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A B S T R A C T

Angiotensin IV (ang IV) is known to improve learning and memory in animal models but the mechanism is un-
clear. We have previously demonstrated sex differences in the pro-cognitive effects of ang IV, and that prenatal
alcohol exposure (PAE) abolishes these effects. This study aimed to explore a possible mechanism underlying the
sex differences and the effects of PAE in male mice.

Mouse breeding harems received 5% ethanol in drinking water throughout pregnancy and lactation in a
two-bottle schedule. The effects of ang IV were assessed in offspring at 4months of age using the open field
test, novel object recognition test and elevated plus maze. Aminopeptidase activity of brain insulin-regulated
aminopeptidase (IRAP), a putative target of ang IV, was determined.

As seen in a previous similar study, ang IV administered immediately after the second training trial signifi-
cantly improved novel object recognition 24h later in male mice but not female. PAE abolished this pro-cognitive
effect in males. PAE also increased anxiety-like behaviour in male but not female offspring. Ang IV decreased the
aminopeptidase activity of brain IRAP in control male, but not female, mice; PAE abolished this inhibitory effect.

Ang IV improved memory consolidation in male but not female mice and PAE abolished this effect in the
males. While the effects of PAE may be related to increased anxiety; ang IV decreased the aminopeptidase ac-
tivity in male but not female mice and PAE abolished this inhibitory effect. The results therefore suggest that
improvements in learning and memory induced by peripheral administration of ang IV correlate with a reduction
of the enzyme activity of IRAP. This is the first demonstration that ang IV administered peripherally can induce
long-term (24h) changes in IRAP function which are probably not simple competitive inhibition and the first
demonstration that PAE alters IRAP activity.

1. Introduction

Angiotensin IV (ang IV) is an endogenous hexapeptide component of
the renin-angiotensin system, in the brain it is produced in neurons and
acts on specific receptors, AT⁠4, located in the cortex, hippocampus and
basal ganglia (Jackson et al., 2018). When administered exogenously it
has been shown to have beneficial effects on memory acquisition and
recall in rats and mice (Braszko et al., 1988; Golding et al., 2010). Most
workers administer the drug intracerebroventricularly (Wright et al.,
1996; Paris et al., 2013), but we are the only group to use subcutaneous
administration and to have demonstrated an effect of ang IV on memory
consolidation, 24h after administration (Golding et al., 2010).

The mechanism of the pro-cognitive effect of ang IV is unclear
but it is known to bind to insulin-regulated aminopeptidase (IRAP)
(Albiston et al., 2003), which has been proposed as the AT⁠4 recep-
tor. IRAP possesses aminopeptidase activity and is responsible for the
cleavage of endogenous peptides such as vasopressin and oxytocin but
it is also associated with the GLUT4 glucose transporter. In combina-
tion with insulin, IRAP increases glucose uptake into cells. Ang IV in-
hibits the aminopeptidase activity of IRAP but enhances glucose up-
take. One hypothesis suggests that the pro-cognitive effects of ang IV
are a consequence of increased neuronal glucose uptake whilst an al-
ternate hypothesis posits inhibition of aminopeptidase activity resulting
in accumulation of endogenous substrates such as oxytocin and vaso-
pressin which have both been shown to facilitate learning and memory
(reviewed in Vanderheyden, 2009). Harding and Wright, meanwhile,
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propose another potential mechanism of action: activation of the hepa-
tocyte growth factor/c-MET system (Benoist et al., 2014) and Chow et
al. (2015) have proposed that the action is via protein kinase Czeta. It
is known that dopamine receptor antagonists and oxytocin receptor an-
tagonists are able to block the pro-cognitive effects of ang IV (Braszko
et al., 2008; Gard et al., 2007); oxytocin receptor antagonists also block
the behaviour effects of LVV-hemorphin-7, another endogenous agonist
of IRAP (Da Cruz et al., 2017).

As outlined above, our previous work has demonstrated that subcu-
taneous administration of ang IV immediately after the second learn-
ing trial of the novel object recognition task significantly improves
novel object recognition 24h later in male mice Golding et al., 2010).
This procognitive effect of ang IV was not seen in age-matched fe-
male mice (Fidalgo et al., 2017). Furthermore prenatal exposure to
low-dose ethanol abolished the effects of ang IV in adolescent male mice
(ibid.). The aims of the current study were to explore sex differences in
aminopeptidase activity of IRAP and the effects of prenatal ethanol ex-
posure to ascertain whether differences may explain the observed differ-
ential effects of ang IV on behaviour, learning and memory.

2. Materials and methods

2.1. Animal husbandry

All procedures were approved by the University of Brighton Ani-
mal Welfare And Ethics Review Board, were licensed under EU direc-
tive 2010/63/EU and complied with the ARRIVE guidelines. C57BL/
6J mice were maintained at 19.0±1°C, 55% humidity and fed ad libi-
tum on either a breeding diet (RM3 (E) 801,002 chow, Special Diet Ser-
vices) (breeding harems) or a maintenance diet (RM1 (E)801,002 chow,
Special Diet Services) (offspring). The mice were maintained on a 12-h
light/ dark schedule, lights on 0700h (60 Lux at cage level). Peri-natal
mortality was monitored in all cages.

2.2. Pre-natal alcohol exposure (PAE)

Breeding harems were established with one male to 3–4 females;
males were removed from the cages once pregnancy had been con-
firmed. Following an adaptation of the maternal ethanol consumption
model described by Kleiber et al. (2011) the harems received fluid ad li-
bitum under a two-bottle choice. The alcohol exposure groups had 24h
access to both a bottle of 5% ethanol sweetened with 0.066% ⁠w/⁠v sac-
charin solution and a bottle of tap-water. The control group had 24h ac-
cess to a bottle of 0.066% ⁠w/⁠v saccharin solution and a bottle of tap-wa-
ter. In three control (saccharin) and four ethanol cages the volume of
liquid consumed by each harem was recorded daily once pregnancy had
been confirmed and the males had been removed from the cages. No
account was taken of litter size when estimating fluid intake. Offspring
were weaned at 20days and group-housed in same-sex, littermate cages
with free access to food and tap-water. Behavioural assessments were
made of the control and PAE progeny at approximately 4months of age.

2.3. Drug administration

Ang IV (Val-Tyr-Ile-His-Pro-Phe-OH) was obtained from Bachem,
(Germany). The stock solution of 1mM (775μg/mL) was stored frozen
as 1mL aliquots and was diluted in normal saline as required. The drug
was administered subcutaneously (s.c.) in a volume of 10mL/kg; the
dose administered was 5.0μg/kg. The vehicle control was normal saline.

2.4. Behavioural tests

Behavioural testing was conducted between 1000 and 1500h.
The experimental protocol was:

Time 0h: 3min exposure to open field.
Time 1h: First 3-min training period, novel object recognition test.
Time 2h: Second 3-min training period, novel object recognition test,
followed immediately by administration of ang IV or vehicle control.
Time 26h: 3-min novel object discrimination period.
Time 27h: 3-min elevated plus maze.

Details of the behavioural methods were identical to those reported
in Fidalgo et al. (2017). In the open field test the behaviour was video
recorded and analysed using Ethovision software to track total distance
moved during each trial and the time spent with the centre-point of the
animal within 5cm from the walls of the apparatus (thigmotaxis). For
novel object recognition Ethovision software was used to track total dis-
tance moved during each trial and the time spent with the nose-point of
the animal within 5mm of each of the objects. Object recognition data
were excluded for any animal that failed to spend any time exploring
one of the objects, total locomotor activity data were retained.

For the elevated plus maze the software tracked total distance moved
during each trial and the time spent in both open and closed arms. Open
/ closed arm data were excluded for any animal that failed to enter ei-
ther one of the open or one of the closed arms.

2.5. Blood biochemistry

2.5.1. Maternal blood alcohol concentration determination
Blood was collected by cardiac puncture post mortem from a small

sample of female ex-breeders maintained on the ethanol dosing sched-
ule between 1100h and 1300h. Blood alcohol concentration was deter-
mined by gas chromatography as described in Fidalgo et al. (2017).

2.5.2. Blood glucose determinations
Blood glucose concentration was determined in a small sample of

off-spring using a commercially-available glucose electrode
(Accu-Chek). Briefly, following completion of the behavioural test bat-
tery, blood was collected by cardiac puncture immediately post-mortem
between 1500h and 1700h and blood glucose concentration deter-
mined following manufacturer's instructions.

2.6. Brain biochemistry

2.6.1. Tissue preparation
Whole brains were removed immediately post-mortem and rapidly

placed on ice before being stored at −80 °C. Stored brains were allowed
to thaw before being placed into ice-cold extraction buffer (50mM
Tris, 140mM NaCl and 250mM Sucrose, pH7.4) and homogenized at
20500rpm for 10s followed by 11,500rpm for 15s (IKA-T10 basic ul-
tra-turrax). The homogenized samples were centrifuged at 4000g for
8min to remove any cellular debris, and the supernatant further cen-
trifuged at 100,000g for 40min in order to pellet the membrane frag-
ments. The pellet was washed by resuspension in 1ml of extraction
buffer and a 10μL sample removed prior to a final centrifugation at
100,000g for 40min. The protein content of the 10μL sample mem-
brane-fragment suspension and the supernatant was determined using
the Bradford method (Bradford, 1976). The final membrane pellet was
resuspended in assay buffer (50mM Tris and 140mM NaCl, pH7.4) to
give a protein concentration of 1μg/μL.
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2.6.2. Determination of brain insulin-regulated aminopeptidase (IRAP)
activity

Aminopeptidase activity of IRAP was assessed by the cleavage of
L-leucine-p-nitroanilide (LPN) to L-leucine and p-nitroaniline (Stragier
et al., 2007). Briefly, 50μg of membrane pellet preparation was incu-
bated with 0–3.0mM LPN in a total volume of 250μL at 37 °C. The
formation of the yellow-coloured p-nitroaniline was monitored using a
Biotek plate reader and Gen 5 software at 10min intervals over 60min.
The average initial rate of product formation (mMol/min) was deter-
mined for each of the concentrations of LPN by reference to a p-ni-
troaniline standard curve and Vmax and Km values determined by
Michaelis-Menten analysis (using GraphPad Prism5 software).

2.7. Data analysis

All data sets were tested for normality using the Kol-
mogorov-Smirnov test. Only data for fluid intake and blood glucose
were consistently normally distributed, hence non-parametric proce-
dures were used as appropriate. Data for the fluid intake are presented
as means ± standard error of the mean (sem), data for the blood glucose
are presented as a scatter graph with mean values indentified. Group
means for parametric data were compared using Student's independent
t-test or analysis of variance (ANOVA) as appropriate.

For non-parametric data derived from the behavioural assessments
the results are expressed as scatter plots with median values indi-
cated. Group means were compared using Mann-Whitney, Wilcoxon or
Kruskall-Wallis tests as appropriate. Where 2- or 3-way ANOVA was
most appropriate, the non-parametric data were transformed by rank-
ing and the tests undertaken on the ranked data (Oliver-Rodriguez and
Wang, 2015). All statistical tests were performed using GraphPad Prism
with the exception of the 2- and 3-Way ANOVA on transformed data
which used Mintab 17.

Data for aminopeptidase activity was analysed using 2-way repeated
measures ANOVA and fitted to the Michaelis-Menten equation using
GraphPad Prism. Data were also analysed using the F-test which deter-
mines whether fitting two Michaelis-Menten curves to the data sets is
superior to fitting of a single curve. In the case that two curves are su-
perior, an independent t-test was used to determine whether either the
Vmax or Km estimates were significantly different or both.

Survival data of the different litters was compared using the
Chi-squared test (Minitab 17).

Sample size calculations were based on behavioural data from the
novel object recognition test. A minimum group size of 8 gives a test
power of 80% with α at 0.05. A p value <.05 was considered to be sta-
tistically significant.

3. Results

3.1. Pre-natal alcohol exposure (PAE)

Fig. 1 illustrates that for the saccharin control group over 10weeks
the average water intake was 0.85±0.15mL per mouse per day and
8.86±0.61mL saccharin solution per mouse per day. For the prena-
tal alcohol group, the respective figures were 1.26±0.22mL water
and 4.92±0.26 ethanol/saccharin solution per mouse per day. In to-
tal, therefore, the saccharin control group consumed a significantly
greater daily volume of fluid than the PAE group (9.70±0.86 versus
6.11±0.26mL; p=.0008, Student's t-test).

Five breeding cages of animals (two saccharin control and three
ethanol in saccharin) were monitored for perinatal deaths. Of the 95
animals born to dams receiving saccharin alone, 70 (73%) survived to

Fig. 1. Average daily intake of water, 0.066% ⁠w/⁠v saccharin solution or 5% ethanol in
0.066% ⁠w/⁠v saccharin solution over 10weeks by control (n=3) and prenatal alcohol ex-
posure breeding harems (n=4); volumes are expressed mL per adult mouse.

weaning and of the 189 animals born to dams receiving ethanol plus
saccharin, 125 (66%) survived to weaning. This difference was non-sig-
nificant (Chi-squared test).

Behavioural and biochemical testing of offspring occurred at mean
age 124⁠±6days. Within any particular experiment ages were closely
matched. The age-matched weights of the male off-spring were
27.47 ⁠±0.97g (n=37) for the control group and 28.53 ⁠±0.55g (n=38)
for the PAE group. Respective values for age-matched females were
24.41 ⁠±0.42g (n=28) and 24.25 ⁠±0.66g (n=21). PAE therefore had no
significant effect on body weight in either male or female offspring.

3.2. Behavioural tests

3.2.1. Open field test
In the open field test, male control mice showed significantly greater

locomotor activity than female mice (p=.0006), although there were
no significant sex differences in thigmotaxis.

PAE resulted in significantly decreased locomotor activity in the
male offspring (p<.005), but there was no significant effect in female
offspring. Similarly, with respect to thigmotaxis, PAE resulted in signif-
icantly greater thigmotaxis in the male offspring (p<.0001), with no
significant effect in female offspring (Fig. 2).

3.2.2. Novel object recognition
In the novel object recognition test in male offspring, control ani-

mals (offspring of dams receiving a choice of saccharin and water) did
not differentiate between the familiar and novel objects following treat-
ment with saline after the second learning trial. Control animals treated
with ang IV after the second learning trial, however, significantly dif-
ferentiated between the familiar and novel objects 24h later (p<.005,
Wilcoxon test, Fig. 3), spending approximately twice as long exploring
the novel rather than the familiar object. In male offspring that had been
exposed to prenatal ethanol, again there was no significant differentia-
tion between familiar and novel objects in those animals treated with
saline vehicle after the second learning trial, but now there was no sig-
nificant differentiation by those animals treated with ang IV after the
second learning trial (Fig. 4).

Analysis of total locomotor activity during the recall phase of the
novel object recognition test investigated the effects of PAE, the effects
of ang IV delivered after the second learning trial (24h earlier) and any
interaction. The results indicated that treatment with ang IV had no sig-
nificant effect on locomotor activity, but that PAE induced a significant
increase in locomotor activity (p<.018, ANOVA). There was no signifi-
cant interaction.

In the female offspring, ang IV had no significant effect on novel ob-
ject recognition in either control or PAE animals and there was no sig-
nificant effect of ang IV or PAE on locomotor activity.

3
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Fig. 2. The effects of PAE on open field locomotion and thigmotaxis in male and female off-spring. * and *** represent p<.05 and 0.005 respectively (Mann-Whitney), n=at least 15 in
all groups.

Fig. 3. Differentiation between novel and familiar objects and total distance moved in the novel object recognition test by male and female offspring exposed prenatally to either saccha-
rin (control) or ethanol and saccharin (PAE) and then subsequently treated with ang IV (5μg/kg, s.c.) or vehicle control after the second learning trial. * & **** represents statistically
significant differences between groups, p<.05 and 0.0005 respectively (Wilcoxon and ANOVA tests as appropriate). Group sizes 6–14.

3.2.3. Elevated plus maze
In the elevated plus maze neither PAE, nor subsequent treatment

with ang IV (as part of the novel object recognition test) had any sig-
nificant effect on total distance moved nor proportion of time spent on
the open arms in either male or female offspring. There were no signifi
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Fig. 4. Proportion of time spent on the open arm of, and total distance travelled on, the elevated plus maze by male and female offspring exposed prenatally to either saccharin (control)
or ethanol and saccharin (PAE) and then subsequently treated with ang IV (5μg/kg, s.c.) as part of the novel object recognition test. Group sizes 8–13.

cant differences between males and females for total distance moved nor
time spent on the open arms.

3.3. Blood biochemistry

3.3.1. Maternal blood alcohol concentration determination
Only 3 of the 5 maternal blood samples tested had measurable

blood alcohol concentrations. The three values were 1.885, 6.549 and
4.793mg/dL. The mean of the five female breeding females sampled
was therefore 2.645±1.312mg/dL.

3.3.2. Blood glucose determinations
Male offspring had significantly higher blood glucose concentrations

that female mice (p=.006) but PAE had no significant effect on the
blood glucose concentration in either male or female mice, nor was
there any sex X pre-treatment interaction (2-way ANOVA). (Fig. 5).

Fig. 5. Blood glucose concentrations in male and female offspring exposed pre-natally to
either saccharin (control) or ethanol and saccharin (PAE) (n=4–8).

3.4. Determination of brain IRAP activity

Data for rates of product formation at different substrate concentra-
tions were fitted to the Michaelis-Menten equation and the F-test used
to determine whether fitting two Michaelis-Menten curves to the data
sets of the different treatment groups was superior to fitting of a single
curve.

Initial comparisons considered only those animals treated with saline
as part of the novel object recognition test and explored the effects of
PAE. In niether male nor female mice was there a significant effect
of PAE on the Michaelis-Menten parameters as determined by 2-way
ANOVA, and in both cases the F-test determined that the combined data
were better described by a single Michaelis-Menten curve than by two
separate curves. These results indicate that PAE alone has no effect on
enzyme characteristics.

The effects of ang IV administration as part of the novel object recog-
nition test was then explored. In the case of the male saccharin group,
the 2-way ANOVA indicated a significant main effect of substrate con-
centration (p<.0001), no significant effect of ang IV but a significant
drug treatment x substrate concentration interaction (p=.0196). The
F test indicated that fitting two Michaelis-Menten curves was superior
to a single curve (p<.0001). These results indicate that ang IV signifi-
cantly alters enzyme characteristics. t-tests indicated that the was no sig-
nificant difference in the estimated Km, but that the estimates of Vmax
were significantly different (p=.0182).

In male PAE animals, 2 way-ANOVA indicated that the
Michaelis-Menten data were not significantly affected by administra-
tion of ang IV. Similarly in female offspring, 2-way ANOVA indicated
that neither PAE nor ang IV had any effect on enzyme activity and the
F-test indicated that the data for these groups were best fitted to a sin-
gle Michaelis-Menten curve, i.e. in PAE animals, ang IV had no effect on

5
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enzyme characteristics; the were no significant differences in Km nor
Vmax (See Fig. 6).

4. Discussion

Our findings indicate that ang IV (5μg/kg, s.c.) administered imme-
diately after the second training trial significantly improved novel object
discrimination 24h later in male control mice but not female mice. Ang
IV thus appears to enhance memory consolidation in male mice but not
female mice. Before considering any neurochemical basis of the sex dif-
ference, the possible behavioural confounding features will be explored.
At the outset of the study the open field test showed that female control
mice had lesser locomotor activity than the male mice, but there was
no significant difference in thigmotaxis. Reduced locomotor activity and
increased thigmotaxis are typically seen as anxiety-like behaviour, such
results therefore suggest the possibility of some increased anxiety in the
female mice, although not sufficient to influence thigmotaxis.

The elevated plus-maze is generally considered to be superior to lo-
comotor activity and thigmotaxis in the assessment of anxiety-like be-
haviour. This test was conducted on the second day of the test bat-
tery, immediately after the novel object recognition test and is there-
fore probably more reflective of anxiety at the time that recall was be-
ing assessed. Decreased distance moved and decreased time spent on
the open arms are indicative of anxiety-like behaviour. The results show
that males and females did not differ in their anxiety-like behaviour and
that pre-treatment with ang IV had no effect on anxiety-like behaviour.
The sex differences in the effect of ang IV on memory consolidation can
therefore not be explained by a confounding influence of anxiety at the
time of recall.

Turning to a biochemical explanation of the observed sex differences
in the effects of ang IV on memory consolidation, it important to note
that female C57BL/6 mice have previously been reported to exhibit es-
trous cycle specific behaviour in the novel object recognition task and to
be refractory to the analgesic effect of ang IV. Cordeira et al. (2018) re-
ported that female mice exhibited preferential exploration of the novel
object in the novel object recognition task only during the proestrus and
estrous phase of the estrous cycle, not during metestrous or diestrous.
Chow et al. (2018) studied the analgesic effects of intrathecal ang IV,
oxytocin and LVV-hemorphin-7 in male and female C57Bl/6 mice and
found that the drugs were effective in males but ‘either extremely weak
or absent in female mice at the same dose’. We did not assess estrous
cycle stage in the current study, but the work of Chow and colleagues
suggests that females differ from males in the activity of IRAP in that
ang IV, oxytocin and LVV-hemorphin-7 are all ligands for IRAP. As-
sessment of aminopeptidase activity of IRAP in brain tissue harvested
from control animals of the current study one hour after the recogni-
tion trial revealed that male and female mice did not differ significantly.
Twenty-four hour pre-treatment with ang IV, however, significantly re-
duced the aminopeptidase activity in male mice but not in female mice.
It is thus apparent that effects of ang IV on IRAP aminopeptidase func-
tion are sex-dependent and that the improved memory consolidation is
correlated with the reduced enzyme function.

The relationship between enzyme activity and memory consolida-
tion is further highlighted by the effects of the prenatal alcohol expo-
sure (PAE). The dose of ethanol used in this study is at the lower end of
the spectrum for such studies (see Petrelli et al., 2018), and there were
no effects of this dose on litter survival rate or off-spring body weight;
32% litter loss is typical for this strain of mouse (Weber et al., 2013).
We chose to study the effects of PAE in 124-day old animals as we are

Fig. 6. Michaelis-Menten curves for membrane-bound insulin-regulated aminopeptidase activity in brain tissue from male and female mice exposed pre-natally to either saccharin (con-
trol) or ethanol and saccharin (PAE) and subsequently treated with either saline or ang IV. There were no significant effects of pre-natal alcohol exposure on enzyme activity in those
animals subsequently treated with saline. Angiotensin IV treatment caused a significant decrease in Vmax but not Km in saccharin exposed males only (p=.0182). Group size=6–8.
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ultimately interested in the long-term effects in children with fetal alco-
hol spectrum disorder (FASD) and 124days is within normal range used
in mouse models of PAE. Those male mice exposed to prenatal ethanol
failed to show the improved memory consolidation following ang IV ad-
ministration at approximately 4months of age, and at the same time,
the pre-treatment with ang IV failed to reduce the aminopeptidase ac-
tivity of IRAP in PAE male mice. Taken overall, the results of the male
and female control and PAE mice therefore demonstrate that improved
memory consolidation only occurs in those animals where ang IV is seen
to decrease aminopeptidase function of IRAP 24h after administration
suggesting a possible causative relationship.

The likelihood of peripherally administered ang IV surviving plasma
peptidases, crossing the blood-brain barrier and inhibiting cortical or
hippocampal IRAP has been questioned previously (Ho and Nation,
2018). The results presented here, however, indicate some effect. The
results highlight the fact that ang IV, administered subcutaneously, was
able to significantly decrease the Vmax of IRAP in male mice, suggesting
that the peptide was able to cross the blood brain barrier and reach suf-
ficient concentrations to have an effect. It is improbable that this result
reflects competitive inhibition of the enzyme due both to the concentra-
tion of ang IV that would be needed (Demaegdt et al., 2012), but also
the expectation that bound ang IV would dissociate from the enzyme
during membrane fragment preparation. The most likely mechanism
would be that ang IV induced IRAP internalisation following binding,
as shown by Demaegdt et al. (2011) with the internalised vesicles not
being isolated by the membrane fragmentation/centrifugation process.
This IRAP internalisation process would be associated with enhanced
glucose uptake by the cells together with decreased membrane-bound
aminopeptidase activity. It is known that glucose administration has the
ability to improve learning and memory (Messier, 1997) and while the
current study did not explore the effects of PAE on neuronal glucose,
the results indicate definitively that there was no lasting effect on blood
glucose homeostasis. Whether improved memory consolidation is asso-
ciated with inhibition of aminopeptidase activity or enhanced glucose
uptake is therefore still unresolved.

Importantly, enhancement of memory consolidation by ang IV was
only seen in those animals in which there was also decreased Vmax
of IRAP by ang IV, suggesting a causative relationship. In female off-
spring there was neither enhancement of cognition, nor inhibition of
aminopeptidase activity.

Of course, the potential confounding effects of anxiety on memory
consolidation and recall warrant consideration. Those male mice ex-
posed to ethanol in utero exhibited significantly less locomotor activity
in the open field and greater thigmotaxis, than their unexposed counter-
parts. These results are indicative of greater anxiety at the start of the
behavioural test battery. Such increased anxiety could explain the im-
paired learning and memory. Results of the elevated plus maze at the
end of the battery, however, showed no significant effects of PAE (nor
ang IV pre-treatment) on anxiety as assessed by total distance moved
and time spent on the open arms of the maze. It is therefore unlikely
that increased anxiety associated with PAE interfered with memory re-
call, but earlier elevated anxiety may have interfered with memory ac-
quisition or consolidation.

One more potential explanation of the observed results remains:
purely pharmacokinetic. In male mice PAE may induce peptidase me-
tabolism of ang IV, thus abolishing the effects of the ang IV dose given
peripherally. Similarly in the female mice there may by a sex difference
in peptidase degradation of ang IV rendering the dose given inactive in
control mice, with no addition apparent effect of PAE. An investigation
of this proposal would be possible by determination of plasma and brain
ang IV pharmacokinetics in male and female control and PAE mice, al-
though the findings of Chow et al., 2018 indicate that there are sex dif-
ferences in responses to intrathecal ang IV suggesting that such sex dif-
ferences are not dependent on pharmacokinetic differences.

In conclusion, our study found that there was a sex difference in the
effects of peripherally administered ang IV on memory consolidation,
and that prenatal exposure to low dose ethanol abolished the precogni-
tive effects of ang IV. Whilst the sex difference and effect of PAE might
be explained by induced anxiety or increased peptide metabolism, the
most likely explanation is probably a difference in the aminopeptidase
activity of IRAP with improved memory consolidation correlated with
decreased enzyme Vmax probably as a consequence of enzyme internal-
isation. This study is the first to demonstrate an effect of peripherally
administered ang IV of IRAP function.
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