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Investigation of nervous and endocrine system changes due to stress: practical
application for the postmortem diagnosis of abuse
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We investigated nervous and immune system changes attributed to endocrine system
ones by abuse stress. At first, abuse stress causes adrenal endocrine system changes from the
investigation using a mouse restraint stress model of psychological abuse and forensic autoBsy cases. Our
results suggest that the analysis of the changes may be useful for the diagnosis of child abuse and
determining the duration. We could not show significant changes of the nervous system caused by endocrine
system ones in elderly abuse cases. As for the immune system, CCR5 expression was up-regulated in the
thymus of child abuse cases and therefore, CCR5 may be a novel marker for the diagnosis of child abuse
and therapeutic marker for thymic atrophy.
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In control mice, there was no significant
temporal change in any markers within
the experimental periods. In restraint
stressed mice, the weight of the adrenal
gland showed a significant increase at 1
week and 2 weeks in comparison to that of



control mice. Serum levels of ACTH
showed a significant increase with 1 day to
3 weeks of stress. Corresponding to the
change of ACTH, serum levels of
corticosterone and cortisol showed a
significant increase with 1 day to 2 weeks,
and 3 weeks of stress, respectively. In
contrast, the adrenal cholesterol content
showed a significant decrease with 1 week
of stress. All of these changes returned to
control levels after 4 weeks. According to
“Selye’s stress theory” and recent
investigators, the adrenal glands are
enlarged due to overproduction of
glucocorticoids through activation of the
HPA axis in the early phase of chronic
stress, which Selye termed the “alarming
reaction (A-R) stage”. Subsequently, in the
later phase, which Selye termed the
“resistance stage”, the production of
glucocorticoids is reduced to the lowest
levels for resisting the stress. Therefore,
our results suggest that restraint stress for
1 day to 3 weeks and for 4 weeks may
correspond to the “A-R stage” and
“resistance stage”. These temporal changes
may be useful markers for not only proving
prolonged psychological stress experience
but also for the estimation of stress
duration.

As a practical application of these results
to forensic casework, an initial evaluation
of adrenal weights would be appropriate
because of its simple and routine
examination. In contrast, the diagnostic
assessment of postmortem serum hormone
levels 1is controversial. Therefore, we
performed a quantitative analysis of
adrenal cholesterol, a starting material for
glucocorticoids. Actually, the cholesterol
was decreased significantly in mice
restrained for 1 week in our study.
Supportingly, intracellular lipid-droplet
depletion in the zona fasciculata, implying
an exhaustion of cholesterol, has been
observed in the early phase of chronic
stress. Moreover, Halliday reported that
cholesterol values in autopsy liver samples
were unaffected by formalin fixation for at
least 200 days. Thus, measurement of
adrenal cholesterol content can be
substituted for that of serum glucocorticoid
levels.

In restrained mice, adrenal gene
expression of 3 molecules (SR-BI, HMGR
and HSL) involved in cholesterol supply
showed a significant increase with 1 day to
2 weeks of stress. In contrast, LDLR gene
expression showed no temporal change
from 1 day to 4 weeks of stress. The 3

up-regulated molecules were SR-BI, a
receptor mediating uptake of plasma
HDL-cholesteryl esters (CE), HMGR, a
rate-limiting enzyme in the process of de
novo synthesis, and HSL, a fatty acyl
hydrolase liberating free cholesterol from
CE. Since the transcription of all 3
molecules is regulated by ACTH, each
expression was increased synchronically.
In addition, the gene expression of CgA,
one of the markers for postmortem
assessment of chronic stress, showed a
significant increase with 1 day to 2 weeks
of stress, and a significant decrease with 3
to 4 weeks of stress. The later phase
corresponds with the “resistance stage”,
and the SA axis was suppressed to prevent
potential  adverse effects including
arrhythmia and hypertension. Unique
suppression of CgA expression may be a
feasible marker indicative of relatively
long duration. Several lines of evidence
implied the practical availability of
examination of mRNA levels even in
forensic  field, although postmortem
degradation of mRNA is inevitably taken
into consideration.

Our results suggest that the analysis of
adrenal endocrine systems based on the
combination of several markers related to
the HPA axis and SA axis would be useful
for not only proving  prolonged
psychological stress but also determining
its duration. Further, it should be checked
whether the restraint stress model is
applicable to child abuse/neglect cases,
since such children are likely to suffer from
prolonged psychological stress.
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