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ABSTRACT

Social stress is considered a major cause of depressive disorder in humans.
Recently, the resident-intruder paradigm of social defeat (SD) has been standardized
as a rodent model of depression. This animal model can exhibit depression-
like social avoidance behavior, a typical symptom of human depression. In this
study, we analyzed the potential ellect of soy isoflavone genistein on depression-
related behaviors and neuroinflammation in a mouse model of SD stress. Time
spent in a closed arm in the elevated plus maze (EPM) test and that spent in
an avoidance zone in the social interaction (SI) test were increased by exposure
to SD stress for 10 days. Results of the EPM and Sl tests were not altered by
subsequent administration of genistein for 14 days. In contrast, in the forced
swim test, immobility was increased by SD stress, and decreased by subsequent
genistein administration. The numerical densities of microglia, the resident immune
cells in the brain, were increased by SD stress in the stratum pyramidale of the
hippocampus, and decreased by genistein. The number of nodes and ends, and
total lengths of microglial processes in the hippocampus were decreased by SD
stress, and increased by genistein. Finally, we examined the potential alterations
in adult hippocampal neurogenesis by SD stress and genistein, as recent studies
have suggested that neuroinflammation induced by social stress may suppress
the production of new neurons. The spatial densities of immature neurons were
decreased by SD stress, and increased by genistein, whereas those of neural stem
cells and astrocytes were not affected by SD stress or genistein. Our findings
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suggest that soy isoflavone genistein may, in part, alleviate depression-related
behaviors and neuroinflammation caused by SD stress. Soy Protein Research, Japan

23, 90-98, 2020.

Key words : social stress, depression, hippocampus, neuroinflammation, microglia,
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Fig. 1. Alterations in the depression-related behaviors by social defeat (SD) stress and soy isoflavone genistein
(GEN). (A) The schedule of SD stress, administration of vehicle (VEH) or genistein, elevated plus maze
(EPM) test, social interaction (Sl) test, and forced swim test (FST). (B, C) The time spent in the closed
arm (B) and open arm (C) in the EPM test on day 11. (D, E) The interaction score (D) and time spent in
the avoidance zone (E) in the Sl test on the same day. (F, G) The time spent in the closed arm (F) and
open arm (G) in the EPM test on day 23. (H, I) The interaction score (H) and time spent in the avoidance
zone (I) in the SI test on day 24. (J, K) The time in immobility (J) and distance traveled (K) in the FST on
day 25. Data, represented as mean + standard deviation, were analyzed by Welch's t-test (A-E; Control,
n = 12 mice, SD, n = 22 mice) and one-way ANOVA with post hoc Tukey's honestly significant diJerence
test (F-K; Control, n = 12 mice, SD VEH, n = 11 mice, SD GEN, n = 11 mice). Statistical significance: *P <

0.05, *P < 0.01.
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Fig. 2. Alterations in the distributions of microglia in the CA1 region of the hippocampus by social defeat (SD)
stress and soy isoflavone genistein (GEN). (A-C) Double fluorescence for ionized calcium-binding adapter
molecule 1 (Ibal, magenta) and 4'6-diamidino-2-phenylindole (DAPI, cyan) in the CAl region of the
hippocampus obtained from control mice (A), mice exposed to SD stress for 10 days and subsequently
received administration of vehicle (VEH, B) or GEN (C) for 14 days. (D-F) The numerical densities (NDs,
x 1,000/mm?) of Ibal-positive (Ibal") microglia in the stratum oriens (so, D), stratum pyramidale (sp, E),
and stratum radiatum (sr, F) of the CA1 region of the hippocampus. Scale bar in C, 50y m for A-C. Data,
represented as mean + standard deviation, were analyzed by one-way ANOVA with post hoc Tukey's
honestly significant dillerence test: 7 = 3 mice per group. Statistical significance: *P < 0.05, *P < 0.01.
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Fig. 3. Alterations in the morphological characteristics of microglia in the CALl region of the hippocampus by
social defeat (SD) stress and soy isoflavone genistein (GEN). (A-C) Computer-based tracing of ionized
calcium-binding adapter molecule 1-positive (Ibal®) microglia obtained from control mice (A), mice
exposed to SD stress for 10 days and subsequently received administration of vehicle (VEH, B) or GEN
(C) for 14 days. (D-F) The nodes (D), ends (E), and total lengths (F) of the processes of Ibal” microglia.
Scale bar in C, 10 y m for A-C. Data, represented as mean + standard deviation, were analyzed by one-
way ANOVA with post hoc Tukey's honestly significant diJerence test: n = 3 mice per group. Statistical

significance: *P < 0.05, *P < 0.01.
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Fig. 4. Alterations in the adult hippocampal neurogenesis by social defeat (SD) stress and soy isoflavone

genistein (GEN). (A-C) Quadruple fluorescence for doublecortin (DCX, magenta), sex determining
region Y-box 2 (Sox2, yellow), S100(3 (green), and 4'6-diamidino-2-phenylindole (DAPI, cyan) in the CAl
region of the hippocampus obtained from control mice (A), mice exposed to SD stress for 10 days
and subsequently received administration of vehicle (VEH, B) or GEN (C) for 14 days. The numerical
densities (NDs) of DCX-positive (DCX") immature neurons, Sox2"/S100B3 -negative neural stem cells,
and Sox2°/S100B * astrocytes. Scale bar in C, 50y m for A-C. Data, represented as mean + standard
deviation, were analyzed by one-way ANOVA with post hoc Tukey's honestly significant dilerence test:
n = 3 mice per group. Statistical significance: *P < 0.05, *P < 0.01.
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