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Prior Pathology in the Basal Forebrain Cholinergic System
Predisposes to Inflammation-Induced Working Memory
Deficits: Reconciling Inflammatory and Cholinergic
Hypotheses of Delirium
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Trinity College Institute of Neuroscience, and School of Biochemistry and Immunology, Trinity College Dublin, Dublin 2, Republic of Ireland

Delirium is a profound, acute confusional state that leads to long-term cognitive decline. Increased anticholinergic medications and prior
dementia, in which basal forebrain cholinergic degeneration is a prominent feature, both predict delirium. Thus, cholinergic hypoactivity
is thought to be important in cognitive dysfunction during delirium, and acute systemic inflammation is a major trigger for this dysfunc-
tion. Here, we hypothesize that decreased cholinergic function confers increased susceptibility to acute inflammation-induced cognitive
deficits. We used the murine-p75-saporin immunotoxin (mu-p75-sap) to induce selective lesions of the basal forebrain cholinergic
system in mice, mimicking early dementia-associated cholinergic loss, and superimposed systemic inflammation using low-dose bacte-
rial lipopolysaccharide (LPS). Intracerebroventricular injection of mu-p75-sap produced depletion of cholinergic neurons in the basal
forebrain and decreased innervation of the hippocampus, but left performance on hippocampal-dependent reference and working
memory tasks relatively intact. However, systemic LPS (100 �g/kg) induced acute and transient working memory deficits in lesioned
animals without effect in unlesioned controls. CNS inflammatory responses were similar in normal and lesioned animals and the
acetylcholinesterase inhibitor, donepezil (1 mg/kg), protected against the acute cognitive deficits in this cholinergic-dependent task.
Thus, cholinergic depletion predisposes to development of acute cognitive deficits upon subsequent systemic inflammatory insult. These
data provide a useful model for examining interactions between acute systemic inflammation and chronic cholinergic hypofunction in
delirium and have implications for the recent trial of rivastigmine in sepsis-associated delirium.

Introduction
Delirium is a profound and highly prevalent neuropsychiatric
syndrome of acute onset that is characterized by disturbances in
attention, memory, orientation, and perception. The major risk
factors for delirium are aging and dementia (Inouye, 2006), and it
is now clear that episodes of delirium predict long-term cognitive
decline (Witlox et al., 2010). A lack of biologically relevant animal
models with which to study delirium has hampered progress in
investigating the mechanisms underlying this condition. Sepsis
can induce delirium in an otherwise healthy individual, but much
milder inflammation may induce episodes in those with prior
susceptibility. We have recently shown that prior neurodegenera-
tive pathology, including synaptic loss and microglial priming,

increases the vulnerability of mice to show acute working mem-
ory deficits upon systemic challenge with bacterial endotoxin (li-
popolysaccharide, LPS; Murray et al., 2012). Since the nature of
these deficits are acute and transient, with impairments in atten-
tion, recall, and short-term/working memory, this model dis-
plays key core features of delirium as defined by DSM-IV
(American Psychiatric Association, 1994) and ICD-10 (World
Health Organization, 1992) and will be useful in delineating
mechanisms.

Additionally, there is clinical evidence that anticholinergic
medications can induce delirium (Tune et al., 1981), and cholin-
ergic hypofunction is a cornerstone of the “final common path-
way” hypothesis of delirium (Trzepacz, 2000). Since the basal
forebrain cholinergic system shows significant degeneration in
Alzheimer’s disease and dementia (Davies and Maloney, 1976),
and these patient groups are among the most susceptible to de-
lirium, we hypothesized that chronic cholinergic hypofunction
increases the susceptibility of individuals to acute cognitive defi-
cits induced by systemic inflammation.

Here we have produced and characterized a model of limited
selective lesioning of the basal forebrain cholinergic system using
the murine-p75-saporin (mu-p75-sap) immunotoxin, a
ribosome-inactivating toxin saporin, bound to an antibody
directed against the p75 neurotrophin receptor (Berger-
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Sweeney et al., 2001; Moreau et al., 2008), which is enriched on
basal forebrain cholinergic neurons. We subsequently chal-
lenged lesioned and control mice systemically with LPS (100
�g/kg), assessed their differential susceptibility to working
memory deficits, and examined the inflammatory and cholin-
ergic dependence of these impairments.

Materials and Methods
Animals and stereotaxic surgery. Female C57BL/6 mice (Harlan) were housed
in groups of five at 21°C with a 12:12 h light-dark cycle with food and water
ad libitum. Mice were anesthetized intraperitoneally (i.p.) with Avertin

(2,2,2-tribromoethanol; Sigma) and positioned in a stereotaxic frame (Kopf
Instruments). Two 1 �l injections of mu-p75-sap (Advanced Targeting Sys-
tems) at a concentration of either 0.04 or 0.2 �g/�l (total dosage, 0.08 �g or
0.4 �g) were made into the lateral ventricles using a pulled glass micropipette
[coordinates (mm) from bregma: anteroposterior, �0.45; lateral, �1.0;
depth, �1.9]. Control animals were injected with sterile PBS. Following
injection, the needle remained in place for 5 min to minimize reflux. Animals
recovered fully from surgical procedures (20 d) before starting cognitive
experiments. All procedures were performed under Republic of Ireland
Department of Health and Children license and efforts were made to
minimize the suffering and number of animals used.

Figure 1. Cognitive and neuropathological consequences of saporin lesions. A, Visuo-spatial reference memory, assessed in Y-maze (10 trials: PBS, n � 24; 0.08 �g, n � 30; 0.4 �g, n � 25; 15
trials: PBS, n � 14, 0.08 �g, n � 20; 0.4 �g, n � 10). Main effects by two-way repeated-measures ANOVA are shown in the text. Significant post hoc differences between 0.4 �g mu-p75-sap and
all other groups are denoted by *p � 0.05. B, Working memory performance, assessed by T-maze alternation (PBS, n � 29; 0.08 �g, n � 52; 0.4 �g, n � 32). C–E, Representative
photomicrographs of ChAT-positive neuronal depletion in the medial septum/diagonal band in PBS (C), 0.08 �g mu-p75-sap (D), and 0.4 �g mu-p75-sap (E). Scale bar: (in E) C–E, 200 �m. F–H,
Histochemical AChE enzyme activity using the thiocholine method in the hippocampus of 0.08 �g (G) and 0.4 �g mu-p75-sap-treated (H ) animals compared with nonlesioned controls (F ). Scale
bar: (in H ) F–H, 200 �m. I, Correlation between ChAT-positive cells and Y-maze performance in trial block two. J, Mean ChAT-positive cells, in three regions spanning the medial septum/diagonal
band, in 0.08 �g mu-p75-sap (n � 13) and PBS controls (n � 6), 50 d postlesion (*p � 0.05, Bonferroni post hoc after significant two-way ANOVA). K, Histochemical AChE enzyme activity in the
hippocampus of 0.08 �g mu-p75-sap (n � 15) and PBS controls (n � 5; t test, **p � 0.01). L, ChAT mRNA expression in the medial septum in 0.08 �g mu-p75-sap (n � 10) animals relative to
PBS controls (n � 9; t test, *p � 0.05).

Field et al. • Hypocholinergic Function Predisposes to Delirium J. Neurosci., May 2, 2012 • 32(18):6288 – 6294 • 6289



Intraperitoneal challenges. For some cogni-
tive and inflammatory experiments, animals
were injected intraperitoneally with 100 �g/kg
LPS (Salmonella equine abortus L5886, Sigma)
in sterile saline. Some animals received done-
pezil hydrochloride (1 mg/kg, i.p.; Aricept,
Pfizer), in endotoxin-free water, 1 h after LPS.
The muscarinic antagonist scopolamine hy-
drobromide (Tocris Bioscience) was injected
intraperitoneally at 1 mg/kg in sterile saline,
administered 1 h before testing in a cohort of
naive C57BL/6 mice. In all cases, control ani-
mals were administered sterile saline.

Cognitive testing. We used the “paddling”
Y-maze visuospatial task, as previously de-
scribed (Cunningham et al., 2009), to inves-
tigate hippocampal-dependent reference
memory following basal forebrain cholinergic
lesioning. Mice were placed in one of two pos-
sible start arms in a pseudo-randomized se-
quence for 10 trials, and the groups were
counter-balanced with respect to the location
of the exit. In a subset of animals, the task was
conducted for 15 trials. A correct trial was de-
fined as entry to the exit arm without entering
other arms. Hippocampal-dependent working
memory was assessed as previously described
in our “paddling” T-maze alternation task
(Murray et al., 2012). Each mouse was placed
in the start arm of the maze with one arm
blocked such that they were forced to make a
left (or right) turn to exit the maze, selected in
a pseudorandom sequence (equal left and right
turns, �2 consecutively to same arm). The
mouse was held in a holding cage for 25 s (in-
tratrial interval) during which time the door
was removed and the exit tube was switched to
the alternate arm. The mouse was then re-
placed in the start arm and could choose either
arm. Alternation from its original turn consti-
tutes a correct trial. On choosing incorrectly,
the mice were allowed to self-correct to find the
correct exit arm. Animals were trained for
blocks of 10 trials (20 min intertrial interval)
until reaching performance criterion. Most an-
imals reached alternation of �80% but no an-
imals were challenged with LPS or saline unless
they showed consecutive days performing at
70% or above, never �70% in the last block of
five trials before challenge and no evidence of a
side preference.

Histochemistry and immunohistochemistry.
At the end of behavioral experiments (42–50 d)
animals were transcardially perfused with hep-
arinized saline for acetylcholinesterase (AChE)
histochemistry and additionally with 10% for-
malin for choline acetyltransferase (ChAT) immunohistochemistry.
AChE histochemistry was performed on fresh frozen tissue (20 �m cor-
onal sections) at the level of the hippocampus using the thiocholine
method (Paxinos and Watson, 1998). Coronal sections (10 �m) of par-
affin wax-embedded tissue were cut on a microtome, at the level of the
medial septum. Sections were labeled with goat anti-human ChAT (1/
500; Millipore) or goat anti-IBA1 (Abcam), after pretreatment with 1%
H2O2/methanol (20 min), microwaving in citrate buffer (pH 6) for 2 � 5
min and preblocking with normal rabbit serum. IBA-1 sections were
pretreated with 0.04% pepsin for 20 min before blocking. Thereafter, the
ABC method was used as previously described (Cunningham et al.,
2005). Both AChE density and cholinergic cell counting was performed
using ImageJ software (rsbweb.nih.gov). ChAT-positive cells were

identified and counted at three predefined areas moving rostrocau-
dally through the medial septum of all animal groups (anteroposte-
rior �1.10 –1.05, 1.00 – 0.95, 0.90 – 0.85).

RNA extraction and quantitative PCR. Tissue for RNA extraction was
precisely scalpel-dissected from coronal sections at the appropriate level
after rapid transcardial perfusion with saline. Samples weighed 20 –30
mg. Isolation of total RNA, cDNA synthesis, and analysis of transcription
using relative quantification after normalization to GAPDH expression,
have been performed as previously described (Cunningham et al., 2005).
Total RNA was extracted from brain samples using Qiagen RNeasy Plus
mini kits (Qiagen) and yields determined by spectrophotometry at 260
nm. For Taqman quantitative PCR, cDNA was generated from total RNA
using a High Capacity cDNA Reverse Transcription Kit (Applied Biosys-

Figure 2. Acute microglial response to cholinergic lesion. A, B, Quantitative PCR data for TNF-� and SRA2 at 3 and 35 d
postinjection of PBS or mu-p75-saporin. ***p � 0.001 by Bonferroni post hoc test after a significant one-way ANOVA. Represen-
tative micrographs of microglial IBA-1 immunolabeling in the medial septum and dentate gyrus 6 d after PBS injection (C, D) and
6 d (E, F ) or 40 d (G, H ) after mu-p75-sap (0.08 �g) injection. Scale bar: (in C) C–H, 100 �m.
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tems) according to the manufacturer’s instructions. Two hundred nano-
grams of total RNA were reverse transcribed in a 10 �l reaction volume.
One microliter of the RT reaction (equivalent to 20 ng of RNA) was used
for PCR. Primer pairs were as follows: CXCL1, forward 5�-CACCCAAA
CCGAAGTCATAGC-3� and reverse 5�-AATTTTCTGAACCAA GGGA
GCTT-3�; ChAT, forward 5�-CAGCCAATTGGGTCTCTGAATAC-3�
and reverse 5�-GAAGTGCTGCCGAGCAAAG-3�. Other primer pairs
were as previously described (Palin et al., 2008).

Statistical analyses. Behavioral, ChAT-positive cell loss and CNS tran-
scription data were analyzed by two-way ANOVA with Bonferroni post
hoc analysis after significant main effects. AChE density measurements
were analyzed by two-tailed t test.

Results
Cognitive and neuropathological characterization of
saporin lesions
We assessed animals injected with 0.08 �g and 0.4 �g of mu-p75-
sap on tests of reference and working memory. PBS and mu-p75-
sap-treated animals were tested in the visuo-spatial reference
memory Y-maze task (Fig. 1A) for two blocks of five trials. There
was a main effect of treatment (F � 3.147, df 2, 76; p � 0.05) by
two-way repeated-measures ANOVA and Bonferroni post hoc
tests revealed that in the second block of five trials, the 0.4 �g
mu-p75-sap group showed significantly fewer correct trials com-
pared with other groups. In a subset of animals (PBS, n � 14; 0.08
�g, n � 20; 0.4 �g, n � 10) tested for 15 trials, there were no
differences in performance in the final block of trials, indicating
that the higher dose mu-p75-sap-lesioned animals can learn the
task but do so at a slower rate than other groups.

Animals were assessed on learning of a T-maze working mem-
ory task for 10 blocks of 10 trials (Fig. 1B). There was no effect of
lesion on learning of this task, as determined by two-way
repeated-measures ANOVA (F � 1.34, df 2, 990; p � 0.2670),
although there was a trend toward slower learning at the higher
dose (0.4 �g). Cerebellar deficits have been reported with high
doses of this toxin (Berger-Sweeney et al., 2001; Moreau et al.,
2008) but we observed no motor coordination impairments at
either dose upon formal testing (data not shown).

There was clear evidence for loss of ChAT-positive neurons in
0.08 �g and 0.4 �g mu-p75-sap-treated animals, and this was
more severe in the 0.4 �g group (Fig. 1C–E). Similarly, AChE
histochemistry in the hippocampus, a major projection area from
the basal forebrain (Mesulam et al., 1983), showed robust loss of
AChE activity in each of the mu-p75-sap treatment groups, with
more severe loss at 0.4 �g (Fig. 1F–H). Linear regression analysis
indicated a significant correlation between remaining cholinergic
cell density and Y-maze performance (Fig. 1 I; r 2 � 0.36, p �
0.0084). Since our hypothesis was based upon limited cholinergic
deficiency that, in itself, did not produce cognitive impairments,
the lower dose (0.08 �g) was used for all further experiments.
ChAT-positive neurons were quantified in three areas of the
medial septum/diagonal band moving rostrocaudally from
bregma (Fig. 1 J). Significant ChAT depletion was found in
mu-p75-sap-lesioned mice compared with PBS controls.
Repeated-measures ANOVA revealed a main effect of lesion
(F � 7.61, df 1, 34; p � 0.0134) and of rostrocaudal location
(F � 65.56, df 2, 34; p � 0.0001), and Bonferroni post hoc tests
showed significant differences between PBS and mu-p75-sap
at 1.0 – 0.95 and 0.9 – 0.85 mm from bregma ( p � 0.05). We
assessed for nonselective neuronal loss using NeuN immuno-
labeling in a standardized area of 0.48 mm 2 in the intermedi-
ate lateral septum (periventricular, proximal to injection site).
There were no significant differences in neuronal counts at
this location (324 � 14 for mu-p75-sap vs 320 � 14 for PBS).

Histochemical AChE enzyme activity was decreased in the
hippocampus of mu-p75-sap-lesioned animals (0.08 �g; Fig.
1K). There was significantly less AChE activity in lesioned ani-
mals (t test, p � 0.01), although four lesioned animals showed
limited AChE loss. These were subsequently omitted from anal-
ysis of cognitive performance. Assessment of ChAT mRNA in the
medial septum/diagonal band also revealed significantly less

Figure 3. LPS-induced working memory deficits and cholinergic dependence. A, T-maze
alternation of PBS or saporin-lesioned animals challenged intraperitoneally with LPS (100 �g/
kg) or sterile saline 40 � 2 d after surgery (n: PBS � sal, 9; PBS � LPS, 6; SAP � sal, 19; SAP �
LPS, 10). Bonferroni post hoc tests after significant two-way repeated-measures ANOVA are
indicated by ***p � 0.001 and *p � 0.05. B, Cholinergic dependence of T-maze performance
was verified by testing 1 h postsystemic challenge with scopolamine hydrobromide (1 mg/kg,
i.p., n � 10) or saline (n � 13). Significant interaction between time and treatment by
repeated-measures ANOVA is indicated by **p � 0.01. C, Working memory deficits 3 h post-
LPS (100 �g/kg) were partially protected against by the acetylcholinesterase inhibitor done-
pezil (1 mg/kg, i.p.), administered 1 h after LPS. Statistically significant differences by
Bonferroni post hoc test after significant main effects by repeated-measures ANOVA are de-
noted by *p � 0.05 (p75-sap � donepezil n � 14; p75-sap � LPS n � 16; p75-sap � LPS �
donepezil n � 8).
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ChAT expression in mu-p75-sap-lesioned animals compared
with controls (t test, p � 0.05).

Microglial response to cholinergic lesion
Quantitative PCR for the proinflammatory cytokine TNF-� (Fig.
2A) and scavenger receptor A2 (SRA2; Fig. 2B), showed that
there was a statistically significant acute microglial activation at
3 d postinjection of mu-p75-sap (p � 0.001 by Bonferroni post
hoc after significant one-way ANOVA) which had completely
resolved at 35 d postinjection. Similarly, IBA-1 staining for mi-
croglia showed clear evidence of activation in both the medial
septum and in the dentate gyrus of the hippocampus at 6 d postle-
sion (Fig. 2E,F), but not in PBS-injected animals or in mu-p75-
sap animals at 40 d postlesion.

LPS reveals vulnerability of cholinergic-dependent
working memory
Mu-p75-sap-lesioned (0.08 �g) and control animals, trained on
T-maze working memory were challenged with saline or LPS at
40 � 2 d postlesion. Lesioned animals challenged systemically
with LPS (100 �g/kg) showed marked working memory deficits
(Fig. 3A), peaking 3 h postchallenge and persisting at 7 h. Neither
mu-p75-sap alone nor LPS alone was sufficient to induce such
deficits. Two-way repeated-measures ANOVA revealed a main
effect of treatment (F � 3.93, df 3, 240; p � 0.015) and an
interaction between treatment and time (F � 1.89, df 18, 240;
p � 0.0173). Bonferroni post hoc tests revealed that mu-p75-
sap � LPS animals were impaired with respect to all other
groups at 3 h ( p � 0.001) and 7 h ( p � 0.05). Since this task is
scored on correct choices rather than latency it cannot be
confounded by motor deficits.

To verify cholinergic dependence of this T-maze, we trained
naive C57BL/6 mice and administered the muscarinic antagonist
scopolamine hydrobromide (1 mg/kg i.p.) or sterile saline. Sco-
polamine induced a marked impairment in working memory
compared with saline controls (Fig. 3B). Repeated-measures
ANOVA revealed main effects of block (F � 16.74, df 1, 21; p �
0.0005) and treatment (F � 20.18, df 1, 21; p � 0.0002) and a
significant interaction (F � 12.65, df 1, 21; p � 0.0019), demon-
strating cholinergic dependence of this task. We then assessed the
ability of the acetylcholinesterase inhibitor, donepezil, to block
the LPS-induced deficits. Animals were challenged systemically

with LPS and received donepezil (1 mg/kg i.p.) or vehicle 1 h
later. Donepezil afforded significant, though incomplete, protec-
tion against the LPS-induced working memory deficits without
effect in normal animals (Fig. 3C). Repeated-measures ANOVA
analysis of the LPS-treated groups revealed significant main ef-
fects of treatment (F � 12.17, df 1, 132; p � 0.0021). Bonferroni
post hoc tests revealed a significant difference between mu-p75-
sap � LPS and mu-p75-sap � LPS � donepezil at 3 h post-LPS
challenge (p � 0.05). Thus, acetylcholinesterase inhibition par-
tially protects against the LPS-induced deficits in animals with
existing cholinergic hypofunction.

Microglia are not primed after cholinergic depletion
We examined the CNS transcription of a number of cytokine
mRNA species in the medial septum and hippocampus 3 h after
systemic challenge with LPS (100 �g/kg) to assess for microglial
priming in lesioned animals (Fig. 4). Systemic LPS induces robust
upregulation of the proinflammatory genes IL-1�, TNF�, IL-6,
and CXCL1 in the medial septum/diagonal band and hippocam-
pus. Since CNS detection of cytokine protein is unreliable after
100 �g/kg LPS, we also assessed the secondary response genes
PTX-3 and TNFAIP2 as indicators of IL-1� and TNF-� action.
Two-way ANOVA revealed a main effect of LPS in all cases (F �
8.17, df 1, 15; p � 0.0027). However, there was no effect of lesion
in the case of any of these genes. Thus, 40 d after these limited
cholinergic lesions, systemic LPS induces CNS inflammation, but
microglia are not primed to respond more robustly to this in-
flammatory challenge.

Discussion
In the current study we have shown that moderate basal forebrain
cholinergic hypofunction leaves animals susceptible to systemic
inflammation-induced acute working memory deficits. Systemic
inflammation alone produced no deficits and, consistent with
prior reports of selective cholinergic lesioning (Wrenn et al.,
1999), limited cholinergic hypofunction alone was also insuffi-
cient. These data demonstrate an important interaction between
prior cholinergic pathology and subsequent inflammatory in-
sults, and offer a novel animal model with obvious relevance for
delirium during dementia.

We had previously shown, in an animal model of progressive
neurodegenerative disease, that microglia are primed to produce

Figure 4. CNS inflammatory response to systemic LPS in lesioned animals. Expression of proinflammatory genes IL-1�, TNF�, IL-6, CXCL1, and downstream genes PTX-3 and TNFAIP2
in septum and hippocampus 3 h after LPS (100 �g/kg, i.p.) or saline (40 d postlesion). n � 4 for PBS � saline and n � 5 for other groups. Main effects of LPS (two-way ANOVA) are
described in main text.
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exaggerated CNS responses to systemic inflammation (Cunning-
ham et al., 2005), and that these animals are now more suscepti-
ble to working memory deficits (Murray et al., 2012). The current
study also demonstrates LPS-induced deficits only in those ani-
mals with prior neurodegeneration, although in this case, the
degeneration is cholinergic. We have shown evidence of acute
inflammation postlesioning that, given the considerably lower
saporin dosing, is proportionally more subtle than in prior stud-
ies (Hunter et al., 2004). There is no evidence that the microglia of
the basal forebrain or hippocampus are primed at 35 d, suggest-
ing that although primed microglia may increase the likelihood of
inflammation-induced cognitive impairment, this exaggerated
inflammatory response is not essential. Therefore, loss of cholin-
ergic modulation becomes the likely predisposing factor. In pre-
vious studies we have shown that increased susceptibility is
associated with significant loss of presynaptic terminals (Murray
et al., 2012), and here we show that it is associated with the loss of
cholinergic input to the hippocampus and can be blocked with
cholinesterase inhibition. Centrally administered IL-1� can impair
memory in a cholinesterase-sensitive manner and can directly di-
minish acetylcholine outflow (Rada et al., 1991; Matsumoto et al.,
2001; Taepavarapruk and Song, 2010). Our data show that systemic
inflammation is sufficient to induce acute memory dysfunction in a
cholinergic-dependent manner only in the context of existing cho-
linergic neurodegeneration.

Cholinergic neuromodulation is important in normal cog-
nitive function and loss of this can lead to cognitive and atten-
tional deficits (McGaughy et al., 2000). Anticholinergic
medications can induce delirium (Tune et al., 1981), contrib-
uting to the consensus that cholinergic hypofunction is a key
feature (Trzepacz, 2000) and cholinergic inhibition has been
used to mimic delirium in rats (Trzepacz, 1996). The cholin-
esterase inhibitor rivastigmine was recently tested as a treat-
ment for intensive care unit (ICU) delirium (van Eijk et al.,
2010) based both on the known neuromodulatory role of ace-
tylcholine and on its suppression of peripheral macrophage
function via vagal stimulation of �7-nicotinic receptors
(Tracey, 2007). Agonism at this receptor on microglia can
downregulate microglial activation (De Simone et al., 2005)
but endogenous acetylcholine has not been shown to inhibit
CNS microglia in a context relevant to sepsis. Data in the
current study suggest that at least with 	20% depletion of
hippocampal cholinergic innervation, microglial responses to
systemic inflammation are not accentuated. Whether more
severe hypocholinergia leads to more robust LPS responses
remains to be established.

We have shown that a pre-existing cholinergic deficit results
in a vulnerability to the cognitive effects of systemic inflamma-
tion. The demonstration that acetylcholinesterase inhibition is
protective, but only partially, in this paradigm has implications
for the reconciliation of inflammatory and cholinergic hypothe-
ses of delirium. The rivastigmine trial was stopped prematurely
due to a lack of efficacy and increased mortality and we would
hypothesize that procholinergic strategies in sepsis, where indi-
viduals lack “hypocholinergic predisposition,” may be less effec-
tive than in those on a background of progressive dementia.
Dementia is the major risk factor for delirium, and extensive
degeneration of the basal forebrain cholinergic neurons is ob-
served in AD (Davies and Maloney, 1976). Even early in disease
there is clear evidence of decreased cholinergic innervation of the
frontal cortex (Ikonomovic et al., 2007). Consistent with previ-
ous studies with mu-p75-sap (Moreau et al., 2008), the current
lesion produced limited neuronal loss in the nucleus basalis and

thus, the effects observed here likely rely on dysfunction in the
septohippocampal pathway (Mesulam et al., 1983) rather than in
the frontal cortex. Further studies with mu-p75-sap injections
directly into the nucleus basalis will be necessary to specifically
investigate hypocholinergia in the frontal cortex. Nonetheless, we
have previously shown that as neurodegenerative pathology be-
comes more global, so too does the breadth of CNS changes
induced by systemic inflammation (Cunningham et al., 2009);
thus, while the current model predicts only a subset of symptoms
based on its deliberately limited extent, it provides an excellent
paradigm in which to interrogate the interaction between sys-
temic inflammation and cholinergic function. We propose that
this novel animal model can contribute significantly to our un-
derstanding of delirium pathophysiology, which is currently
rather limited in both ICU and geriatric settings.
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