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The involvement of corticotropin releasing factor (CRF)
in cognitive and emotional functions
— Is CRF release a cause or result of anxiety/fear?
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[Background and Objectives] Appropriate responses to emotional stress are indispensable for
threat avoidance and survival. For example, in the peripheral nervous system, adrenaline increases
heart rate and thereby helps us run away from predators and/or conspecific enemy. Although such
mechanisms must be organized in the central nervous system, little is known about the details.
Whereas appropriate responses to emotional stress are important, too much anxiety and/or severe
stress (or mild but chronic stress) often induces psychiatric disorders such as posttraumatic stress
disorder, generalized anxiety disorder, panic disorder, and depression. The neural mechanisms of
responses to emotional stress should be resolved for more efficient clinical treatments of these
psychiatric disorders. To find a clue to resolving the neural mechanisms of responses to emotional
stress, I have focused on corticotropin releasing factor (CRF), a neuropeptide that has been closely
related to stress responses.

Many studies have demonstrated that CRF induces anxiety/fear- related behaviors. However, we
have to interpret these results cautiously because high doses of CRF may stimulate CRF; receptor as
well as CRF; receptor and behavioral tests reflect several aspects of cognition and emotion.
Moreover, previous studies have shown that the stimulation of CRF; receptor may facilitate learning
and memory retrieval. Given that the CRF; receptor is involved in learning and memory retrieval,

'we have to carefully evaluate the effects of CRF; receptor antagonists on anxiety/fear-related
behaviors in memory-dependent tasks. It is possible that one confuses the effects of CRF; receptor
antagonists on learning and memory retrieval with anxiolytic effects. If CRF and/or related peptides
are involved in other cognitive functions such as attentional function as well as learning and memory
retrieval, one may confuses the effects of CRE, related peptides and CRF receptors antagonists on
cognitive functions with anixogenic or anxiolytic effects even in memory-independent tasks. I
addressed this issue in chapter 2.

Nevertheless, there are many studies indicating the involvement of CRF in anxiety/fear. Numerous
studies have shown that serotonin in forebrain is involved in fear/anxiety and several studies have
indicated that CRF is closely related to serotonergic activity. There are two origins of serotonergic
projections to the forebrain in mammalian brain. Although one of the two, the dorsal raphe nucleus
(DRN), has been extensively studied to date because DRN is relatively large nucleus and located in
the shallow part of the brain, another origin, the median raphe nucleus (MRN), has been scarcely
studied because the MRN is small nucleus and located in the deep part of the brain. It may be
possible to make clear the relationship between CRF and anxiety/fear by elucidating the relationship
between CRF and serotonergic system. I addressed this issue in chapter 3 and 4.

[Materials and Methods] Chapter 2: 1 examined the effect of CRF on attentional function using a
5-choice serial reaction time task (5-CSRTT) in rats. Accuracy in the 5-CSRTT was used as the
index of attentional function. Human/rat CRF was intracerebroventricularly injected (0, 0.01, 0.1, or
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1 pg /S pl saline) 20 minutes before the beginning of the test trial in male Lister hooded rats that
generally show high performance in the 5S-CSRTT. Moreover, Wistar/ST rats, which generally show
poor performance in the 5-CSRTT, were injected with 5 pl of 5% dimethylsulfoxide in saline
(vehicle), 0.1 pg CRF in vehicle, 0.1 pg CRF + 5 pg antalarmin (CRF; receptor antagonist) in
vehicle or 5 pg antalarmin in vehicle into the lateral ventricle.

Chapter 3. 1 examined the role of CRF in the MRN on fear-related behaviors in rats. I employed the
contextual fear conditioning test and the elevated plus-maze test as memory-dependent and
-independent tasks, respectively. Human/rat CRF (10 ng) in 0.5 pl saline was injected into the MRN
15 minutes before the beginning of the test.

Chapter 4: 1 determined the subtype of CRF receptors in the MRN responsible for the effect of CRF
on fear expression. To assess the levels of anxiety/fear, I employed the contextual fear conditioning
test (CFC) and the elevated plus maze test (EPM) as memory-dependent and -independent tasks,
respectively. 1 injected CRF receptor antagonists or vehicle into the MRN 10 minutes before
behavioral tests. Antalarmin, a CRF; receptor antagonist, was dissolved in a solution of 5% Campbhor,
5% ethanol, and 90% saline. Astressin (nonselective CRF receptor antagonist) and astressin 2B
(CRF; receptor antagonist) were dissolved in saline containing 0.1% bovine serum albumin. The
doses of each antagonist were as follows: antalarmin 250 ng, astressin 250 ng, and astressin 2B 1000
ng.

[Results] Chapter 2: As a result, 0.1 ug of CRF, but not other doses of CRF, increased accuracy in
the 5-CSRTT. However, 0.1 ug of CRF did not affect impulsivity, motivation/appetite, perseverative
tendency, or motor function. Even when Wistar/ST rats were used, 0.1 pg of CRF increased accuracy
in the S5-CSRTT. However, the effect of CRF was not significantly attenuated by
intracerebroventricular injection of the CRF; receptor antagonist antalarmin (5 pg).

Chapter 3: Administration of CRF (10 ng) significantly increased memory dependent, but not
independent, fear expression.

Chapter 4: Intra-MRN injection of 1000 ng of astressin 2B and 250 ng of astressin, but not 250 ng of
antalarmin, significantly suppressed the expression rate of freezing behavior in the CFC. However,
in the EPM, there was no difference between astressin 2B-injected rats and saline-injected rats on the
time spent in the open arms. Neither the amount of exploratory behavior nor the moving distance in
the EPM of astressin 2B-injected rats differed from those of vehicle-injected rats,

[Discussion] Chapter 2. These results showed that CRF selectively enhances attentional function
regardless of baseline attentional performance and rat strain, but this effect may be due to the
pathways other than CRF; receptors. The present results suggest that CRF is involved in
stress-related changes of attention and indicate that moderate stress, but not severe stress, may
enhance attentional performance. Furthermore, these findings also indicate that the CRF-related
substance could be a target for the development of an agent to improve attentional function.

Chapter 3:These results suggest that CRF release in the MRN is involved in the retrieval of fear
memory. Since serotonergic neurons in the MRN projects to dorsal hippocampus, medial septum,
hypothalamus and frontal cortex, endogenous CRF and/or related peptides may activate serotonergic
neurons in the MRN and thereby modulate the neural activity of the these sites and facilitate fear
memory retrieval. ‘

Chapter 4: These results indicated that endogenous CRF and/or related ligands release in the MRN
induces memory-dependent fear expression via the stimulation of CRF, receptor. CRF, receptor in
the MRN would play a pivotal role in fear memory retrieval and might be able to be a target for
more efficient clinical treatments of mental disorders such as posttraumatic stress disorder.

{Conclusion] Since CRF enhances attentional function as shown in chapter 2, it is possible that
most previous studies have confused the effects of CRF, related peptides and CRF receptors
antagonists on cognitive functions such as attentional function with anixogenic or anxiolytic effects.
Moreover, the effect of CRF was observed in memory-dependent task, and the effect was due to the
stimulation of CRF, receptor, but not CRF; receptor. Taken together, the present findings and
previous findings indicate that CRF is responsible for stress responses to cope with dangerous
situations, but not for fear/anxiety itself.
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