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When grief heats up: Pro-inflammatory cytokines predict regional brain activation
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Background: Pro-inflammatory cytokines are associated with sickness behaviors, a set of behaviors including
lowmood, which are orchestrated by the brain and described as shift in motivational state. The present study
investigated the hypothesis that local inflammation is associated with greater subgenual anterior cingulate
cortex (sACC) activation in persons undergoing chronic stress.
Methods: Women undergoing the emotional stress of bereavement had fMRI scans during a grief elicitation
task. Local inflammation was measured by salivary concentrations of two markers of pro-inflammatory
cytokine activity (e.g., interleukin-1β and soluble tumor necrosis factor receptor II).
Results: Analyses revealed that both inflammatory markers were positively associated with ventral prefrontal
activation (e.g., sACC and orbitofrontal cortex) as well as other regions important in the emotional task such
as noun retrieval (e.g., temporal cortex), and visual processing (e.g., cuneus and fusiform gyrus). In separate
analyses, the ventral prefrontal activations correlated with free recall of grief-related word stimuli, but not
neutral word stimuli.

Conclusions: This is the first study to demonstrate the relationship between emotional processing, regional
brain activation and localized inflammation in a chronically stressed population of adults.
© 2009 Elsevier Inc. All rights reserved.
Introduction

It has become increasingly clear that the symptoms associated
with inflammation (e.g., reduced appetite, social withdrawal) are part
of a full-body orchestration described as “sickness behavior”, which
together have overlapping features with depressive symptoms in
humans (Dantzer et al., 2008). This sickness behavior arises from a
change in motivational state that occurs when the brain receives
signals of peripheral inflammation, which yields “a re-organization of
perceptions and actions (Dantzer et al., 2008, p. 46)”. However, what
is not known is what brain regions in humans are responsible for this
change in motivational state associated with high levels of peripheral
inflammation.

To investigate the relationship between peripheral inflammation
and “sickness behavior”, attention has recently focused on the
influence of inflammation that is found within peripheral, localized
sites such as the mouth. Indeed, several types of evidence have
provided the background rationale for this relationship, including
experimental and naturalistic correlational studies. This literature can
be grouped into 1) the relationship between chronic stress and poor
oral health, 2) the relationship between acute and chronic stress and
pro-inflammatory cytokines in oral fluids (other than saliva).
O'Connor).
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First, gingival inflammation is correlated with depression (Klages
et al., 2005) and periodontal disease is increased in chronic stress
(e.g., exam stress and widow(er)hood) (Deinzer et al., 2005; Hugoson
et al., 2002). Marcenes and Sheiham (1992) showed that in 158
participants, marital quality and work demand were the best
predictors of periodontal disease in multiple linear regression
analysis, even after including a number of other predictors, such as
frequency of dental appointments and tooth brushing frequency.

Second, the localized expression of inflammatory markers in the
mouth (i.e., gingival crevicular fluid) occurs following acute, experi-
mental social stress (Deinzer et al., 2004; Weik et al., 2008). Localized
expression of inflammatory markers in crevicular fluid has also been
found in chronic stress (e.g., examination periods) and depression
(Johannsen et al., 2007; Waschul et al., 2003). These findings are
similar to the well-recognized impact of psychological stress on
cellular inflammatory signaling, activation of nuclear factor κB, and
expression of systemicmarkers of inflammation (Bierhaus et al., 2003;
Pace et al., 2006). The mouth is a critical aspect of immune
surveillance and response, as it is constantly in contact with bacterial,
viral and other airborne pollutants. The variation in inflammatory
response to these immune challenges is varied based upon the level of
concurrent stress.

The strongest evidence for the relationship between salivary
cytokines and sickness behavior symptoms in humans is from a
study comparing participants with periodontitis who were exposed
to war and those who were not (all from Croatia) (Aurer et al.,
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1999). Irritability, anxiety, and tiredness were symptoms associated
with the stress of war exposure. These are symptoms of sickness
behavior (Dantzer et al., 2008), and in this report there was
higher IL-6 in saliva in a group exposed to war stress (with
sickness behavior symptoms) in comparison to a group not exposed
to war.

Neural pathways involving the trigeminal nerve directly commu-
nicate local inflammation from the mouth to the brain (Navarro et al.,
2006). In rats, surgical transection of the trigeminal nerve abrogated
the pyrogenic effects of Escherichia coli lipopolysaccharide (E. coli LPS)
when doses were injected into periodontal tissues of the mouth. In
addition, immunohistochemistry demonstrated neuronal activation
where the trigeminal makes its first synapse in the brain. In humans, it
is not known whether peripheral, localized increases of inflammatory
markers in the mouth are associated with behavioral changes and/or
alterations in brain activation.

Given the association between psychological stress and increases
of inflammatory markers in the mouth, we investigated the
influence of bereavement, the most significantly rated life stressor
(Hobson et al., 1998), on localized levels of inflammation in saliva
and whether varying levels of markers of pro-inflammatory cytokine
activity are associated with brain activation during an emotion
paradigm. To our knowledge, no study has examined the relation-
ship between local inflammation (i.e., oral cavity) and brain
activation as measured by fMRI in humans. A few studies have
investigated the relationship between systemic inflammation and
regional brain activation (Brydon et al., 2008; Capuron et al., 2005;
Rocca et al., 2007). Because of our interest in the change in
motivational state associated with sickness behavior, emotion tasks
during neuroimaging are most relevant to the present study. A study
that has used an emotion paradigm demonstrated that increases of
the pro-inflammatory cytokine tumor necrosis factor-α (TNF-α)
correlated with activation of the subgenual anterior cingulate cortex
(sACC) (Rosenkranz et al., 2005). Rosenkranz et al. interpreted this
data as evidence that the sACC could integrate the afferent
information regarding homeostatic processes in the periphery such
as inflammation and emotion processing.

In addition to this data, we developed an a priori hypothesis for the
brain regions that would be correlated with local inflammation based
on the sickness behavior literature. Because the sickness behavior
evidence suggests that mood regulation is perturbed during higher
levels of inflammation, we hypothesized a priori that the brain regions
involved in mood regulation would be positively correlated with
higher levels of oral inflammation. Specifically, the ventral prefrontal
cortex (PFC) has been shown to be associated withmood regulation in
a number of types of neuroimaging (Drevets et al., 1997). The sACC is
frequently found to have higher metabolism in affective disorders (for
a review, see Drevets et al., 2008), and this region participates in a
network of structures that modulate neuroendocrine responses
during emotion processing (Drevets et al., 2002). For all of these
reasons, we hypothesized that the ventral PFC would be associated
with local inflammation.

Therefore, in the present study, we hypothesize that higher levels
of markers of pro-inflammatory cytokine activity, as measured by the
levels of the cytokine receptor soluble tumor necrosis factor receptor II
(sTNFrII) and interleukin-1β (IL-1β), are associated with activation of
the sACC in persons undergoing the chronic emotional stress of
bereavement. IL-1β and TNF-α were chosen because they are
implicated in sickness behavior (Dantzer et al., 2008). In contrast
with IL-1β, levels of TNF-α are not routinely detected in saliva; hence
levels of its cytokine receptor (i.e., sTNFrII), which correlate with
cytokine levels (Schuld et al., 1999), were measured. Whole saliva has
been used for the measurement of local pro-inflammatory cytokines
in the mouth, including IL-1β (Miller et al., 2006; Tobon-Arroyave et
al., 2008) and sTNFrII (Al-Harthi et al., 2000; Nishanian et al., 1998;
Winkler et al., 2001).
Methods and materials

Eighteen women who had experienced the death of a mother or a
sister to breast cancer in the past 5 years participated in an event-
related fMRI study. The Institutional Review Board at UCLA approved
the study and all participants gave written informed consent. All
participants were screened for mood disorders through a structured
clinical interview, and any with Axis I disorders (including major
depression) were excluded. Smoking and diseases of the immune
system (e.g., rheumatoid arthritis) were exclusion criteria, due to their
potential impact on pro-inflammatory cytokines, although the oral
health of the study participants was not systematically rated.
Participants' mean age was 44.3 years (range 25–60 years), average
education was 16.7 years (range 12–22 years) and average length of
time since the death was 30.0 months (range 2–59 months). The
sample was 22.2% non-white, and 16.7% had lost sisters (vs. mothers).

The fMRI task has previously been described (O'Connor et al.,
2008) and has been validated for grief elicitation through skin
conductance responses and subjective report (Gündel et al., 2003). A
summary of the method is listed here. Each participant provided a
photograph of her deceased loved one and was asked to describe how
their loved ones died in an open-ended format. The photos were
matched for age, sex, environment (indoor/outdoor) and type of
photo (snapshot/portrait) with photos of a stranger. In addition, 15
words were chosen from each participant's narrative that were
ideographically specific to the death (e.g., cancer, tumor, dying,
ambulance, morphine). These were matched for part of speech,
number of letters and frequency of usage in the English language with
15 neutral words (e.g., ginger, entry, simple, directory, footpath).
These photos and words were made into 60 composites, each
consisting of one picture (deceased or stranger) and one word
(grief-related or neutral). The composites were presented in random
order, for a total task time of 6 min and 10 s. Composites were shown
for 4.5 s, with a jittered interstimulus interval (minimum interval:
0.5 s, maximum interval: 10 s). Participants viewed the task through
MR-compatible video goggles during scanning. Participants were
instructed to allow any thoughts, feelings or memories to arise
naturally during the task.

MRI data were acquired on a Siemens Allegra 3 T scanner. For each
participant, a high-resolution structural T2-weighted echo-planar
image (spin-echo; TR=5000 ms; TE=33 ms; matrix size 128×128;
36 axial slices; FOV=20 cm; 3-mm thick, skip 1-mm) was acquired
coplanar with the functional scan. A functional scan, lasting 6 min and
10 s, was acquired (echo-planar T2⁎-weighted gradient-echo,
TR=2500 ms, TE=25 ms, flip angle=90, matrix size 64×64, 36
axial slices, FOV=20 cm; 3-mm thick, skip 1-mm).

Following the scan, participants provided a saliva sample with
Salivettes (Sarstedt, Inc., Newton, NC), which are comprised of a
cotton swab (without citric acid preparation) and tube. Participants
were instructed to keep the cotton swab in their mouth until it felt
full like a sponge, about 1 min. IL-1β was measured by using
Quantikine Human IL-1β enzyme immunoassay (ELISA) kit manu-
factured by R&D Systems (Minneapolis, MN). sTNFrII was measured
by using Quantikine Human sTNFrII enzyme immunoassay (ELISA) kit
manufactured by R&D Systems (Minneapolis, MN). The measurement
of IL-1β and sTNFrII was performed according to the manufacturer's
instructions. All samples were run in duplicate and averaged. The
saliva samples were diluted with diluents RD5-5 and tested. The
minimum detectable dose (MDD) of IL-1β was 1 pg/mL and the
interassay and intraassay coefficients of variation were less than or
equal to 4% and 7% respectively. The MDD of sTNFrII was 0.6 pg/mL
and the interassay and intraassay coefficients of variation were less
than or equal to 5%.

A manipulation check was conducted following scanning to
document that subjects were attending to the composites during
the scan. After participants exited the scanner and provided their



Fig. 1. A. Subgenual anterior cingulate (sACC) activity (−2, 26, −6; t=6.37, pb0.001
uncorrected, 10 voxels) in response to Grief-relatedNNeutral words in 18 bereaved
participants. B. Scatter plot of the positive correlation between IL-1β (−2, 26, −6) and
BOLD activity in the sACC.

Table 2
Brain region activation associated with IL-1β and sTNFrII pro-inflammatory markers
during grief elicitation (DeceasedNStranger contrast) (N=18).
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saliva sample, they were given an incidental memory task. Without
being instructed prior to the scan, they were asked to recall any words
that they could from the task in a free recall format. The number of
grief-related words and neutral words that were correctly recalled
were summed separately.

Data analysis

The imaging data were analyzed using statistical parametric
mapping (SPM'99; Wellcome Department of Cognitive Neurology,
Institute of Neurology, London, UK). Images were realigned, normal-
ized to the MNI template, and smoothed with an 8 mm Gaussian
kernel, full width at half maximum. Analysis used the general linear
model in an event-related analysis. Effects at each voxel were
estimated using linear contrasts to compare regionally specific effects.
The contrasts for the individual subjects were aggregated for group
analysis according to the random effect model in SPM. The data were
first analyzed for main effects and are reported by O'Connor et al.
(2008). The four composites were modeled as separate regressors
(deceased/grief word, stranger/grief word, deceased/neutral word,
stranger/neutral word). In the previous report, data were also
grouped by the diagnosis of Complicated Grief. However, because
the inflammatory markers were not significantly different between
the Complicated and Noncomplicated Grief (data not shown),
between-group analyses are not included in the present paper.

All non-MRI datawas analyzed in SPSS 16.0. IL-1β and sTNFrII were
log transformed since the distribution of raw values is typically
skewed. To assess covariation between individual differences in IL-1β
and neural activation, IL-1β values were entered in a second-level
analysis as a between-subject regression analysis (separately for
DeceasedNStranger and Grief wordNNeutral word contrasts). These
analyses were performed separately for sTNFrII. All analyses were
thresholded using an uncorrected p-value of 0.001 combined with a
cluster size threshold of 10 voxels. All coordinates are reported in MNI
format.

Results

Pro-inflammatory cytokine results

Results from the ELISA analysis showed that participants had a raw
IL-Iβ level of 198.2 pg/mLwith a standard deviation (SD) of 264.2. The
ELISA for sTNFrII had a mean of 251.3 pg/mL and SD of 271.2 (Table 3).

Neuroimaging results

The main effects of the study replicate prior grief neuroimaging
results (Gündel et al., 2003) and are reported elsewhere (O'Connor et
Table 1
Brain region activation associated with IL-1β and sTNFrII pro-inflammatory markers
during grief elicitation (Grief wordNNeutral word contrast) (N=18).

Region MNI coordinates
(x,y,z)

Z T p-value
(voxels)

IL-1β
Inferior temporal (BA 20/21) 40 −6 −24 4.51 6.58 b0.001 (63)
Subgenual ACC (BA 32) −2 26 −6 4.43 6.37 b0.001 (70)
Precentral gyrus (BA 4/6) −60 0 16 3.69 4.73 b0.001 (22)
Medial pons 10 −34 −46 3.63 4.63 b0.001 (18)
Precentral gyrus (BA 4) 8 −30 52 3.59 4.55 b0.001 (27)
Lateral pons 2 −26 −44 3.40 4.20 b0.001 (14)

sTNFrII
Inferior temporal (BA 20) 56 −14 −28 3.55 4.48 b0.001 (12)
Orbitofrontal cortex (BA 47) 38 36 −10 3.49 4.36 b0.001 (12)

All regions reported at the threshold of 0.001, uncorrected, 10 voxels. ACC=anterior
cingulate cortex.
al., 2008). Results from the covariate analyses with Grief wordNNeu-
tral word and the pro-inflammatory markers are shown in Table 1. Of
note, separate analyses using IL-1β and sTNFrII both demonstrated
activation in the temporal cortex and the ventral prefrontal cortex
Region MNI coordinates
(x,y,z)

Z T p-value
(voxels)

IL-1β
Cuneus (BA 19) 22 −68 32 4.16 5.72 b0.001 (55)
Inferior frontal (BA 46) −46 36 8 3.95 5.26 b0.001 (31)
Inferior frontal (BA 44) 48 16 16 3.71 4.78 b0.001 (12)
Inferior frontal (BA 44) −56 24 26 3.62 4.60 b0.001 (20)
Inferior frontal (BA 46) 32 26 14 3.44 4.28 b0.001 (11)
Inferior frontal (BA 44) 42 16 30 3.44 4.27 b0.001 (11)
Inferior frontal (BA 44) 34 16 28 3.34 4.10 b0.001 (10)

sTNFrII
Fusiform gyrus (BA 37) −36 −58 −12 4.04 5.45 b0.001 (184)
Putamen −24 −26 −4 3.83 5.01 b0.001 (53)
Putamen 18 −26 0 3.64 4.64 b0.001 (42)
Cuneus (BA 19) −28 −86 18 3.62 4.59 b0.001 (37)
Temporal pole (BA 38) 28 14 −24 3.52 4.42 b0.001 (27)
Fusiform gyrus (BA 37) 40 −54 −12 3.34 4.10 b0.001 (18)
Parahippocampus (BA 36) −30 −36 −24 3.18 3.83 b0.001 (11)

All regions reported at the threshold of 0.001, uncorrected, 10 voxels.
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(Fig. 1). Results from the covariate analyses with DeceasedNStranger
and levels of IL-1β and sTNFrII are shown in Table 2. In these separate
analyses, cuneus activation was seen in association with both IL-1β
and sTNFrII.

In order to test whether other variables could explain the
relationships between brain region activation (sACC and OFC) and
cytokines (IL-1β and sTNFrII), correlations between these variables
and demographic variables (length of time since the death, age,
education, ethnicity, sister vs. mother loss, body mass index, alcohol
use) were analyzed. No significant correlations were found.

Behavioral correlates

In order to test whether the brain regions associated with local
levels of IL-1β and sTNFrII were part of a motivational state that
shaped the perceptions of the participant, behavioral correlates for the
regional activation were analyzed. The incident free recall of words
from the scanner task, initially designed as a manipulation check of
scanner behavior, was chosen as an appropriate behavioral correlate.
Because of a priori hypotheses regarding activation in the ventral
prefrontal cortex, parameter estimates were extracted from the Grief
Fig. 2. A. Scatter plot of the significant positive correlation between subgenual anterior cing
the number of correctly recalled grief-related words post-scanning. B. Scatter plot of th
relatedNNeutral words contrast and the number of correctly recalled neutral words. C. Sca
(OFC) activations (38, 36,−10) in the Grief-relatedNNeutral words contrast and the number
between OFC activations (38, 36, −10) in the Grief-relatedNNeutral words contrast and th
wordNNeutral word contrast of sACC (in the IL-1β analysis) and OFC
(in the sTNFrII analysis). This contrast was chosen because it is the
contrast that elicits grief through words. In order to demonstrate the
association between activation in sACC and emotion processing, the
number of grief and neutral words was correlated with the parameter
estimates of sACC across subjects.

The correlation between sACC and freely recalled grief-related
words was r=0.50, pb0.04, and the correlation between sACC and
freely recalled neutral words was r=0.27, pb0.29 (Fig. 2). Multiple
regression analysis with grief-related and neutral words as indepen-
dent variables confirmed that grief-related words were a marginally
significant predictor of sACC activity (beta weight=0.52, pb0.09)
and neutral words were not (beta weight=−0.04, pb0.89). In order
to demonstrate discriminant validity, sACC activation did not
correlate with months since death, or kinship (sister vs. mother)
relationship (all r'sb0.09, p=n.s.). The correlation between OFC and
freely recalled grief-related words was r=0.45, pb0.07, and the
correlation between OFC and freely recalled neutral words was
r=0.28, pb0.28. As with sACC activation, OFC did not correlate with
months since death, or kinship (sister vs. mother) relationship (all
rb0.26, p=n.s.).
ulate (sACC) activations (−2, 26, −6) in the Grief-relatedNNeutral words contrast and
e non-significant correlation between sACC activations (−2, 26, −6) in the Grief-
tter plot of the marginally significant positive correlation between orbitofrontal cortex
of correctly recalled grief-relatedwords. D. Scatter plot of the non-significant correlation
e number of correctly recalled neutral words.



Table 3
Raw values (pg/mL) of interleukin-1β (IL-1β) and soluble tumor necrosis factor
receptor II (sTNFrII).

Subject IL-1β sTNFrII

1 243.4 233.0
2 60.5 213.2
3 85.8 58.8
4 199.0 1148.6
5 193.5 287.1
6 232.6 429.0
7 9.3 26.3
8 58.7 264.5
9 309.7 487.9
10 58.5 268.3
11 6.1 22.9
12 1147.9 5.3
13 153.3 489.4
14 65.6 157.1
15 66.5 126.4
16 14.9 95.7
17 233.3 51.8
18 428.9 157.3
Mean (SD) 198.2±264.2 251.3±271.2

Values of IL-1β for comparison from whole saliva samples include: Miller et al. (2006)
(control=212.8 pg/mL±167.4; periodontitis 753.7 pg/mL±1022.4), Tobon-Arroyave
et al. (2008) (control=295.8 pg/mL±175.0; periodontitis=543.8 pg/mL±243.9).
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Discussion

The present study investigated the hypothesis that local inflam-
mation, as measured by salivary concentrations of twomarkers of pro-
inflammatory cytokine activity (e.g., IL-1β and sTNFrII), is positively
associated with greater sACC activation. This hypothesis was based
upon evidence that local levels (e.g., mouth) of pro-inflammatory
cytokines are associated with sickness behaviors, (a set of behaviors
including low mood) which are orchestrated by the brain and
described as a shift in motivational state. In summary, the present
study found that local levels of both inflammatory markers in the
mouth were positively associated with ventral prefrontal activation
(e.g., sACC and OFC) as well as other regions important in the
emotional task such as noun retrieval (e.g., temporal cortex), and
visual processing (e.g., cuneus and fusiform gyrus).

Activation of the sACC and the OFC are both related to monitoring
the affective valence of stimuli (Kringelbach, 2005). The sACC is one of
the most reliably activated regions in major depression, and shows a
relationship to mood in other studies (for a review, see Ressler and
Mayberg, 2007). The OFC is also associated with depression, showing
elevated activation in depressed vs. remitted persons (Drevets, 2001).
The hypothesis that a motivational state is changed under conditions
of higher inflammation, and that this state includes low mood, is in
keeping with the positive association between local inflammation and
these regional activations.

We used a behavioral measure in order to test the association
between ventral prefrontal regions and memory for grief-related
words (in contrast to neutral words). The sACC and OFC activations,
each associated with increased local inflammation, were correlated
specifically with the recall of grief-related words. The hypothesized
correlation between grief-related words and sACC activation was the
strongest, whereas the correlation between grief-related words and
OFC activation was a trend. Biased memory retrieval for mood-
congruent words has been found in other mood disorders, such as
anxiety and depression (Mathews and MacLeod, 2005). The strong
positive correlation between the recall of grief-related words and
ventral prefrontal activation (and the absence of a correlation with
neutral words) suggests that those with the highest local inflamma-
tion are in a motivational state that preferentially attends to mood-
congruent information, which could be expected from the sickness
behavior hypothesis.

Other areas of activation were related to functions required during
the grief-eliciting tasks. The cuneus region, activated in both IL-1β and
sTNFrII analyses, is an area important in visual processing, as seen in
emotion induction with other visual tasks (Ganis et al., 2004). The
fusiform gyrus is a brain region specifically activated during the visual
processing of human faces (Critchley et al., 2000; Kanwisher et al.,
1997). These two areas were activated in the DeceasedNStranger
condition. This condition relies upon visual stimuli for grief elicitation.
The inferior temporal region, also activated in both IL-1β and sTNFrII
analyses, functions in noun retrieval and is seen in the Grief
wordNNeutral word. This condition relies upon words for grief
elicitation. The pons activation in the present study may reflect
activation of the sensory pathway positively correlated with local
inflammation. The trigeminal nerve carries sensory information from
the mouth to the brain, and enters the brainstem at the pons
(Bowsher, 1997).

The local IL-1β levels in the present study are comparable to other
studies using whole saliva to investigate IL-1β (Miller et al., 2006;
Tobon-Arroyave et al., 2008) and sTNFrII (Al-Harthi et al., 2000;
Nishanian et al., 1998; Winkler et al., 2001). In studies comparing
those with periodontal disease with normal controls, it is evident that
levels vary widely, and the sample in the present study reflects this
wide variability (Table 3).

Our data is not evidence that peripherally measured IL-1β or TNF-
α is binding to receptors in the prefrontal cortex; however, the present
results support the idea that peripheral inflammation at a local site
(i.e., mouth) is communicated to the brain, and that the resulting
changes in motivational state may influence emotional processing. If
sickness behavior is the output of a motivational state of the brain, it
may influence the regional processing of emotional stimuli (e.g.,
greater use of sACC) upon presentation of reminders of a recently
deceased loved one.

Several limitations of the present study should be noted. While it
is clear that pro-inflammatory cytokine levels in the mouth have
been linked to sickness behaviors (e.g., social withdrawal, depressed
mood), a limitation of the present study is that periodontal disease
was not evaluated in each participant. Therefore, alternative inter-
pretations of the data are possible. However, levels of IL-1β in the
present study are in line with the levels published by other
laboratories (Al-Harthi et al., 2000; Miller et al., 2006; Nishanian et
al., 1998; Tobon-Arroyave et al., 2008; Winkler et al., 2001). The
present study is cross-sectional, and therefore it is not possible to
state a causal relationship. The reverse causation must be considered:
bereaved individuals with greater medial prefrontal activation may
have lower mood and motivation for health behaviors, such as oral
care, and this may cause greater oral inflammation. It is impossible to
rule out other interpretations, because there was only one assess-
ment of pro-inflammatory markers. Those participants who found
the task most emotionally arousing may have had both the greatest
emotional recall scores and pro-inflammatory responses. Although
few studies of the kinetics of oral cytokine production exist,
Mastrolonardo et al. (2007), report a rise in IL-1β in saliva after
20 min following a stress task in control subjects and Dickerson et al.
(2004) report a stress-related change in sTNFrII in other oral fluids
after 30 min. However, samples were not taken earlier than these
time points in either report, and therefore it is possible that measures
taken immediately following the task in the present study could
reflect the result of acute stress of the emotional arousing task or
could reflect the individual variability in response to chronic
bereavement stress. Finally, future research should include a
nonbereaved comparison group, in order to determine whether the
associations are specific to a chronically stressed state, and include
men to examine generalizability.

This is the first study to demonstrate a relationship between
emotional processing, brain activation and local immune system
activation in a chronically stressed population of adults. Future
research should investigate the direction of causality in this
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relationship. For example, a directional hypothesis could test whether
it is more difficult for those with high levels of local inflammation to
adjust to stressful life events, or conversely, whether mood-related
brain activation leads to prolonged inflammation in the periphery. In
summary, the present data demonstrates that higher salivary levels of
sTNFrII and interleukin-1β (IL-1β), in separate analyses, are both
associated with activation of the ventral prefrontal cortex in persons
undergoing the chronic emotional stress of bereavement, and adds to a
growing literature on the relationship between local inflammation, the
brain, and behavior.
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