse intensity was also significant (A 2,166) =
373.95, p<0.001), as rats exhibited higher PPI at higher dB prepulses (Fig. 3G).

There was no main effect of polyl:C treatment (A1,83) = 0.73, p = 0.40) while the G31P
main effect was close to significant (A1,83) = 3.41, p=0.068). A three-way interaction
between interval, prepulse intensity and polyl:C treatment (AH4,332) = 3.94, p=0.004) was
also significant. Simple main effects analysis of the effects of polyl:C on PPI revealed that
sal—-polyl:C rats demonstrated significantly lower PPI than sal-sal rats at the 140 ms interval
(Fig. 3E; £45) = 5.09, p=0.029) and for the trials with 3 dB prepulses (Fig. 3G: £45) =
4.43, p=0.041).

3.3.4. PND 56. Startle amplitude (Fig. 3B)—Analysis of startle amplitude during the
blocks of pulse-alone trials revealed a significant main effect of block (A/1.09,91.49) =
41.57, p<0.001), as startle was higher on the first block of pulse-alone trials than the other
pulse-alone trial blocks. The main effects of polyl:C, G31P, and all other interactions were
n.s.

3.3.5. PND 56. PPI: short interval (Fig. 3D)—Similar to the results from PND 35, a
significant effect of prepulse intensity was found (AH2,168) = 53.92, p< 0.001). However, at
this age neither polyl:C or G31P caused significant alterations in PPl when a 30 ms
prepulse—pulse interval was tested (n.s.).

3.3.6. PND 56. PPI: long intervals (Fig. 3F, H)—Data analysis for these trials revealed
significant main effects of prepulse—pulse interval (A2,168) = 21.24, p< 0.001) and
prepulse intensity (A1.82,152.80) = 213.20, p < 0.001). In contrast to PND 35, at PND 56
the effect of interval was caused by decreased PPI at the 140 ms interval. The main effects of
polyl:C, G31P, and all interactions in this analysis were n.s. In an analysis of simple main
effects, excluding animals exposed to G31P, the effects of prepulse—pulse interval (A2,90) =
13.98, p<0.001) and prepulse intensity (A2,90) = 102.26, p < 0.001) remained significant
and a prepulse—pulse interval by polyl: C interaction was close to significant (A2,90) = 2.79,
p=0.067). A t-test comparing PPI on trials with the longest prepulse—pulse interval (140
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ms) revealed a significantly lower PPI in sal-polyl:C rats than sal-sal control rats (Fig. 3F;
#(45) = 2.21, p=10.032). A comparison of PPl on long-interval trials with the 3 dB intensity
prepulse revealed a significant difference (451) = 2.19, p= 0.033) between sal-polyl:C and
sal-sal rats (Fig. 3H).

3.4. Effects of exposure to polyl:C and G31P on recognition memory

3.4.1. Exploration times (Table 1)—With one exception, all treatment groups explored
the objects for similar amounts of time during both the sample and test phases of the
memory tests, as two way between-subjects ANOVASs revealed n.s. effects of polyl:C, G31P
and polyl:C by G31P interaction. During the sample phase of the crossmodal test, polyl:C
exposure significantly increased exploration from 30.63 + 1.5 s t0 36.40 £ 2.4 s (H1,73) =
4.96, p=0.029).

3.4.2. Object-in-place memory (Fig. 4A, B)—Analysis of discrimination ratios (DRs)
showed that polyl:C-exposed rats were impaired on the OIP test, as evident from a main
effect of polyl:C treatment (AH1,64) = 10.16, p= 0.002). G31P treatment did not alter
memory performance, as the effects of G31P and polyl:C by G31P were n.s. One sample t-
test comparing the DR to 0, showed that sal-sal ({18) = 6.12, p< 0.001) and G31P-sal rats
(#14) = 4.035, p=0.001) exhibited significantly more exploration of the object pair that was
moved than would be predicted by chance. G31P—polyl:C rats failed to show more
exploration of the object pair that was moved ({16) = 0.323, p= 0.751) while sal-polyl:C
rats showed a preference that was at the threshold of significance (416) = 2.107, p=0.05).

3.4.3. Crossmodal recognition memory (Fig. 4C—H)—Analysis of DRs on the visual
(Fig. 4C, D) and tactile memory (Fig. 4E, F) tests showed n.s. main effects of polyl:C, G31P,
and polyl:C by G31P interactions, although the G31P-exposed rats tended to show lower
DRs on the visual component of the test (Fig. 4D). An analysis using one sample t-test
comparing with a DR of 0 found that G31P—polyl:C rats did not show significant memory
compared with chance on the visual test ((12) = 1.929, p= 0.078). All other groups showed
a significant memory on both the tactile and visual tests (statistics not shown).

On the crossmodal portion of the test (Fig. 4H), rats were tested for their ability to use
information gained from a tactile experience during the sample phase to guide the
exploration of visual stimuli during the test phase. Sal-sal control rats showed evidence of
significant memory (422) = 4.42, p< 0.001), similar to results described previously (Jacklin
etal., 2012; Winters and Reid, 2010). Sal-polyl:C rats failed to show significant memory as
reflected by a mean DR not different from chance ({1 9) = 1.06, p=0.30). G31P-sal rats
showed nearly significant memory on the test ({18) = 2.03, p= 0.057), while G31P—polyl:C
rats did show a significant memory (418) = 2.18, p=0.043). ANOVA failed to reveal
significant main effects of polyl:C, G31P or a significant polyl:C by G31P interaction.
However, a separate analysis of the simple main effect of polyl:C treatment showed that sal—
polyl:C rats were significantly impaired on the crossmodal test compared with sal—sal rats
(441) = 2.22, p=0.032).
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3.5. Behavioral flexibility following exposure to polyl:C and G31P

3.5.1. Visual cue discrimination (Fig. 5)—After being trained to press the levers for
food reward, rats were trained to press the lever located under a visual cue (a light) to
receive food reward. Polyl:C treatment increased the number of trials to criterion (Fig. 5A)
for this initial discrimination from ~55 to ~72 and the total number of errors (Fig. 5B)
committed from ~13 to ~20. Analysis of the data revealed a significant effect for total errors
(H1,76) = 4.76, p=0.032) but not trials to criterion (A1,76) = 2.92, p=0.091). The main
effects of G31P and the polyl:C by G31P interactions were n.s. Importantly, latency to
respond to the visual cue was not affected by either treatment (Fig. 5C, statistics not shown).

3.5.2. Strategy set-shifting (Fig. 6)—The day following visual cue discrimination, rats
were required to respond to a lever on one side of the operant chamber, regardless of the
location of the visual cue, for food reward. When trials to criterion (Fig. 6A) and total errors
(Fig. 6B) were analyzed, polyl:C treatment increased both measures, although the effects
were not significant (trials: A1,77) = 2.56, p=0.11; total errors: A1,77) = 2.21, p=0.14).
G31P treatment significantly decreased the average number of trials to criterion (H1,77) =
6.50, p=0.013) and total errors (A1,77) = 10.13, p=0.002) during the strategy set-shift.
There were no significant interactions between the treatments for either trials to criterion or
total errors (statistics not shown).

Analysis of the error subtypes revealed significant main effects of both polyl:C and G31P
with no interactions (Fig. 6C). The number of perseverative errors was not altered by either
polyl:C (A1,77) = 0.03, p=0.86) or G31P treatment (H1,77) = 1.31, p= 0.26); however,
polyl:C treatment significantly increased (H1,77) = 11.56, p < 0.001) while G31P treatment
significantly reduced (A1,77) = 5.74, p=0.019) the number of regressive errors. In
addition, G31P treatment significantly reduced never reinforced errors (H1,77) = 6.86, p=
0.01) while polyl:C treatment had no effect (H1,77) = 0.14, p=0.71).

3.5.3. Reversal learning (Fig. 7)—On the final day of the operant battery, rats were
required to perform a reversal and respond on the lever opposite to the one they were trained
on the previous day. Polyl:C treatment had no effect on any measure of reversal learning
(statistics not shown). G31P treatment did not significantly affect trials to criterion (Fig. 7A)
or total (Fig. 7B). When perseverative and regressive error subtypes were analyzed
separately (Fig. 7C), a significant reduction in the former subtype (A1,79) = 8.80, p=
0.004) but not that latter (A1,79) = 3.11, p=0.081) was found as a result of the G31P
treatment.

4. Discussion

In this study, we demonstrated novel effects of polyl:C and G31P treatments on the
inflammatory profile of the dams and behavior of the offspring. Treating pregnant rats with
polyl:C increased the concentration of circulating CXCL1, TNF, and IL-1p in the maternal
serum 3 h after treatment (Fig. 1). In behavioral experiments, the offspring of polyl:C-
treated dams displayed subtle impairments in PPI (Fig. 3), impaired associative and
crossmodal recognition memory (Fig. 4), and impairments in the visual cue and set-shifting
components of the operant task battery (Figs. 5, 6). G31P failed to consistently reverse the
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polyl: C-induced behavioral impairments; however, it did alter PPI during adolescence (Fig.
3) and enhance set-shifting and reversal learning during young adulthood (Figs. 6, 7).

4.1. Inflammatory response of pregnant rodents to polyl:C treatment

To our knowledge, this is the first study to use multiplex assays to examine the maternal
immune response to polyl:C treatment in pregnant rats, in particular the Long—Evans strain.
Polyl:C (4.0 mg/kg, i.v.) increased the levels of several pro-inflammatory cytokines
including IL-1pB, TNF, and CXCL1 in maternal serum. Treating mice with polyl:C (5 mg/kg,
i.v.) dramatically increased the maternal serum levels of IL-1B, IL-6, TNF, and IL-10 3 h
after treatment (Meyer et al., 2006a,b) and an array of cytokines 6 h after treatment (Meyer
et al., 2006a,b). Of particular relevance is the analyses of chemokines in mice following
polyl:C treatment (GD 16, 20 mg/Kkg, i.p.) performed by Arrode-Bruses and Bruses (2012).
Polyl:C increased levels of several chemokines in maternal serum 6 h after treatment,
including CXCL1 (KC, 276% increase) and CXCL2 (MIP-2, 108% increase). Although we
failed to find a significant effect of polyl:C treatment on CXCL2 in rats, we observed a
similar magnitude of response (154%, Fig. 1B). Previous research using Sprague—Dawley
rats showed that polyl:C treatment on GD 9 significantly increases TNF and I1L-10 (Song et
al., 2011); however, we did not observe a significant effect of polyl:C on IL-10 levels in
dams treated on GD 15. This discrepancy may be explained by the age of treatment as IL-10
levels 3 h after polyl:C treatment are significantly more enhanced at earlier (GD 9) than later
(GD 17) stages of pregnancy in mice (Meyer et al., 2006b). Given the important role of IL-6
in the behavioral effects of polyl:C treatment in mice (Smith et al., 2007), it was surprising
that the two-fold increase of IL-6 in the maternal serum was not significantly higher than the
control levels in the present experiments. Male rats injected with polyl:C (0.75 mg/kg, i.p.)
show elevated IL-6 in serum 2, but not 4, h after polyl:C (Fortier et al., 2004). Thus, our
sampling time may not have been optimal to observe an increase in IL-6. Following
subcutaneous injection of polyl:C (1.0 mg/kg) into the tail, Kamerman et al. (2011) showed
increased CXCL1, but not IL-6, with a 3 h delay. Thus, the route of administration, dose of
polyl:C used, timing of sample collection, and species tested may be important factors that
affect the pattern of cytokine elevations observed. While statistically significant, the modest
increases of IFNy, IL-1a and IL-2 in maternal serum following G31P treatment were
unanticipated and may not be biologically significant. Previous research in rats shows that
G31P does not increase IL-1p, IL-6, or CXCL2 in rat lung or jejunum (Zhao et al., 2010),
which is consistent with our findings from maternal serum. Therefore, systemic G31P
treatment does not cause the release of proinflammatory mediators in rats.

Polyl:C and lipopolysaccharide increase cytokines including IL-1p, IL-6 and TNF in the
placenta and fetus in the hours following MIA (Ashdown et al., 2006; Gilmore et al., 2005;
Hsiao and Patterson, errors 2011; Meyer et al., 2006a,b). Low doses of lipopolysaccharide
also increase CXCL1 in the placenta of mice (Carpentier et al., 2011); however, it is
unknown whether increased CXCL1 in the maternal serum following polyl:C also enters the
placenta and ultimately the fetus in rats. In mice, significant increases in chemokines in fetal
brain were not as widespread 6 h after polyl:C treatment as in the maternal serum, although
CXCL1 and CXCL2 could not be detected (Arrode-Bruses and Bruses, 2012). Interestingly,
changes in CXCL1 during the postnatal period in the hippocampus but not cortex have been
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shown following polyl:C treatment of pregnant mice (Garay et al., 2013), thus raising the
possibility that long-term dysregulation of the immune system may occur following MIA.
As direct actions of cytokines on the placenta and fetal brain are hypothesized as critical for
the long-term effects of MIA on cognition (Ashdown et al., 2006; Hsiao and Patterson,
2011; Smith et al., 2007), measurements of cytokine responses in these tissues will be
conducted in future experiments.

4.2. Effects of polyl:C on behavior of the offspring

The behavioral experiments revealed an array of long-term changes in the offspring
following polyl:C and G31P treatments. The disruptive effect of polyl:C on PPI was smaller
in this study than previously reported by our laboratory in Long—Evans rats (Howland et al.,
2012). Other groups have reported deficits in PPI in Sprague-Dawley and Wistar rats
following polyl:C treatment (Dickerson et al., 2010; Klein et al., 2013; Mattei et al., 2014;
Wolff and Bilkey, 2008; Wolff and Bilkey, 2010), although Fortier et al. (2007) failed to find
disrupted PPI in the offspring following maternal polyl:C treatment in Sprague—Dawley rats.

The effects of polyl:C were more pronounced for recognition memory, as polyl:C exposure
significantly impaired memory on the OIP test. Comparison of the animals’ DRs to chance
performance (DR = 0) showed that sal-sal rats demonstrated significant memory, while sal—-
polyl:C rats did not, which replicates previous findings (Howland et al., 2012) and validates
the polyl:C model for studying the associative recognition memory impairments seen in
schizophrenia (Wood et al., 2002). Polyl:C treatment also selectively impaired multisensory
integration, as sal-polyl:C rats showed significant memory on the visual and tactile tests, but
were impaired on the crossmodal test. This finding compliments a recent report showing an
impaired crossmodal recognition memory following acute treatment with an NMDA
receptor antagonist (Jacklin et al., 2012), and indicates that the polyl:C model is useful for
studying the developmental factors that may alter multisensory integration in schizophrenia
(Stekelenburg et al., 2013; Stone et al., 2011; Williams et al., 2010). Similar to previous
observations in Long—Evans rats (Howland et al., 2012), polyl:C treatment did not alter
“simpler” forms of recognition memory in the visual or tactile tests. Thus, it is unlikely that
alterations in perception or other non-specific factors underlie the impairments observed in
the OIP or crossmodal tests.

The effects of polyl:C treatment on the operant test battery were different than those we
reported previously (Zhang et al., 2012). In the present experiments, polyl:C treatment
significantly increased the number of errors made during visual cue discrimination and
increased the number of regressive errors made during the set-shifting phase of the battery.
In our earlier study, we found no effect of polyl:C treatment on visual cue discrimination but
a significant increase in trials to criterion and perseverative errors during set-shifting in the
male offspring of polyl:C-treated dams (Zhang et al., 2012). Consideration of these data
along with the PPI data suggests that this group of offspring was more mildly affected by
polyl:C treatment. While the specific factors that led to this pattern of results are unclear,
others have noted that body weight change in the dams following polyl:C treatment is
predictive of the phenotype of the offspring (Bronson et al., 2011). Since the body weight
changes observed in the dams following polyl:C treatment are of a similar initial magnitude
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between this data set and the other studies from our group (Howland et al., 2012; Sangha et
al., 2014; Zhang et al., 2012), other non-specific factors may have contributed. For example,
the timed pregnant dams were shipped from a remote supplier on GD 7. Prenatal stress in
rodents induces behavioral and neurochemical changes in the offspring associated with
psychiatric illness-like symptoms (Koenig et al., 2002; Meyer et al., 2009). While the
potential effects of stress related to shipment on the dams and fetuses cannot be determined,
similar performance of the same tasks by our saline-treated offspring and rats in other
studies (Barker et al., 2007; Floresco et al., 2009; Howland et al., 2012; Winters and Reid,
2010; Zhang et al., 2012) suggest that transportation did not affect the offspring.

4.3. Effects of G31P on behavior of the offspring

G31P was administered during pregnancy to block the effects of maternal polyl:C
administration on the offspring. G31P treatment did not affect maternal weight loss after
polyl:C treatment, litter size, or average pup weight the day after birth (Fig. 2) suggesting
that it did not cause gross alterations in pregnancy or pup development. However, G31P did
not convincingly reverse the behavioral impairments in PPI, OIP recognition memory, or the
operant battery caused by polyl:C. In the crossmodal task, memory significantly greater than
chance was noted in the G31P—polyl:C treated rats, although the performance of this group
was not significantly better than the sal-polyl:C-treated rats when they were compared
directly. Thus, the effectiveness of G31P at blocking the effects of maternal polyl:C
treatment should be characterized as mild at best. While our results do not support a role of
maternal CXCR1/R2s in the effects of polyl:C on the offspring, an alternative possibility is
that signaling of fetal CXCR1/R2s is critical for the behavioral effects observed. If elevated
CXCL1 is detected in the fetus in future experiments, the transport of G31P through the
placenta will also be tested as blocking fetal CXCR1/R2s may be necessary to prevent the
behavioral phenotype observed. It is worth noting that human IL-8, the molecule on which
G31P is based, does not travel across human placentas obtained from pregnancies at term
(Aaltonen et al., 2005; Reisenberger et al., 1996), although its transport in rodents has not
been determined.

Surprisingly, G31P enhanced PPI during adolescence and behavioral flexibility during the
set-shifting and reversal learning tasks in the operant test battery. While the mechanism
underlying these behavioral effects is not known, it is possible that the small increases in
IFN7y, IL-1a and IL-2 observed in the maternal serum impacted behavior of the offspring.
Cytokines are involved in behavioral flexibility as IL-6 signaling in the prefrontal cortex
contributes to reversal learning (Donegan et al., 2014). However, in our experiments, the
effects of CXCR1 and CXCR2 blockade following G31P administration would have to
persist from in utero to young adulthood. Determining the reliability and specific mechanism
underlying this effect will require future research.

4.4. General conclusions

The present experiments quantified the effects of maternal treatment with the viral mimetic
polyl:C and the chemokine receptor antagonist G31P on the behavior of Long—Evans rat
offspring. Polyl:C treatment triggered a significant acute inflammatory event, which
included an elevation of the chemokine CXCL1 in maternal serum. The offspring of polyl:
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C-treated rats exhibited behavioral impairments consistent with the most prominent
cognitive symptoms of schizophrenia including impairments of PPI, associative recognition
memory, multisensory integration, and strategy set-shifting. Blocking the signaling of
CXCR1/R2 failed to convincingly reverse the polyl:C-induced impairments but did alter PPI
during adolescence and behavioral flexibility during young adulthood. Given the reported
association between IL-8 levels in the maternal serum during pregnancy and schizophrenia
in the offspring (Brown et al., 2004; Ellman et al., 2010), further investigation of the effects
of ELR-CXC chemokine signaling during early development may increase the
understanding of the environmental risk factors for the disorder.
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Fig. 1.
Effects of polyl:C and G31P treatment on cytokine concentrations in maternal serum. A.

Polyl:C treatment significantly increased serum concentrations of CXCL1, IL-1p, TNF.
G31P treatment significantly increased serum levels of INFy, IL-1a, and IL-2. Group sizes
were: sal-sal (n=7), sal-polyl:C (n=9), G31P-sal (n=4), and G31P—polyl:C (n=4). B.
Serum concentration of CXCL1, but not CXCL2, was significantly increased by polyl:C
treatment. Samples were the same as those in panel A except for that two were not available
for testing from the sal-polyl:C group. Serum was collected 3 h after polyl:C treatment on
gestational day 15. Multiplex data are presented as fold-change relative to the group mean of
the sal—sal treated group as the concentrations of the cytokines in the saline-treated group
varied. * indicates a significant main effect of either polyl:C or G31P. # indicates a
significant difference between the sal-sal and sal-polyl:C groups.
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Fig. 2.
Effects of polyl:C and G31P treatment on maternal weight change (A), number of pups per

litter (B), and average pup weight at birth (C). Polyl:C treatment caused a significant weight
loss in the 48 h following treatment (A) and decreased the number of pups per litter (B),
without affecting pup weight (C). Maternal weight change (A) was normalized to the weight
of the dams immediately before the initial saline or G31P treatment on gestational day (GD)
15. G31P or saline (500 ug/kg, i.p.) treatments occurred on gestational days 15, 17, and 19.
Polyl:C or saline (4 mg/kg, i.v.) treatments were administered on GD15, 60 min after G31P
or saline. Group sizes were sal-sal (7= 15 dams), sal-polyl:C (n= 11 dams), G31P-sal (7=
11 dams), G31P—polyl:C (n=12 dams). B, C. Number of litters assessed for pups per litter
and average pup weight was: sal-sal (/7= 15 litters), sal-polyl:C (n= 11 litters), G31P-sal (n
=11 litters), and G31P—polyl:C (n= 12 litters). * in panels A and B denote a significant
main effect of polyl:C treatment. No significant effects of G31P were observed.
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Fig. 3.
Acoustic startle responses and prepulse inhibition (PPI) of the offspring following maternal

polyl:C and G31P treatment. A, B. Acoustic startle responses (startle amplitude, arbitrary
units) for 120 dB pulse trials before, during, and after the PPI trials at postnatal days (PNDs)
35 (A) and 56 (B) (sal-sal, n= 27; sal-polyl:C, n=21; G31P-sal, n=21; and G31P-
polyl:C, n=23). C, D. % PPI for trials with a 30 ms prepulse—pulse interval at PNDs 35 (C)
and 56 (D). Data are averaged for the 3, 6, and 12 dB prepulse intensities. Negative % PPI
values reflect an increase in startle to trials with a prepulse. G31P-exposed rats showed less
prepulse facilitation than other rats (main effect of G31P). E, F. Percent PPI averaged by
prepulse intensity for the 50, 80, and 140 ms prepulse—pulse intervals at PNDs 35 (E) and 56
(F). G, H. Percent PPI averaged by prepulse—pulse interval for 3, 6 and 12 dB prepulse
intensities at PNDs 35 (G) and 56 (H). Group sizes for C, E, G: sal-sal (n= 24), sal-polyl:C
(n=20), G31P-sal (n=21), and G31P-polyl:C (n= 22). Group sizes for D, F, H: sal-sal (n
= 26), sal-polyl:C (n=21), G31P-sal (7= 19), and G31P—polyl:C (= 22). Number of
litters included in testing: sal-sal (/7= 15), sal-polyl:C (n=11), G31P-sal (7= 11), and
G31P—polyl:C (n=12). # in panels F and H show the significant decreases in PPI for sal—-
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polyl:C rats compared with sal-sal rats for trials with a 140 ms interval (F) and for trials
with a 3 dB prepulse (H).
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Fig. 4.
Associative (A, B), visual (C, D), tactile (E, F), and crossmodal (G, H) recognition memory

of the offspring following maternal polyl:C and G31P treatment. Schematics using an
overhead view of each test are shown in panels A, C, E and G. A 1 h delay was used

between the sample and test phases of all tests. Note that the black wall of the open field
chamber in panel A is indicated with a thicker black line for the north wall. In panels C and
G, thin lines in the maze arms depict transparent Plexiglas walls that prevent the rats from
touching the objects. Discrimination ratios (DR) by group are depicted in panels B, D, F, H;
note: the y-axis varies among these panels. B. Rats from the polyl:C groups had significantly
decreased associative memory, as assayed by the object-in-place test (sal-sal, 7=19; sal-
polyl:C, n=17; G31P-sal, n=15; G31P—-polyl:C, n=17). Rats in the sal-polyl:C group
also had significantly lower crossmodal memory (H). Group sizes for D: sal-sal, n= 18; sal-
polyl:C, n=14; G31P-sal, n=19; and G31P-polyl:C, n=13. Group sizes for F: sal-sal, n
= 22; sal-polyl:C, n=20; G31P-sal, n=19; and G31P-polyl:C, n=21. Group sizes for H:
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sal-sal, n=23; sal-polyl:C, n=20; G31P-sal, n=17; and G31P-polyl:C, 7= 19. Number
of litters included in B: sal-sal (7= 12), sal-polyl:C (7= 11), G31P-sal (n=11), and
G31P—polyl:C (n=12). Number of litters included in D,FH: sal-sal (n=—polyl:C ( 15), sal
n=11), G31P-sal (7= 11), and G31P—polyl:C (n= 10). * represents main effects, #
represents simple main effects comparing sal-sal and sal—polyl:C rats.
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Fig. 5.

Vigsual cue discrimination of the offspring following maternal treatment with either polyl:C
or G31P. (A) Trials to criterion, (B) total errors, and (C) average response latency. sal-sal, 7
= 23; sal-polyl:C, n=20; G31P-sal, n=17; and G31P—polyl:C, n=20. Number of litters
included in testing: sal-sal = 15, sal-poly = 11, G31P-sal = 10, and G31P—-poly = 11. *
indicates main effects of polyl:C treatment for the visual cue total errors.
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Fig. 6.

The effects of maternal polyl:C and G31P treatment on strategy set shifting from visual cue
to response. (A) Trials to criterion, (B) total errors, and (C) analysis of error subtypes. The
inset on panel C depicts the main effect of polyl:C on regressive errors. sal-sal, 7= 23; sal-
polyl:C, n=21; G31P-sal, n=17; and G31P—polyl:C, n=20. Number of litters included in
testing: sal-sal = 15, sal-poly = 11, G31P-sal = 10, and G31P—poly = 11. * indicates main
effects of G31P treatment on trials to criterion, total errors, and regressive errors.
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Fig. 7.
Performance of the reversal learning task following maternal polyl:C and G31P treatment.

(A) Trials to criterion, (B) total errors, and (C) analysis of error subtypes. sal-sal, 7= 24;
sal-polyl:C, n=20; G31P-sal, n=18; and G31P—polyl:C, n=21. Number of litters
included in testing: sal-sal = 15, sal-poly = 11, G31P-sal = 10, and G31P-poly = 11. *
indicates a main effect of G31P treatment on regressive errors.
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Total exploration time of the objects (s + SEM) during the sample and test phases of the object-in-place (OIP),
visual, tactile and crossmodal recognition memory tests. The total time for the sample phase is presented,
whereas the time for the first minute is presented for the test phase. No significant differences in exploration
were present, except for the increased exploration caused by polyl:C treatment during the sample phase of the

crossmodal recognition test.

Table 1

Group OIP Visua Tactile Crossmodal
sal-sal

Sample 102.21+2.1 384+04 3933+26 31.36+2.0
Test 2003+09 234+03 1519+09 344+0.3
sal-polyl:C

Sample 1052027 4.27+03 364718 35864359
Test 225214 198+02 1482+10  271£02
G31P-sal

Sample 105.68+3.7 394+03 3850%3.1 29.60+2.2
Test 21.08+16 192+02 1465%1.1 348+0.3
G31P-polyl:C

Sample  97.67+3.1 420£05 3490%19 3591 +324
Test 2278+15 253+04 1499+11 3.60+0.5

a . I .
Indicates the significant main effect of polyl:C treatment.
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