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the Hypothalamus Are Enhanced in Heat-Acclimated Rats.
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INTRODUCTION

In mammals, repeated exposure to moderate heat has been well-known to result in the
development of heat acclimation that improves heat-tolerance. Such thermoregulatory changes in
heat-acclimated subjects are known to be attributable to both the peripheral thermoeffector
efficiency at a given level of central thermoregulatory drive and to changes in a gain of the
thermoregulatory centers. The heat acclimation process has two forms, namely short-term and
long-term heat acclimation, depending on a length of the heat-exposed term. Briefly,
thermoregulatory changes of short-term heat acclimation are lost rapidly after the end of heat
exposure, while those of long-term heat acclimation are stable and sustained. Thus, especially in
long-term heat acclimation, persisting functional and/or morphological changes may be expected
in the central thermoregulatory system. For the central mechanism of heat acclimation, several
investigations have been made in the anterior hypothalamus from various points of views,
regarding gene expression profiles and morphological changes in synaptic structures, e.g.
number, thickness, curvature and complexity. These studies suggest repetitive heat
exposure-induced neuronal plasticity in the thermoregulatory center and suggest a possible

contribution of such hypothalamic neuronal modifications to the establishment of heat



acclimation. However, the central mechanism of heat acclimation has not been fully elucidated.
In these studies, we examined the effect of heat exposure on proliferation and differentiation of
neuronal progenitor cells in the rat hypothalamus.

MATERIALS AND METHODS

Male Wistar rats (5 weeks old), initially maintained at an ambient temperature (T,) of
24°C, were subjected to a constant high T, of 32°C (HE) or were constantly kept at 24°C
(controls, CN). Bromodeoxyuridine (BrdU; 50 mg/kg/day) was intraperitoneally injected daily
for 5 consecutive days after commencing heat exposure. On the 6th (HE6), 13th (HE13), 23rd
(HE23), 33rd (HE33), 43rd (HE43) and 53rd (HE53) day of the heat exposure period, the brain
samples were used for immunohistochemical studies. The same procedure was applied to CN
without heat exposure, i.e. the brains were removed on the 6th (CN6), 13th (CN13), 23rd (CN23),
33rd (CN33), 43rd (CN43) and 53rd (CN53) days corresponding to the heat exposure period in
HE. Intra-abdominal temperature (T,p) of the rats was measured using a biotelemetry system. All
experiments with animals in this study were approved by the Ethics Committee for Animal
Experimentation of Shimane University and they were handled according to our institutional
guidelines.

RESULTS AND DISCUSSION

Immunohistochemical analysis showed that the numbers of BrdU-positive (BrdU+) cells
in the hypothalamus of HE were significantly and consistently greater than those of CN. In HES,
a high density of BrdU+ cells was observed in the ependymal layer of the third ventricle. In the
other HE subgroups, in contrast, BrdU+ cells were broadly expressed in the parenchyma of the
hypothalamic area. These results suggest that heat exposure promoted cell proliferation in the
ependymal layer of the third ventricle and these cells migrated into the hypothalamic
parenchyma thereafter. In HE, the number of BrdU+ cells double-stained by Neuronal nuclei
(NeuN), a mature neuron marker, (BrdU+/NeuN+ cells) increased abruptly after 33 days of heat

exposure by about 7 times. In HE6, HE13, HE23 and HE33, only a small number of



BrdU+/NeuN+ cells were observed in the hypothalamus. In HE43 and HES53, however,
conspicuously exhibited increased numbers of BrdU+/NeuN+ cells in the hypothalamic area.
This result suggest that hypothalamic newborn cells differentiated to mature neurons 33-day after
commencing heat exposure. Moreover, the total counts of BrdU+ cells labeled with doublecortin
(Dcx), an immature neuron marker, in the hypothalamic area in HE were significantly larger than
that of CN. In contrast, BrdU+ cells expressing glial markers were rarely detected in the
hypothalamus of both CN and HE. These results clearly suggest that a majority of hypothalamic
newborn cells induced by heat exposure took on a neuronal fate. We additionally investigated
age-dependent changes in heat exposure-induced hypothalamic neurogenesis and acquired heat
tolerance in rats. In old rats (22-25 month of age), heat exposure did not promote cell
proliferation and neural differentiation in the hypothalamus. Also, old rats could not improve
heat tolerance by 40-day heat exposure.

CONCLUSION

Heat exposure facilitates proliferation of neuronal progenitor cells in the hypothalamus
and promotes neural differentiation of newly generated cells, which may have a potential role in
functional changes in thermoregulatory center in heat-acclimated rats. Also, aging may interfere

with heat exposure-induced hypothalamic neurogenesis and acquired heat tolerance in rats.



HIHE

B p'a 4, 1. Proliferation of Neuronal Progenitor Cells and Neuronal Differentiation
in the Hypothalamus Are Enhanced in Heat-Acclimated Rats.

2. Aging Attenuates Acquired Heat Tolerance and Hypothalamic
Neurogenesis in Rats.

¥ K M 1. Pflugers Archive European Journal of Physiology
(B WME~KEF)  458:661-673(2009)
2. Journal of Comparative Neurology
523:1190-1201(2015)

= H % 1. Kentaro Matsuzaki, Masanori Katakura, Toshiko Hara, Guanghua Li,
Michio Hashimoto, Osamu Shido.

2. Kentaro Matsuzaki, Masanori Katakura, Takayuki Inoue, Toshiko Hara,
Michio Hashimoto, Osamu Shido.



WNEERUVERABRXIZZE N OMBORROES

7 - (o) B & | RO EKES

Proliferation of Neuronal Progenitor Cells and Neuronal Differentiation in

*HR X4
the Hypothalamus Are Enhanced in Heat-Acclimated Rats
P
(2=
EE ZIH EE \FE
PR EEELR B % Flr FE :
mox | BB &) w
WXBEORREDES

Y TIE, BRREAOREICX DEKIBAENICRES T 5 KRR OERER - 2RE AL FH
BN, MERENTUET S (BESEORK) . LAL., TORREFIIFHATH 572 A
HTIE, BRREINZ T v MZBWT, MRFAEH HRKAELET 8K M2 Pl & U THpRE]
K el oD B85 & AL 2 fg A U 72 Wistar REEVE 5 v b (5 i) Z IR EE iR 24°C T 2 8 E L 728,
32°C OEIRREICEE L., BRERBEZRD SR HOI —H—TdH % Bromodeoxyuridine
(BrdU; 50 mg/kg/day) ZRERENA 5 HRERE G- Lz, B2ERERLENS 6~53 HHIZT v bD
MGz fii U, S iak b eIt Lz, SBREICEXD, Ty MK TEIZHT S BrdU Btk
MR L7z, 2 512, BrdU BEPERMRE O —#F135T NeuN Hifk (BREAVERREIL O~ — 71 —)
IR0 “HIZRES N, TORISERERGR 33 H0 5 43 HORIZEH L7z, 2O 5 ORER
V3, BEHIOZEFEEIZIO Ty MK RO e A B E O 8 e = ., Frafilio % <
FRAMFEIIIZ ME T 2 2 L 2R T 5, Ei T v b TIIEHOZRREITI D MBEENIT L
AETUERT, £z, SR THICBT2MRFEDFEINRN oz, LLEOKERN S, H
WSEMOBBRENT v MUK FRICH T 5 ke g A 258 L, S8EI1L 2 BT % rlhett
% Z Tz o AWEFERE RAZHR T BB A= 72N 2 BABIME I p I 35 5- 9 2 nlHelE 2 W) TR L 7z St Al
MENETHO., I SRR FTEEOMITICRNLMA L5720, FMEREZAT S,

BB IIEN ORBOREROES
HEEF I, BRELOT R FICBRARRIC LS 2 — OV HAENES T30 TIRARVNA EN
DWH 2T A T 7 THRZED. T O RENE Z Ml ZCEIZRE T 2 SRR R EMD 2 &
K> THIREITR L7z, BRCHEEFEBOMEMS 7 TH D, HOR5ITET 5 S HE L 72,
(& ZH =)
HFEH L, BIAOBEREENE 3 S P EBICB W TR O EZ2FE L. R
MR ME L DDEE FANEET 28 % %2 7 N OEBRRZRH W TRZEMERFZRICRHL 2.
HRREIZ BT 2 2L RO 1 DEHENTTHHERATH O, FALITET D SHEL
e (B : Bl #%2)
HEEH L Z2EBEOBBIZEWT Ty MIKR FTHRFEEMbEENE LTS 2 &2 /il
L. e L 7= #R MR O BIE N D& 5 % AR 2R 2 T TR U 7. BEEIML R T & 7R
T 5D THHARME T, FEEH ZREEEROHM#S T Th 0. ARG ITET 5 S Hk L 7z,
(B B B

(F#5) EEILX TNETN40 0FLNET 5,




