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Abdominal surgery prior to chronic 
psychosocial stress promotes 
spleen cell (re)activity and 
glucocorticoid resistance
Sandra foertsch, Dominik Langgartner & Stefan o. Reber  *

There is convincing evidence from different mouse models that chronic psychosocial stress promotes 
splenomegaly, basal and lipopolysaccharide (LpS)-induced in vitro splenocyte activation and 
insensitivity towards glucocorticoids (Gc) in in vitro LpS-treated splenocytes. However, we just recently 
showed, employing the chronic subordinate colony housing (cSc) paradigm, that bite wounds received 
during stressor exposure drive these stress-induced spleen changes. As skin wounds induced by planned 
surgery or physical trauma are more adequately reflecting what chronically stressed humans are likely 
to experience, it was the objective of the present study to investigate whether abdominal surgery prior 
to stressor exposure also promotes respective stress-induced spleen effects in the absence of any bite 
wounds. in line with our hypothesis, abdominal surgery prior to cSc induced splenomegaly, increased in 
vitro cell viability under basal and LpS conditions as well as the delta response to LpS (LpS – basal), and 
promoted the inability of isolated splenocytes to respond with a decreased cell viability to increasing 
concentrations of corticosterone following LpS-stimulation in vitro. together with previous data, 
these findings demonstrate that physical injury, either in form of received bite wounds during stressor 
exposure or in form of abdominal surgery prior to stressor exposure, promotes the development of 
splenic immune activation and Gc resistance.

In our previous study, we identified bite wounds to be a critical factor in the development of splenomegaly and 
splenic glucocorticoid (GC) insensitivity, as well as to facilitate spleen cell activation following exposure to the 
chronic subordinate colony housing (CSC) paradigm1. The latter is a pre-clinically validated mouse model for 
social stress-induced posttraumatic stress disorder (PTSD)2–4. Moreover, it reliably promotes local and systemic 
immune activation, accompanied by increased general and social anxiety and a variety of somatic comorbidi-
ties2,5–7. The development of bite wound-dependent splenomegaly, despite a comparable number of splenocytes 
between single-housed control (SHC) and CSC mice, was likely due to an altered composition of splenocytes. This 
was indicated by an increase in larger CD11b+ cells and a decrease in smaller CD3+/CD4+ T- and CD19+ B-cells8. 
The dependence of in vitro splenic GC insensitivity on the occurrence of bite wounds was indicated by the inabil-
ity of in vitro lipopolysaccharide (LPS)-stimulated CD11b+ splenocytes, but not splenocytes depleted of CD11b+ 
cells, to respond to the immunosuppressive actions of corticosterone (CORT), the main effector molecule of the 
hypothalamus-pituitary-adrenal (HPA) axis in rodents1,2. Increased spleen cell activation following CSC expo-
sure was indexed by an increased in vitro cell viability of isolated splenocytes from CSC vs. SHC mice, both in 
the presence and absence of LPS1. The latter effects were more pronounced in isolated CD11b+ splenocytes, but 
also detectable in CD11b− spleen cells. Therefore we concluded, that the enhanced spleen cell (re)activity follow-
ing CSC is not critically dependent on, but facilitated by, bite wound-induced immigration of activated and GC 
resistant CD11b+ cells into the spleen1. Notably, detailed behavioral analyses during CSC exposure revealed a 
positive correlation between re-active coping behavior and the severity of bite wounds. In turn, the assessed bite 
score highly correlated with the dimension of splenic GC resistance, as well as with basal and LPS-induced in vitro  
splenocyte viability1. Importantly, social stress-induced splenomegaly, spleen cell activation and splenic GC 
insensitivity are not CSC paradigm-specific phenomena, as they have been also reported following other social 
stress paradigms, like for example in rodents exposed to the social disruption paradigm (SDR)9–13.
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Thus, considering the currently available literature, previous studies of our group and from others propose that 
any type of psychological stressor is able to promote proliferation and emigration of CD11b+ myeloid cells via 
sympathetic signaling locally in the bone marrow5,14–16. If the stressor is of social nature allowing direct physical 
interaction between the individuals, these circulating CD11b+ cells in a bite wound-dependent manner accumu-
late in the spleen of socially defeated rodents1,16,17. The latter is accompanied by increased susceptibility to endo-
toxic shock18, which is at least in part due to increased splenic expression of toll-like receptors (TLR)2 and 419,  
basal and/or LPS-induced in vitro cell viability1,10,12 and production of interleukin (IL)-6, IL-1β and tumor necro-
sis factor (TNF)-α18,20,21, as well as development of GC resistance1,2,10,12,13,16.

As skin wounds induced by planned surgery or physical trauma are more adequately reflecting what 
chronically-stressed humans are likely to experience, it was the objective of the present study to investigate 
whether abdominal surgery prior to stressor exposure also promotes stress-induced splenomegaly, spleen cell 
activation and development of splenic GC resistance in the absence of any bite wounds.

Methods and Materials
Animals. All mice used in this study were purchased from Charles River (Sulzfeld, Germany). Male 
C57BL/6 N mice, weighing 17–21 g, were used as experimental mice and male CD-1 mice, weighing 30–35 g, 
were used as dominant resident mice. Standard laboratory conditions (12 h light/12 h dark cycle, lights on at 07:00 
am, 22 °C, 60% humidity) were applied to all mice as well as free access to tap water and standard mouse diet. All 
animal experiments performed for this study were in compliance with international regulations for the care and 
use of laboratory animals (ARRIVE guidelines and EU Directive 2010/63/EU for animal experiments) with the 
approval of the Local Ethical Committee (No. 1216, Regierungspräsidium Tübingen, Germany).

experimental procedure. All male C57BL/6 N mice were either single-housed for control or chronically 
stressed by 19-day exposure to the CSC paradigm (Fig. 1). One set of SHC (n = 11) and CSC (n = 10) mice was 
kept singly for two weeks after delivery (day -13) from the supplier until the onset of the SHC and CSC proce-
dure (day 1). The here presented spleen data of this set of mice was also considered in the data pool published 
recently1, where we pooled various different CSC experiments conducted during the last 5 years to obtain a large 
n number for correlational analyses. Another set of SHC (SHCas; n = 8) and CSC (CSCas; n = 7) mice was kept 
singly for two weeks after delivery (day -13) from the supplier before the start of the SHC and CSC procedure 
(day 1), but underwent abdominal surgery for G2 HR E-mitter (Starr Life Sciences Corp., Oakmont, PA; USA) 
implantation on day -6. The physiological parameters (i.e. body -, relative adrenal-, and relative thymus weight) 
of this set of mice, but not the data presented in the current manuscript, have already been published recently22. 
Euthanization of all experimental mice occurred in the morning of day 20 followed by the assessment of spleen 
parameters. Due to the limited number of E-mitters available, the indicated group numbers of all experimental 
groups were generated in three subsequent experiments.

chronic subordinate colony housing (cSc) paradigm. The CSC paradigm was performed as previ-
ously described2,3,16,22–24 with minor modifications. Briefly, all mice were housed individually for two  weeks after 
delivery from the supplier. Abdominal surgery was performed one week prior to the start of the CSC paradigm. 
In the morning of day 1 of the CSC paradigm, experimental CSC mice were introduced into the home cage of 
a dominant male CD-1 resident and kept under chronic subordination for 19 consecutive days. Habituation to 
the dominant aggressor mouse was avoided by introducing the four CSC mice into the home cage of a novel, 
unfamiliar CD-1 resident in the morning of days 8 and 15. SHC mice were kept undisturbed in their home cages 
for 19 consecutive days, except for the change of bedding once a week. Our own previous data indicate that single 
housing, but not group housing, represents the most appropriate control group for the CSC paradigm25.

Figure 1. Schematic representation of the experimental timeline. Following arrival at day −13, all mice were 
housed individually for at least one week. Abdominal surgery was performed at day −6, one week prior to the 
start of the chronic subordinate colony housing (CSC) paradigm in one set of CSC and single-housed control 
(SHC) mice (SHCas; CSCas). On day 1 of the CSC paradigm, experimental CSC mice were housed together 
with a dominant male CD-1 mouse for 19 consecutive days to induce chronic psychosocial traumatization. To 
avoid habituation, CSC mice were introduced into the home cage of a novel aggressor mouse on days 8 and 15. 
Except for a weekly change of bedding, SHC mice remained undisturbed in their home cages for 19 consecutive 
days. All experimental mice were euthanized in the morning of day 20.
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Abdominal surgery: e-mitter implantation. The G2 HR E-mitters (Starr Life Sciences Corp., Oakmont, 
PA; USA) were implanted into the abdominal cavity of SHCas and CSCas mice as previously described22.

Assessment of dermal and subdermal bite wound severity. The severity of bite wounds on the body 
as well as on the skin was assessed as previously described1. Briefly, the skin (with fur attached) of CSC and CSCas 
mice was removed from the body following decapitation. Pictures depicting both, the derma and subderma of 
each mouse were taken. A standardized grid with 4 ×5 squares (each square 180 ×240 pixels) was digitally 
placed on the skin and the body, respectively. The quality and quantity of received bite wounds was scored by an 
experienced  observer blind to treatment according to a recently developed score, considering both the area and 
intensity of wounds on the skin (dermal) and the body (subdermal)1. The total bite score represents the added 
score of the dermal and subdermal score of each mouse and possible scores range from 0 to 300.

Determination of spleen weight. Following CO2 anesthesia and immediate decapitation in the morning 
of day 20, spleens were removed and pruned of surrounding fat, followed by weighing and storage in ice-cold 
Hanks´ balanced salt solution (HBSS) until splenocyte isolation.

In vitro splenocyte Gc sensitivity assay. Following euthanization of all mice of the respective exper-
iment, splenocytes were isolated from the spleen of each mouse as previously described1,2. Briefly, following 
homogenization of the spleens, erythrocytes were removed from the single-cell suspension by 2-min incubation 
with lysis buffer (155 mM NH4Cl, 10 mM KHCO3, 10 mM EDTA). The lysis was stopped by addition of HBSS con-
taining 10% of heat-inactivated fetal calf serum (FCS). Afterwards, the cell suspension was again passed through 
a 70 µm nylon cell strainer and washed, followed by assessment of the number of isolated splenocytes by use of 
a cell counter (TC-20, Bio-Rad Laboratories, Munich, Germany). Then, adjustment of the cell concentrations to 
5 × 106 cells/ml was performed in RPMI containing 10% FCS, 50 U/ml penicillin and 50 µg/ml streptomycin. 
Stimulation of the isolated splenocytes occurred with LPS (Escherichia coli O111:B4; final concentration: 1 µg/
ml; Sigma-Aldrich, Deisenhofen, Germany) or splenocytes remained untreated for the assessment of basal in vitro 
activity. GC sensitivity of isolated splenocytes derived from SHC and CSC mice was determined by treatment of 
unstimulated as well as LPS-stimulated cells with different CORT (Sigma-Aldrich, Deisenhofen, Germany) con-
centrations (final concentrations: 0, 0.005, 0.05, 0.1, 0.5 and 5 µM respectively) diluted in 95% ethanol. Stimulation 
of 2.5 × 105 cells/well was performed in flat-bottom 96-well plates (final volume 100 µl/well) and were incubated 
for 48 h (37 °C, 5% CO2). Afterwards, cell viability was measured by use of a commercially available colorimetric 
assay (CellTiter 96 Aqueous One Solution Assay, Promega, Madison, WI) and the absorbance (optical density 
(OD)) of each well was measured at 450 nm using an enzyme-linked immunosorbent assay (ELISA) plate reader 
(Fluostar Optima, BMG Labtech, Offenburg, Germany). The delta cell viability was calculated by subtracting the 
OD of unstimulated cells for a given CORT concentration from the corresponding LPS-stimulated well.

Statistics. Statistical comparison was performed by use of the software package IBM SPSS statistics (version 
25.0). Normal distribution of all groups per data set was calculated by employing Kolmogorov-Smirnov test using 
Lilliefors‘ correction. In the case that more than 75% of groups per data set were identified to be normally distrib-
uted, Grubbs test was performed to identify outliers, which were then excluded from further statistical analyses. 
Normally distributed data sets were further analysed using parametric statistics, i.e. parametric Student’s t-test 
(one factor, two independent samples), one-way analysis of variance (ANOVA; one factor, two or more independ-
ent samples), two-way ANOVA (two factors, two or more independent samples), linear mixed models (LMM; 
two factors, two or more dependent samples). For tests considering more than two samples, a significant main 
effect was followed by post-hoc analysis using Bonferroni pairwise comparison. Non-parametric statistics was 
applied for non-normally distributed data sets, i.e. Mann-Whitney-U-test (one factor, two independent samples), 
Kruskal Wallis test (one factor, two or more independent samples), Friedman ANOVA (one factor, more than 
two dependent samples). Normally distributed data are presented as bars (mean + SEM) with corresponding dot 
plots. Non-normally distributed data are presented as box plots. Solid line represents the median, dashed line 
represents the mean for each data set. Lower box indicates 25th

, upper box indicates 75th percentile. If n > 8 per 
group, 10th(lower error bar), and 90th percentile (upper error bar) as well as possible outliers beyond the percen-
tiles (indicated by closed circles) are shown. The level of significance was set at P ≤ 0.05.

Results
Abdominal surgery prior to stressor exposure is critical for cSc-induced splenomegaly. Although  
there was no statistically significant difference in the bite score between CSC and CSCas mice (Fig. 2A), absolute 
(Fig. 2B, Table 1) and relative (Fig. 2C, Table 1) spleen weight was significantly increased in CSCas mice compared 
with both SHCas and CSC mice. Total number of splenocytes per animal was not affected (Fig. 2D).

Gc insensitivity following psychosocial stress depends on surgery prior to stressor exposure.  
Statistical analysis of the cell viability of isolated splenocytes cultured in vitro under basal or LPS-stimulated con-
ditions for 48 h (Fig. 3A, Table 1) revealed that basal spleen cell viability in CSCas mice was significantly higher 
compared to both SHCas and CSC mice. As expected, LPS stimulation increased spleen cell viability compared to 
the respective basal conditions in all groups assessed. Moreover, LPS-induced spleen cell viability in CSCas mice 
was significantly higher than in both SHCas mice and CSC mice. Delta cell viability (LPS minus basal; Fig. 3B, 
Table 1) was also  significantly increased in CSCas compared to both SHCas and CSC splenocytes.

In the absence of LPS, relative basal cell viability was sensitive to the immunosuppressive effects of CORT, 
independent of abdominal surgery and CSC exposure (Fig. 4A,B). This was indicated by a significantly decreased 
relative cell viability at 0.5 and 5 µM CORT compared to respective 0 µM CORT in SHC and CSC mice (Fig. 4A, 
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Table 1) as well as in SHCas and CSCas (Fig. 4B, Table 1). Relative cell viability of CSCas vs. SHCas splenocytes 
was further decreased at 0.1 µM CORT.

In line with respective basal findings, relative delta cell viability (LPS minus basal; 0 µM CORT set to 100%) 
in splenocytes from mice that did not undergo abdominal surgery prior to the CSC or SHC (Fig. 4C, Table 1) 
also was significantly decreased in SHC and CSC mice at 0.1, 0.5 and 5 µM CORT when compared to the respec-
tive 0 µM CORT condition. Separate MWU testing revealed a significantly higher relative delta cell viability in 
splenocytes isolated from CSC compared to SHC mice at 0.1 µM CORT. Interestingly, while relative delta cell 
viability was also significantly dependent on factor CORT in both SHCas and CSCas mice (Fig. 4D, Table 1), this 
parameter was significantly reduced at 0.1, 0.5 and 5 µM CORT compared to respective 0 µM CORT only in the 
SHCas, but not CSCas mice. Moreover, a significantly higher relative cell viability was found in CSCas vs. SHCas 
splenocytes at 0.05, 0.1, 0.5 and 5 µM CORT conditions, indicating the development of GC insensitivity exclu-
sively in splenocytes from CSCas mice.

Discussion
In the present study, we confirm previous findings1 by showing that exposure to 19 days of CSC does not affect 
spleen size, splenocyte (re)activity and spleen cell sensitivity to CORT, when significant wounding during stressor 
exposure is absent. We further extend these findings by showing that abdominal surgery prior to CSC exposure, 
in line with what we recently reported for bite wounds during CSC exposure1, promotes splenomegaly, basal and 

Figure 2. Abdominal surgery prior to CSC is critically required for development of CSC-induced 
splenomegaly. (A) Bite score of mice exposed to 19 days of chronic subordinate colony housing (CSC) either 
without (no surgery; CSC; n = 10) or with abdominal surgery (surgery; CSCas; n = 7) one week prior to the 
start of the stress protocol. (B,C), Absolute (B) and relative (C) spleen weight of CSC and CSCas mice as well of 
their respective single-housed control (SHC) mice (SHC: n = 11; SHCas: n = 8). (D), Number of splenocytes per 
mouse in all experimental groups. Data sets are presented as bar graphs (mean + SEM) with corresponding dot 
plots. ***P < 0.001 vs. respective SHC. $$$P ≤ 0.001 vs. respective no surgery group.

Figure 3. Abdominal surgery prior to CSC exposure is critically required for CSC-induced enhancement 
of splenic immune (re)activity. (A) Cell viability of isolated spleen cells under unstimulated (basal) or 
lipopolysaccharide (LPS)-stimulated conditions from mice exposed to 19 days of chronic subordinate colony 
housing (CSC) and single-housed controls (SHC) that did (SHCas, n = 8; CSCas, n = 7) or did not (SHC, 
n = 11; CSC, n = 10) undergo abdominal surgery one week prior to start of the stress protocol. (B), Delta cell 
viability (LPS minus basal) of isolated spleen cells from all experimental groups. Data sets are presented as bar 
graphs (mean + SEM) with corresponding dot plots. *P < 0.05, **P < 0.01, ***P < 0.001 vs. respective SHC. 
###P ≤ 0.001 vs. respective basal condition. $$ P < 0.01, $$$P ≤ 0.001 vs. respective no surgery group.
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LPS-induced in vitro splenocyte activation and insensitivity towards GC in in vitro LPS-treated splenocytes. GC 
insensitivity is indicated by the inability of isolated and in vitro LPS stimulated splenocytes to respond to the immu-
nosuppressive effects of CORT with a decrease in cell viability. Interestingly, the inability of isolated splenocytes 
from operated CSCas mice to respond to the inhibitory effects of GC was only detectable in the presence, but not in 
the absence, of LPS, which holds also true for splenic GC resistance as a consequence of bite wounds during CSC1.

We and others have repeatedly shown in mice that chronic psychosocial stressors promote development of 
GC insensitivity of isolated and in vitro LPS-stimulated splenocytes, accompanied by splenomegaly and splenic 
immune activation2,9,10,16,26. However, just recently we identified bite wounds as critical factor in the development 
of social stress-induced splenomegaly and splenic GC insensitivity, as well as facilitating factor in terms of social 
stress-induced spleen cell activation1. In the present study we provide now first evidence that also wounding 
induced by abdominal surgery one week prior to stressor exposure is able to promote CSC-induced splenomeg-
aly, spleen cell activation and splenic GC insensitivity. As the latter is accompanied by increased susceptibility 
to endotoxic shock in mice18, this data from a translational point of view suggests that planned (i.e. surgery) or 
unplanned (i.e. physical trauma, injury, emergency surgery) wounding in combination with chronic stress repre-
sents a potential risk factors for surgical complications related to an overshooting immune response.

Mice exposed to 19 days of CSC without prior surgery had an average bite score of 14 out of possible 300, indi-
cating that the severity of bite wounds in this group was relatively low. For comparison, CSC mice that develop 
moderate to severe splenomegaly, basal and LPS-induced in vitro splenocyte activation and insensitivity towards 
GC in in vitro LPS-treated splenocytes scored between 20 and 100 on our novel bite score scale1. Consequently, 
CSC mice in the present study did not develop an increase in spleen weight. In line with these and previous1 
findings, the in vitro cell viability of isolated splenocytes from CSC mice was comparable to respective SHC 
mice under both basal and LPS-stimulated conditions, as was their delta response to LPS (LPS – basal), all in 
the absence of CORT. Isolated and in vitro LPS-stimulated splenocytes of CSC mice that did not undergo sur-
gery before did further not develop any signs of GC insensitivity, which again is what we would have predicted1. 
Strikingly, CSCas mice, which underwent abdominal surgery one week prior to the start of the stress protocol, 
developed a pronounced splenomegaly when compared to both SHCas and CSC mice, although the total num-
ber of splenocytes did not differ from any of the other groups. The latter is again in line with previous findings 
showing splenomegaly despite an unaffected overall spleen cell count in bitten CSC mice1. Previous studies using 

Figure 4. CSC-induced splenic GC insensitivity critically depends on abdominal surgery prior to CSC and 
presence of LPS during in vitro stimulation. (A,B), Relative basal cell viability of isolated spleen cells (0 µM 
corticosterone (CORT) set to 100%) in response to increasing (0–5 µM) concentrations of CORT. Splenocytes 
were isolated from mice exposed to 19 days of chronic subordinate colony housing (CSC) or single housing 
(SHC) that either did (SHCas, n = 8; CSCas, n = 7; (B)) or did not (SHC, n = 11; CSC, n = 10; (A)) undergo 
abdominal surgery one week prior to the start of the stress protocol. (C,D), Relative delta (LPS minus basal) cell 
viability of isolated spleen cells (0 µM CORT set to 100%) from SHC and CSC (C) as well as SHCas and CSCas 
(D) mice in response to increasing (0–5 µM) CORT concentrations. Data sets are presented as box plots. Solid 
line represents the median, dashed line represents the mean for each data set. Lower box indicates 25th, upper 
box indicates 75th percentile. If n > 8 per group, 10th (lower error bar), and 90th percentile (upper error bar) are 
shown. *P < 0.05, **P < 0.01, ***P < 0.001 vs. respective SHC. #P < 0.05, ##P < 0.01, ###P < 0.001 vs. respective 
0 µM CORT condition.
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fluorescence-activated cell sorting (FACS) further revealed that the unaffected splenic cell counts were accom-
panied by reduced numbers of smaller CD19+ and CD3+, but increased numbers of larger CD11b+ cells1,7,27. 
Although we did not analyze splenic cell composition in the present study, previous own work1 and studies using 
the SDR model13 demonstrating that splenic GC insensitivity is mediated exclusively by CD11b+ cells, support 
the hypothesis that splenomegaly seen in the CSCas group might also be due to increased numbers of CD11b+ 
splenocytes. However, whether the latter are also main mediators in the development of splenomegaly and splenic 
in vitro GC insensitivity in CSCas mice needs to be addressed in future studies. Accordingly, only splenocytes 
isolated from GC insensitive CSCas mice did not respond with a decreased delta cell viability (LPS minus basal, 
0 CORT set to 100%) when in vitro LPS-stimulated and treated with increasing CORT concentrations. Moreover, 

Statistical Effects for Figure 2

B) Absolute spleen weight

Factor stress x surgery F1, 31 = 33.158, P ≤ 0.001

Post hoc
CSCas vs. SHCas P ≤ 0.001

CSCas vs. CSC P ≤ 0.001

C) Relative spleen weight

Factor stress x surgery F1, 31 = 42.853, P ≤ 0.001

Post hoc
CSCas vs. SHCas P ≤ 0.001

CSCas vs. CSC P ≤ 0.001

Statistical Effects for Figure 3

A) Cell viability

Factor stress F1, 30.212 = 6.734, P = 0.014

Post hoc
basal: CSCas vs. SHCas P = 0.006

LPS: CSCas vs. SHCas P ≤ 0.001

Factor surgery F1, 30.212 = 8.796, P = 0.006

Post hoc
basal: CSCas vs. CSC P = 0.003

LPS: CSCas vs. CSC P ≤ 0.001

Factor stimulus F1, 29.398 = 586.290, P ≤ 0.001

Post hoc All groups basal vs. LPS P ≤ 0.001

B) Delta cell viability

Factor stress F1, 32 = 4.921, P = 0.034

Post hoc CSCas vs. SHCas P = 0.014

Factor surgery F1, 32 = 7.812, P = 0.009

Post hoc CSCas vs. CSC P = 0.004

Statistical Effects for Figure 4

A) Relative basal cell viability

Factor CORT
SHC: Χ2(5, 11) = 48.610, P ≤ 0.001

CSC: Χ2(5, 10) = 44.514, P ≤ 0.001

Post hoc
Both: 0.5 vs. 0 CORT P ≤ 0.001

Both: 5 vs. 0 CORT P ≤ 0.001

B) Relative basal cell viability

Factor CORT
SHCas: Χ2(5, 8) = 31.357, P ≤ 0.001

CSCas: Χ2(5, 7) = 33.204, P ≤ 0.001

Post hoc

SHCas: 0.5 vs. 0 CORT P = 0.020

SHCas: 5 vs. 0 CORT P = 0.008

CSCas: 0.5 vs. 0 CORT P = 0.003

CSCas: 5 vs. 0 CORT P ≤ 0.001

Separate MWU 0.1 µM CORT CSCas vs. SHCas P = 0.004

C) relative delta cell viability

Factor CORT
SHC: Χ2(5, 11) = 49.078, P ≤ 0.001

CSC: Χ2(5, 10) = 43.486, P ≤ 0.001

Post hoc

SHC: 0.1 vs. 0 CORT P = 0.002

CSC: 0.1 vs. 0 CORT P = 0.008

Both: 0.5 vs. 0 CORT P ≤ 0.001

Both: 5 vs. 0 CORT P ≤ 0.001

Separate MWU 0.1 µM CORT CSC vs. SHC P = 0.036

D) relative delta cell viability

Factor CORT
SHCas: Χ2(5, 8) = 31.429, P ≤ 0.001

CSCas: Χ2(5, 7) = 12.714, P=0.026

Post hoc

SHCas: 0.1 vs. 0 CORT P ≤ 0.001

SHCas: 0.5 vs. 0 CORT P = 0.002

SHCas: 5 vs. 0 CORT P = 0.003

Separate MWU

0.05 µM CORT CSCas vs. SHCas P = 0.002

0.1 µM CORT CSCas vs. SHCas P ≤ 0.001

0.5 µM CORT CSCas vs. SHCas P ≤ 0.001

5 µM CORT CSCas vs. SHCas P = 0.002

Table 1. Relevant Statistical Effects.
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the fact that in the absence of CORT an exaggerated cell viability under both basal and LPS-stimulated conditions, 
as well as an increased delta cell viability (LPS minus basal) was only detected in CSCas mice, further argues for 
an increased presence of CD11b+ splenocytes in this experimental group. Although it was demonstrated in a pre-
vious study that a mild stress-induced increase in (re)activity was also found in CD11b+ cell-depleted splenocytes 
isolated from CSC mice, main effects on this parameter were mediated by the CD11b+ fraction1. Further evidence 
for the conclusion that spleen changes seen in CSCas mice with prior abdominal surgery and non-operated CSC 
mice receiving bite wounds during stressor exposure1 share the same underlying mechanisms is provided by the 
fact that in both experimental groups splenic in vitro GC insensitivity can only be detected in the presence of LPS. 
The fact that this also holds true for in vitro splenic GC insensitivity following exposure to the SDR paradigm10 
even argues for a general and stress paradigm independent phenomenon that occurs when chronic stress is com-
bined with any kind of planned or unplanned wounding.

Taken together, the results of the present study demonstrate that physical injury induced by abdominal sur-
gery prior to chronic stressor exposure in male mice is able to promote stress-induced splenomegaly, spleen 
cell (re)activation and splenic GC insensitivity. Together with previous findings, our results further suggest that 
physical injury in general is critically required for chronic stress-induced spleen effects, but that the timing of 
physical injury in the context of chronic stress only plays a minor role. However, the underlying mechanisms still 
need to be elucidated. From a translational perspective, these findings set the stage for a number of clinical studies 
investigating in a first step whether surgical complications are cumulating in patients with a history of life stress 
or with increased fear of the diagnosis, planned intervention or its outcomes.
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