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Abstract

recovery and cognitive health in elderly patients.

Objective This study examines the impact of preoperative stress on postoperative neuroinflammation and
associated cognitive dysfunction, with a focus on aged individuals. The goal is to determine whether managing
preoperative stress can enhance postoperative outcomes and lower the risk of cognitive impairment.

Results In aged rats, preoperative restraint stress significantly worsened neuroinflammation and cognitive deficits
following abdominal surgery. Elevated levels of pro-inflammatory cytokines were observed in the hippocampus and
medial prefrontal cortex two days post-surgery, and these effects persisted for twenty-eight days. In contrast, adult
rats did not show significant changes in neuroinflammation or cognitive function due to preoperative restraint stress.
An ex vivo analysis indicated that hippocampal microglia from aged rats exhibited an intensified proinflammatory
response to lipopolysaccharide stimulation, further heightened by preoperative restraint stress. These findings
suggest that managing preoperative stress could mitigate these adverse effects, leading to better postoperative
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Introduction
Postoperative delirium (POD) is a transient mental dis-
turbance that occurs following surgery, characterized by
confusion and cognitive decline [1]. Although typically
short-lived, POD can delay recovery, prolong hospital
stays, and increase the risk of long-term cognitive issues,
particularly among elderly patients [2, 3].
Neuroinflammation, driven by microglial activation
and cytokine release, plays a central role in POD [4].
Despite this understanding, no specific treatments are
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currently available, which highlights the importance of
preventive measures, especially non-pharmacological
strategies [5]. Therefore, identifying modifiable preop-
erative risk factors is crucial. While some factors, such as
advanced age, are immutable, preoperative stress is mod-
ifiable and may contribute to POD by triggering neuroin-
flammation [6, 7].

We previously reported an animal model of POD, opti-
mized for evaluating postoperative neuroinflammation
and cognitive function [8]. Building on this foundation,
the present study aims to further explore the impact of
preoperative stress and aging on neuroinflammation.
By expanding on our previous findings, we seek to pro-
vide novel insights into the prevention of POD in elderly
patients and to refine strategies for mitigating cognitive
decline associated with surgery.
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Methods

Animals and experimental design

The study adhered strictly to the National Institutes of
Health Guide for the Care and Use of Laboratory Ani-
mals and received approval from the Institutional Ani-
mal Care and Use Committee of Kochi Medical School
(Approval No. P-00076). Male Wistar rats, categorized
as adults (2—4 months old) and aged (17-19 months
old), were purchased from Alfresa Shinohara Chemicals
Corporation (Kochi, Japan) and housed in our labora-
tory in pairs under standard laboratory conditions with
a 12-hour light-dark cycle. Food and water were provided
ad libitum, except during the restraint stress procedure.
After randomization, all animals underwent a standard
open-field test to assess baseline activity.

Three sets of experiments were conducted as indicated
in Additional file 1: Fig. S1. Experiments 1 and 2 evalu-
ated in vivo cognition and hippocampal cytokines during
the acute and long-term postoperative phases. Rats were
divided into four groups using a 2x2 design: Preopera-
tive Restraint Stress (PRS) vs. non-PRS, and sham surgery
vs. abdominal surgery. Experiment 1 assessed cogni-
tive function two days post-surgery, while Experiment
2 focused on cognitive outcomes 28 days post-surgery.
Each group included eight animals, as per our previous
studies [8]. In Experiment-3, hippocampal microglia
were isolated for ex vivo analysis at baseline (naive and
one-day after PRS) and 28 days after surgery or sham fol-
lowing PRS or non-PRS conditions. The data from the
naive group under baseline conditions were used as the
data for the non-PRS/non-Surgery group.

Preoperative restraint stress procedure

On experimental days, rats were acclimated for one hour
before procedures. The stress group underwent PRS for
2 h/day for three days, between 12:00 and 14:00, to avoid
circadian rhythm influences. PRS involved placing the rat
in a plexiglass restrainer to limit limb movement. After
each PRS session, rats were returned to their home cages.
Control animals were housed in the same room without
food or water during the restraint period. After the final
PRS treatment, animals were anesthetized and under-
went laparotomy or sham procedures.

Anesthesia and surgery

Anesthesia was induced in an induction chamber flushed
with 2% isoflurane in oxygen at 2 L/min until the ani-
mal became recumbent. The animal was then placed on
a nose cone connected to a vaporizer to maintain iso-
flurane (1.0 to 1.5%) in oxygen at 0.5 L/min during the
procedure. Abdominal surgery involved a 2-cm midline
incision, small intestine manipulation, and closure. For
postoperative analgesia, 0.2% ropivacaine (300 pL) was
administered via wound infiltration. The surgery lasted
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10 min. Control rats underwent anesthesia, shaving, and
analgesia without surgery.

Trace fear conditioning task and tissue collection
Postoperative cognitive function was assessed using trace
and context memory tests following trace fear condi-
tioning on postoperative day 2 in Experiment 1 and on
day 28 in Experiment 2. The trace fear conditioning task
involved associating a conditioned stimulus (CS) with
an unconditioned stimulus (US) across a time gap. The
tests were performed 24 h after training. After the behav-
ioral assessment, animals were sacrificed under deep
anesthesia with isoflurane inhalation (3—5%) to ensure
full unconsciousness. Tissues and plasma were then
collected, with the hippocampus and medial prefron-
tal cortex (mPFC) being harvested and homogenized.
The resulting supernatants were stored for subsequent
analysis using an Enzyme-Linked Immunosorbent Assay
(ELISA) to measure levels of Tumor Necrosis Factor-«
(TNF-a) and Interleukin-1f (IL-1B). These cytokines
were selected because they are well-established pro-
inflammatory markers associated with neuroinflam-
mation and cognitive disorders in neurodegenerative
diseases [9, 10]. In Experiment 3, hippocampal microglia
were isolated, plated, and stimulated with lipopolysac-
charide (LPS) to assess cytokine release as an indicator of
microglial immune reactivity.

For more detailed materials and methods, see Addi-
tional File 2.

Statistical analysis

Data were expressed as the meantstandard deviation
(SD). The Shapiro-Wilk test was used to assess the nor-
mality of data distributions. Specifically, differences
between groups were analyzed using the Kruskal-Wal-
lis test followed by pairwise Wilcoxon—-Mann—Whit-
ney tests with Bonferroni correction for multiple
comparisons. Two-way ANOVA was applied to evaluate
the effects of age group and experimental conditions on
normally distributed data. A p-value<0.05 was consid-
ered statistically significant. Data were processed using
SAS (v9.3) and SPSS (v11).

Results

Baseline behavioral and physiological assessments

Before experiments, all animals underwent open-field
tests to assess baseline psychomotor states. Habituation
and locomotor counts were consistent across groups,
indicating similar baseline activity, anxiety, and adaptive
behavior, in both adult (Additional file 3: Fig. S2A-D) and
aged (Additional file 4: Fig. S3A-D) animals. The PRS
paradigm induced a comparable stress response, indi-
cated by elevated plasma corticosterone levels, in both
adult and aged rats (Additional file 5: Fig. S4). There were
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no differences in arterial oxygen saturation (p=0.73),
pulse rate (p=0.84), or body temperature (p=0.77) dur-
ing anesthesia (Additional file 6: Table S1).

Memory retention tests two days after surgery

During training on the first day post-surgery, freez-
ing responses were similar across groups in both adult
(F(3, 224y=0.31, p=0.82) and aged (F3, 54,=0.46, p=0.71)
animals (Additional file 7: Fig. S5A-B), indicating intact
fear memory acquisition. Trace memory retention in a
novel chamber showed increased freezing after the CS
in all groups, Additional file 8, Adult: p<0.05 (Fig. S6A);
Aged: p<0.05 (Fig. S6B). Subsequent pairwise compari-
sons demonstrated that, while the freezing percentage
did not differ between the non-PRS/non-Surgery and
PRS/non-Surgery groups, surgical rats had significantly
lower freezing compared to non-surgical groups in both
adult (Fig. 1A, p<0.05) and aged (Fig. 1B, p<0.05) ani-
mals. Notably, PRS significantly exacerbated this impair-
ment in aged rats (p<0.05) but had no effect on adults
(p=0.67).
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Context retention testing revealed a significant main
effect of group in both adult (Fig. 1C, p<0.05) and aged
(Fig. 1D, p<0.05) animals. In the non-surgical groups of
both adult and aged rats, PRS did not affect the percent-
age of freezing behavior. However, surgical rats exhibited
significantly lower freezing behavior compared to con-
trol animals (Adults: p<0.05; Aged: p<0.05). Moreover,
PRS further impaired context memory retention in aged
PRS/surgical rats compared to the aged non-PRS/surgery
group (p<0.05). This additional impairment, however,
was not observed in adult surgical animals.

Memory retention tests twenty-eight days after surgery

During training, no significant differences were observed
in trace fear conditioning acquisition among the groups
(Additional file 9: Fig. S7A-B). In adult rats, both trace
(Fig. 1E, p=0.65) and context (Fig. 1G, p=0.93) memory
retention were similar across the groups, indicating no
surgery-induced cognitive impairment in the late post-
operative period. In aged rats, while trace memory was
unaffected by PRS (Fig. 1F, p=0.89), context memory
retention was significantly impaired in the PRS/surgery
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Fig. 1 Freezing Behavior in Adult and Aged Animals During Various Memory Retention Tests Following Trace Fear Conditioning. Panels A and B illustrate
freezing behavior during the trace memory retention test after the tones, while panels C and D present freezing behavior during the context memory
retention test 2 days post-surgery. Panels E and F show freezing behavior during a subsequent trace memory retention test after the tones, and panels G
and H display freezing behavior during the context memory retention test 28 days post-surgery. Each study group, detailed in the Materials and Methods
section, consists of 8 animals (n=8). Vertical bars represent the mean and standard deviation. Statistical significance is indicated as *p < 0.05 compared to
the non-PRS/non-surgery group and tp <0.05 compared to the non-PRS/surgery group
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group compared to the non-PRS/surgery group (Fig. 1H,
p<0.05).

Brain cytokine levels after trace fear conditioning

At 2 days post-surgery, TNF-a and IL-1f levels in the
hippocampus and mPFC were comparable in non-sur-
gical groups of control and PRS rats in both age groups.
However, these cytokines were significantly higher in the
hippocampus and mPFC compared to controls in both
adult and aged rats (Fig. 2A, C, B and D, all p<0.05).
PRS did not affect TNF-a or IL-1f production in adult
animals (TNF-a: p=0.78; IL-1p: p=0.81) but significantly
exacerbated their levels in aged rats in both the hippo-
campus (p<0.05) and mPFC (p<0.05). Plasma IL-1f
levels were similar across all groups (Additional file 10:
Fig. S8A-B). By 28 days, TNF-a and IL-1f levels in the
adult hippocampus and mPFC were comparable among
all groups (Fig. 2E and G; hippocampus TNF-a: p=0.89,
IL-1B: p=0.91; mPFC TNE-a: p=0.46, IL-1: p=0.18).
However, in aged rats, TNF-a and IL-1p levels in the
hippocampus (Fig. 2F), but not in the mPFC (Fig. 2H),
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remained elevated in the PRS/surgery group compared to
the non-PRS/surgery group (p<0.05).

Considering all age groups, cytokine levels in the hip-
pocampus and mPFC showed a negative correlation with
memory retention at 2 days. At 28 days, only aged rats
retained a significant association between hippocampal
cytokines and memory (Additional file 11: Table S2-3),
highlighting the role of neuroinflammation in cognitive
deficits after surgery.

Microglial immune reactivity

Under baseline conditions, LPS increased TNF-a pro-
duction from hippocampal microglia in a concentra-
tion-dependent manner in both adult and aged groups
(Fig. 3A, p<0.05 for each group). However, the LPS-
induced TNF-a elevation was more pronounced in aged
rats (F3 40=208.0, p<0.05). In adult microglia, the
increase in LPS-induced cytokines was similar between
the non-PRS and PRS groups (Fig. 3B, F(j 4,=0.82,
p=0.37), whereas in aged microglia, it was significantly
amplified in the PRS group (Fig. 3C, F( 40=45.72,
p<0.05).
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Fig. 2 Tumor Necrosis Factor-a (TNF-a) and Interleukin-13 (IL-1B) levels in the hippocampus and medial prefrontal cortex (mPFC) of adult and aged rats
at different time points post-surgery. Panels A and B display TNF-a and IL-1f3 levels in the hippocampus, while panels Cand D show TNF-a and IL-1(3 levels
in the mPFC, both at 2 days post-surgery. Panels E and F present TNF-a and IL-18 levels in the hippocampus, and panels G and H depict TNF-a and IL-1(3
levels in the mPFC at 28 days post-surgery. Each study group, as detailed in the Materials and Methods section, consists of 8 animals (n=8). Vertical bars
represent the mean and standard deviation. Statistical significance is indicated as *p <0.05 compared to the non-PRS/non-surgery group and tp <0.05
compared to the non-PRS/surgery group
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Fig. 3 Concentration-response effects of ex vivo lipopolysaccharide (LPS) stimulation on tumor necrosis factor (TNF)-a production in hippocampal mi-
croglia. Microglia were isolated from the hippocampi of adult and aged rats under various conditions: without any intervention (A, baseline), following
preoperative restraint stress (PRS) in adult (B) and aged (C) rats, and 28 days post-surgery in adult (D) and aged (E) rats. To highlight changes after PRS
relative to baseline, the baseline response (A) is represented as a dashed line in panels B, C, D, and E. Primary microglia were stimulated with varying con-
centrations of LPS (0.1, 1, 10, or 100 ng/ml) or media alone, and TNF-a levels were measured from supernatants collected 24 h later. Each bar represents
the mean + standard deviation (n=5 per group)
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At 28 days post-surgery, the response of microglia from
adult hippocampus in the PRS/surgery group to LPS
was comparable to other groups (Fig. 3D, F(, 4,=0.39,
p=0.68). In aged microglia, the immune reactivity was
significantly aggravated in the PRS/surgery group com-
pared to baseline (Fig. 3E, F(; 40=143.22, p<0.05).

Discussion

Our findings support the idea that aged microglia exhibit
heightened inflammatory responsiveness [11], which
may lead to maladaptive neuroinflammation and cogni-
tive impairments such as POD. Recent studies suggest
that microglia possess immune memory, influencing
subsequent immune responses [11, 12]. This memory is
hypothesized to induce sustained neuroinflammation,
which may underlie the pathogenesis of certain neuro-
degenerative diseases [13, 14]. Our results indicate that
aged microglia, subjected to strong immune stimulation
from surgery with PRS, show increased inflammatory
sensitivity in the chronic postoperative phase, correlat-
ing with observed cognitive deficits 28 days after surgery.
Thus, immune memory in aged microglia may link POD
to long-term cognitive decline, suggesting that mitigating
neuroinflammation during POD is crucial for preventing
such impairments, particularly in the elderly.

We utilized the restraint stress model with a 3-day
period to simulate preoperative conditions, as it reliably
induces a response in rodents that mirrors the anxiety
and tension commonly experienced by surgical patients.
This model has been shown to effectively stimulate the
Hypothalamic-Pituitary-Adrenal (HPA) axis [15, 16], and
our results further support its validity, as evidenced by
elevated plasma corticosterone levels in both adult and
aged rats.

Excessive stress leads to chronic microglial activa-
tion and persistent neuroinflammation, contributing
to psychiatric disorders [6, 7, 17]. Our findings reveal
that, while the PRS paradigm alone did not indepen-
dently cause neuroinflammation, it exacerbated surgery-
induced inflammation in aged rats, highlighting the
heightened sensitivity of microglia to stress with aging.
This increased microglial vulnerability appears central to
stress responses in aged individuals. Notably, in the non-
PRS/surgery group, the heightened sensitivity of aged
microglia resolved during the chronic phase, whereas
in the PRS/surgery group, it persisted, suggesting that
strong immune stimulation during the acute phase had
induced immune memory, resulting in prolonged cogni-
tive impairment. These results emphasize that preopera-
tive stress significantly impacts long-term postoperative
cognitive outcomes, particularly in aged individuals.

The clinical implications of these findings are substan-
tial, underscoring the importance of managing preopera-
tive stress in elderly patients to improve their prognosis.
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Effective stress management may reduce the immune
reactivity of microglia, thereby attenuating acute post-
operative neuroinflammation. This, in turn, could pre-
vent long-term cognitive decline, highlighting the critical
role of preoperative interventions in safeguarding cogni-
tive health among aged surgical patients. Elderly patients
often face compounded stressors before surgery, and
implementing strategies such as counseling, informa-
tion provision, and relaxation techniques can effectively
mitigate this burden. Furthermore, given the variability
in stress-coping abilities among the elderly [18, 19], it is
crucial to develop accurate methods to assess and opti-
mize preoperative stress. Future research should pri-
oritize clinical trials to validate these findings in humans
and explore practical interventions for stress manage-
ment. Such efforts could enhance postoperative recovery
and cognitive health, ultimately improving the quality of
life for elderly surgical patients.

Limitations

This study has several limitations. First, the use of rats
may not fully replicate human physiology due to spe-
cies differences. Additionally, the stress model employed
may not capture the full complexity of preoperative stress
experienced by humans. The study focused exclusively
on memory and attention, leaving other POD symptoms,
such as agitation and altered sleep-wake cycles, unad-
dressed. Furthermore, the use of only male rats limits the
generalizability of the findings to both sexes. While this
approach aligns with previous studies to ensure consis-
tency and comparability, it may have overlooked poten-
tial sex differences. The study also measured TNF-a
and IL-1pB as key pro-inflammatory markers but did not
investigate other cytokines that could play significant
roles in neuroinflammation and cognitive impairments.
Lastly, environmental factors and the reliance on a sin-
gle surgical model may affect the generalizability of the
results. Despite these limitations, the study highlights a
potential link between preoperative stress and cognitive
decline, underscoring the need for further research to
translate these findings into clinical practice.

Abbreviations

POD Postoperative Delirium

PRS Preoperative Restraint Stress
IL-1B Interleukin-10

TNF-a Tumor Necrosis Factor-a
mPFC Medial Prefrontal Cortex
LPS Lipopolysaccharide

ELISA Enzyme-Linked Immunosorbent Assay
SD Standard Deviation

ANOVA  Analysis of Variance

(@) Conditioned Stimulus

us Unconditioned Stimulus



Nakagoshi et al. BMC Research Notes (2024) 17:369

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/513104-024-07023-z.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3
Supplementary Material 4
Supplementary Material 5
Supplementary Material 6
Supplementary Material 7
Supplementary Material 8
Supplementary Material 9

Supplementary Material 10

Supplementary Material 11

Acknowledgements
Not applicable.

Author contributions

N.N. conducted the investigation, curated and analyzed the data, wrote the
main manuscript, and prepared all figures and additional files. F.L. contributed
to the investigation, data curation, and analysis. S.H. contributed to the
investigation, data curation, and analysis. S.K. contributed to the investigation,
data curation, and analysis. TK. conducted the investigation, curated and
analyzed the data, reviewed and edited the main manuscript, and secured
funding.

Funding

This study was partially supported by the Grant-in-Aid for Scientific Research
(B, 18H02898 Takashi Kawano) from the Japan Society for the Promotion of
Science (Tokyo, Japan).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The study adhered strictly to the National Institutes of Health Guide for
the Care and Use of Laboratory Animals and received approval from the
Institutional Animal Care and Use Committee of Kochi Medical School
(Approval No. P-00076).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Consent to participate
Not applicable.

Received: 18 August 2024 / Accepted: 2 December 2024

Page 7 of 7

Published online: 19 December 2024

References

1. JinZ, HuJ, Ma D. Postoperative delirium: perioperative assessment, risk
reduction, and management. Br J Anaesth. 2020;125:492-504.

2. Sprung J, Roberts RO, Weingarten TN, Nunes Cavalcante A, Knopman DS,
Petersen RC, Hanson AC, Schroeder DR, Warner DO. Postoperative delirium
in elderly patients is associated with subsequent cognitive impairment. Br J
Anaesth. 2017;119:316-23.

3. Goldberg TE, Chen C,Wang Y, Jung E, Swanson A, Ing C, Garcia PS, Whitting-
ton RA, Moitra V. Association of delirium with long-term cognitive decline: a
meta-analysis. JAMA Neurol. 2020;77:1373-81.

4. YangT, Velagapudi R, Terrando N. Neuroinflammation after surgery: from
mechanisms to therapeutic targets. Nat Immunol. 2020;21:1319-26.

5. Aldecoa C, Bettelli G, Bilotta F, Sanders RD, Aceto P, Audisio R, Cherubini A,
Cunningham C, Dabrowski W, Forookhi A, Gitti N, Immonen K, Kehlet H, Koch
S, Kotfis K, Latronico N, MacLullich AMJ, Mevorach L, Mueller A, Neuner B, Piva
S, Radtke F, Blaser AR, Renzi S, Romagnoli S, Schubert M, Slooter AJC, Tom-
masino C, Vasiljewa L, Weiss B, Yuerek F, Spies CD. Update of the European
Society of Anaesthesiology and Intensive Care Medicine evidence-based and
consensus-based guideline on postoperative delirium in adult patients. Eur J
Anaesthesiol. 2024:41:81-108.

6. Frank MG, Fonken LK, Watkins LR, Maier SF, Microglia. Neuroimmune-sensors
of stress. Semin Cell Dev Biol. 2019;94:176-85.

7. Calcia MA, Bonsall DR, Bloomfield PS, Selvaraj S, Barichello T, Howes OD.
Stress and neuroinflammation: a systematic review of the effects of stress
on microglia and the implications for mental illness. Psychopharmacology.
2016;233:1637-50.

8. KawanoT, Yamanaka D, Aoyama B, Tateiwa H, Shigematsu-Locatelli M, Nish-
igaki A, lwata H, Locatelli FM, Yokoyama M. Involvement of acute neuroin-
flammation in postoperative delirium-like cognitive deficits in rats. J Anesth.
2018;32:506-17.

9. Lynch MA. Age-related neuroinflammatory changes negatively impact on
neuronal function. Front Aging Neurosci. 2010;1:6.

10. Leal MC, Casabona JC, Puntel M, Pitossi FJ. Interleukin-1f3 and tumor necrosis
factor-a: reliable targets for protective therapies in Parkinson’s Disease? Front
Cell Neurosci. 2013;7:53.

11. Norden DM, Muccigrosso MM, Godbout JP. Microglial priming and enhanced
reactivity to secondary insult in aging, and traumatic CNS injury, and neuro-
degenerative disease. Neuropharmacology. 2015;96:29-41.

12. Neher JJ, Cunningham C. Priming Microglia for Innate Immune memory in
the brain. Trends Immunol. 2019;40:358-74.

13. Brahadeeswaran S, Sivagurunathan N, Calivarathan L. Inflammasome Signal-
ing in the aging brain and age-related neurodegenerative diseases. Mol
Neurobiol. 2022;59:2288-304.

14.  Luo EY, Sugimura RR. Taming microglia: the promise of engineered microglia
in treating neurological diseases. J Neuroinflammation. 2024;21:19.

15.  Glavin GB, Paré WP, Sandbak T, Bakke HK, Murison R. Restraint stress in bio-
medical research: an update. Neurosci Biobehav Rev. 1994;18:223-49.

16.  Atrooz F, Alkadhi KA, Salim S. Understanding stress: insights from rodent
models. Curr Res Neurobiol. 2021,2:100013.

17. Afridi R, Suk K. Microglial responses to stress-Induced Depression: causes and
consequences. Cells. 2023;12:1521.

18.  Aldwin CM. Does age affect the stress and coping process? Implications of
age differences in perceived control. J Gerontol. 1991;46:P174-80.

19. Majnari¢ LT, Bosni¢ Z, Guljas S, Vuci¢ D, Kurevija T, Volari¢ M, Martinovic |,
Wittlinger T. Low psychological resilience in older individuals: an Association
with increased inflammation, oxidative stress and the Presence of Chronic
Medical conditions. Int J Mol Sci. 2021;22:8970.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s13104-024-07023-z
https://doi.org/10.1186/s13104-024-07023-z

	﻿The impact of preoperative stress on age-related cognitive dysfunction after abdominal surgery: a study using a rat model
	﻿Abstract
	﻿Introduction
	﻿﻿Methods
	﻿Animals and experimental design
	﻿Preoperative restraint stress procedure
	﻿Anesthesia and surgery
	﻿Trace fear conditioning task and tissue collection
	﻿Statistical analysis

	﻿Results
	﻿Baseline behavioral and physiological assessments
	﻿Memory retention tests two days after surgery
	﻿Memory retention tests twenty-eight days after surgery
	﻿Brain cytokine levels after trace fear conditioning
	﻿Microglial immune reactivity

	﻿Discussion
	﻿Limitations

	﻿References


