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Chronic stress increases dopamine levels in hippocampal dentate gyrus

and impairs spatial learning and memory in rats
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Abstract: The objective of this study was to elucidate the effect of chronic stress (CS) on dopamine (DA) level and synaptic efficiency in
the hippocampal dentate gyrus (DG) during spatial learning and memory. Sprague Dawley (SD) male rats were randomly divided into
control group and CS group (n = 10). CS group was treated with chronic mild unpredictable stress, and control group did not receive
any treatments. The levels of epinephrine and corticosterone (CORT) in serum were measured by using enzyme-linked immunosor-
bent assay (ELISA); the spatial learning and memory abilities of rats were measured by Morris water maze (MWM) test. Meanwhile,

the amplitude of field excitatory postsynaptic potential (fEPSP) and concentration of DA in the DG region were determined by in vivo
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electrophysiology, microdialysis and HPLC techniques during MWM test in rats. After that, the DA D1 receptor (DIR) and its key
downstream members in DG were examined by immunohistochemistry or Western blot assay. The results showed that the levels of
epinephrine and CORT in the serum of the rats in CS group were significantly increased compared with those in the control group
(P <0.05). In CS group rats, the escape latency was significantly prolonged and the number of platform crossing was markedly
decreased during MWM test, compared with those in control group (P < 0.05). Furthermore, the amplitude of fEPSP in the DG was
not changed during MWM test in CS rats, while it was significantly increased on the 3rd day of MWM test in control group (P < 0.05).
Compared with baseline or control group, CS group showed significantly increased DA level from the 1st to 3rd days of MWM test in
the DG (P < 0.05). In addition, the protein expression of DIR was markedly up-regulated in the DG in CS group, while the protein
expression levels of p-PKA, p-CREB and BDNF were significantly reduced, compared with those in control group. These results suggest
that CS may impair spatial learning and memory abilities in rats through the enhancement of the DA levels in the hippocampal DG.
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Fig. 1. Experimental schedule. D, day; ELISA, enzyme-linked immunosorbent assay; WB, Western blot; IHC, immunohistochemistry.
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Table 1. Effects of chronic stress (CS) on the concentrations of

epinephrine and corticosterone (CORT) in serum of rats

Group Epinephrine (pug/L) CORT (pg/L)
Control 66.63 =9.86 28.77+2.12
CS 250.36 + 36.84 59.81+6.10"

Mean = SD, n = 10. "P < 0.05 vs Control group.

[ Control
250 CS

@ 200
E 150
=) 7/
- 7
2 100 /
=3 v
& 50 g

0 %

1 3 4
Time (day)
D
*

) 5
2% 4 I
[e N =]
ol 3
5 3
o %
o
£ 1
=]
Z 9

Control CS

Fig. 2. Effects of chronic stress (CS) on the spatial learning and memory abilities in rats. 4, B: The escape latency (4) and swimming

speed (B) in place navigation trial of MWM test. C, D: Representative swimming traces (C) and the number of platform crossing (D)

in spatial probe trial of MWM test. The escape platform location is indicated by a small red circle in the left lower quadrant of water
maze outline. Data are mean = SD, n = 10. "P < 0.05 vs Control group, “P < 0.05 vs 1™ day.
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Fig. 3. Effects of chronic stress (CS) on fEPSP amplitude (4) and DA level (B) in the hippocampal DG during MWM test. Inset: dotted
line, basal level; solid line, 3™ day of MWM test (left: Control; right: CS). fEPSP amplitude and DA level are expressed as percentages
of values obtained before starting training (basal level). Data are mean + SD, n = 10. "P < 0.05 vs Control group; “P < 0.05 vs basal

level (0 d).
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Fig. 4. Effects of chronic stress (CS) on the expression of DIR in the hippocampal DG. 4: Representative images of immunohisto-
chemical staining. Scale bar, 1 um. Arrows denote representative positive-stained cells. GCL: granule cell layer; PCL: polymorphic

cell layer. B: Result of Western blot assay. Data are mean + SD, n = 3. P < 0.05 vs Control group.
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blot. Data are mean + SD, n = 3. "P < 0.05 vs Control group.
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