gobobogoobbooobobuoooobooooo
gooooooon

ooooooooo®

cooobodooboooobooocooooOoooobooooa

Hippocampal Neurogenesis is Enhanced by the Soy Isoflavone
Daidzein in Middle-Aged Female Mice
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Department of Anatomy and Neuroscience, Graduate School of Medical Sciences,
Kyushu University, Fukuoka 812-8582

ABSTRACT

Throughout the life, production of new granule cells continues in the dentate
gyrus of the hippocampus, which is called adult neurogenesis. Recent studies show
that adult hippocampal neurogenesis contributes to various brain functions, such
as learning, memory, and mood control, and also suggest that decline in new cell
production during aging may be involved in age-related cognitive dysfunctions.
Estrogens have well known elects on reproductive behaviors and associated brain
regions. Interestingly, recent studies indicate that estrogens not only influence non-
reproductive behaviors but also enhance adult neurogenesis. Soy isoflavones, such
as daidzein and genistein, mimic physiological actions of estrogens. Here we thus
examined the potential effects of daidzein on adult hippocampal neurogenesis in
middle-aged (12-month-old) female mice using endogenous neurogenesis markers.
The numerical densities (NDs) of primary progenitors were not allected by four
weeks intraperitoneal administration of daidzein. The NDs of transit amplifying
progenitors were increased by daidzein in the dorsal hippocampus (responsible for
memory and learning) but not in the ventral hippocampus (responsible for emotion
regulation). The NDs of neuronal progenitors and immature granule cells were
increased by daidzein both in the dorsal and ventral hippocampus. We also found
that the NDs of proliferating cells were higher in daidzein-treated mice than in
saline controls. Furthermore, the dendritic length of immature granule cells were
elongated by daidzein administration. These findings indicate that daidzein enhance
proliferation and dilJerentiation of progenitors and maturation of immature granule
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cells in a topographic manner, and also suggest that age-related brain dysfunctions
may be reversed by daidzein via enhancement of adult neurogenesis. Soy Protein
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Fig. 1. Characterization of sequential steps of adult hippocampal neurogenesis using endogenous neurogenesis
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markers. (A) The hippocampus (shaded) is divided into dorsal, middle and ventral parts perpendicular
to the longitudinal axis. Then, the dorsal and ventral blocks are selected, and cut into 404 m-thick serial
transverse sections. (B, C) Inverted images of NeuN-stained sections of the dorsal (B) and ventral dentate
gyrus (C) in saline controls. The supra- and infrapyramidal blades are divided at the crescent. (D,E)
Inverted images of NeuN-stained sections of the dorsal (D) and ventral dentate gyrus (E) in daidzein-
treated mice. (F) Sequential steps of adult neurogenesis and expression of endogenous neurogenesis
markers: glial fibrillary acidic protein, GFAP; sex determining region Y-box 2, Sox2; mammalian achaete-
scute homolog 1, Mashl; T-box brain protein 2, Tbr2; doublecortin, DCX; calretinin, CR. These markers
enables to identify primary progenitors, early transit amplifying progenitors (TAPs), late TAPs, neuronal
progenitors, and immature granule cells. Scale bar in E = 200p m (applies to B-E). Amy, amygdala; CC,
corpus callosum; dDGi, infrapyramidal blade in dorsal dentate gyrus; dDGs, suprapyramidal blade in
dorsal dentate gyrus; FX, fornix; HIP, hippocampus; vDGi, infrapyramidal blade in ventral dentate gyrus;
vDGs, suprapyramidal blade in ventral dentate gyrus.
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Fig. 2. Patterns of expression of endogenous neurogenesis markers in the hippocampus. (AB) There are no
detectable differences in the labelings for Sox2, Mashl, S1003, and GFAP between saline controls
and daidzein-treated mice. Arrowheads represent GFAP*/Sox2"/Mash1/S10Q8 ~ presumed primary
progenitor, arrows represent GFAP /Sox2"/Mash1'/S1008 ~ presumed early TAPs, and asterisks
represent GFAP*/Sox2"/Mash17/S10(B * astrocytes. (C, D) The labelings for dendrites and somata by
DCX are slightly increased in daidzein-treated mice than in saline controls. Arrows represent Tbr2"/
DCX/CR™ presumed late TAPs, arrowheads represent Tbr2/DCX'/CR™ presumed neuronal progenitor,
and asterisks represent a Tbr2?/DCX'/CR" presumed immature granule cell. All of these cells are
immunonegative for NeuN. Scale bar in Ds=50u m (applies to A;-Ds).
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Fig. 3. Alterations in the numerical densities (NDs) of progenitors and immature granule cells in the dorsal
hippocampus following daidzein administration. (A) There are no significant dilerences in the NDs of
GFAP*/Sox2"/Mash17/S10(B ~ presumed primary progenitors between saline controls and daidzein-
treated mice. (B,C) Daidzein increases the NDs of GFAP/Sox2*/Mash1'/S10Q3 ~ presumed early
TAP cells and Thr2*/DCX/CR™ presumed late TAPs in the suprapyramidal blade but not in the
infrapyramidal blade. (D,E) The NDs of Thr2/DCX'/CR™ presumed neuronal progenitors and Thr27/
DCX'/CR" presumed immature granule cells are increased following daidzein administration both in
the supra- and infrapyramidal blades. (F) The NDs of GFAP*/Sox2"/Mash1/S10Q3 * astrocytes are not
alected by daidzein. dDGi, infrapyramidal blade of the dorsal dentate gyrus; dDGs, suprapyramidal blade
of the dorsal dentate gyrus; dDGt, total of supra- and infrapyramidal blades of the dorsal dentate gyrus.
Values are means + SD. Asterisks show signiticant diderences at "p<0.05 and "“p<0.01.
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Fig. 4. Alterations in the numerical densities (NDs) of progenitors and immature granule cells in the ventral
hippocampus following daidzein administration. (A-C) Daidzein does not alect the NDs of GFAP*/Sox2"/
Mash17/S10(3 ~ presumed primary progenitors, GFAP/Sox2"/Mash1°/S100B ~ presumed early TAP
cells, and Thr2*/DCX/CR™ presumed late TAPs. (D,E) The NDs of Thr2"/DCX"/CR™ presumed neuronal
progenitors and Thr2/DCX"/CR" presumed immature granule cells are increased following daidzein
administration both in the supra- and infrapyramidal blades. (F) There are no significant dillerences in
the NDs of GFAP*/Sox2*/Mash1/S10(B * astrocytes between saline controls and daidzein-treated mice.
vDGi, infrapyramidal blade of the ventral dentate gyrus; vDGs, suprapyramidal blade of the ventral
dentate gyrus; vDGt, total of supra- and infrapyramidal blades of the ventral dentate gyrus. Values are
means + SD. Asterisks show signiticant dilerences at ""p<0.01.
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