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The central nucleus of the amygdala (CeA) contains a group of cells that produce a neuropeptide, corticotropin releasing factor

(CRF). The literature suggests that CRF in the CeA has a negative effect on behavior, such as increased anxiety and fear.

However recent studies reported a conflicting result showing a rewarding effect of CRF. To understand how CRF lead to

different behavioral effects, CRF neurons in the CeA were genetically manipulated to express a light-activated cation channel,

channelrhodopsin-2, using CRF-cre mice. When the animals were initially tested to press a lever for light delivery in an operant

conditioning (OP) and to visit one of two compartment for light presentation in a real-time place preference task (RTPP), CRF

activation did not alter animals’ behavior at all. Stimulation of CRF neurons also failed to change animals’ anxiety levels

compared to their control group in an elevated plus maze (EPM). After experiencing a lever press for food rewards for 5 days,

however, CRF activation in the same mice induced rewarding effects in both OP and RTPP. Using a different set of mice, it

was also examined whether CRF activation after forming fear memory resulted in negative effects on behavior. Indeed, CRF

activation did not produce any effects before fear conditioning, but the same manipulation significantly elevated anxiety levels in

EPM and induced aversive effects in RTPP after fear conditioning. These results demonstrate that CRF neurons can exert either

positive or negative impacts on behavior depending on prior experiences.
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Figure 1. Expression of ChR2 in CRF neuorns. AAV-FLEX-ChR2-mCherry was bilaterally injected into the CeA of CRF-cre mice
for the ChR2 group, whereas AAV-FLEX-mCherry was infused for the control group. Representative CeA sections stained for

mCherry showed the expression of ChR2 in the CeA. The dotted rectangles indicate the location of optic fibers above the CeA.
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Figure 2. Initial effects of CRF stimulation on behavior. (A) In an operant conditioning box, individual mice were trained to press the

levers for light delivery (Is, 10Hz) into the CeA. No group difference was found during 5 days of training. (B) One of two

compartments was paired with continuous light stimulation (1s on and 1s off) and mice’s preference to a particular place was tested

for 20 min. Two groups spent equal amounts of time in both compartments. Inset shows the average time spent in the light—paired

compartment. (C) After stimulating CRF neurons with light for 3s, mice were placed on an elevated plus maze for 10 min. No

statistical group difference was found in the total amount of time spent in the open arms.
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Figure 3. Effects of CRF activation on behavior after experiencing rewards during operant conditioning. The same groups of mice

used in Figure 2 were trained to press a lever for a food pellet (20mg) for 5 days. From day 6 to 10, each lever press resulted in

light stimulation (1s, 10Hz) instead of food delivery. The ChR2 showed significantly higher lever presses than the control group (*, p

< 0.05). (B) The ChR2 group also preferred the light—paired compartment significantly more than the control group (**, p < 0.01).

(C) The two groups showed no difference in anxiety—related behavior.
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Figure 4. Effects of CRF activation on behavior after experiencing aversive stimuli in fear conditioning. (A-B) Prior to fear

conditioning, two groups exhibited no behavioral differences in the real-time place preference task (A) and elevated plus maze (B). (C)

All mice underwent fear conditioning in which a tone CS was paired with a footshock US (0.6mA) 10 times. Freezing responses to

CS were tested before (pre test) and after conditioning (post test). (D~E) Two groups learned the CS-US association well and showed

similar levels of fear responses during the acquisition (D) and during the post test (E, Post). (F-G) Animals’

behavior was measured

again after fear conditioning. The ChR2 group significantly less preferred the light—paired compartment, compared to the control group
*, p < 0.05), which indicated higher

(F; *** p < 0.01). The ChR2 group also spent significantly less time in the open arms (G;

anxiety levels.
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