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Studies for central nervous reglilatory systems of hibernation
in Syrian hamsters
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ABSTRACT

Many mammals hibernate in order to survive periods of limited resources
and/or low ambient temperature. It is well known that brains of hibernating
mammals are protected against a variety of detrimental ‘stréss. Such
protection is associated with a number of physiological adaptations
inducing hypothermia, increased antioxidant defense and metabolic arrest.
Based on these evidences, it is widely accepted that the mechanism of
hibernation has possibility to apply to the medical treatment of
encephalopathy ihcluding brain trauma, brain ischemia and alzheimer's
disease. Therefore, we investigated the central regulatory system of
hibernation in Syrian hamsters and identified the three phases-specific

regulatory systems.
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Fig. 1. The relationship of changes in T, with time (days) after exposure to cold in hamsters. Experiments

were conducted at an ambient temperature of 5 “C.
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Fig. 2. Effects of adenosine (ADO) and adenine nucleotides on the body temperature (T,) in hamsters.
The plots (a) show the time-related changes in T, after intracerebroventricular (icv) injection of
ADO or adenine nucleotides. ACSF, ADO (400 nmol), ATP (400 nmol), ADP (400 nmol) or AMP
(400 nmol) was injected into the left lateral ventricle, respectively. The column graph (b) shows the
changes in T, at the peak-effect time (30 min) of the respective compounds. Experiments were
conducted at an ambient temperature of 5 °C. Each value represents the mean = SEM of T, or AT,.
Differences where p<0.01 (**) in AT, compared with aCSF were considered significant. Six animals
- were designated in each experimental group.
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Fig. 3. Effects of icv injection of 8-cyclopenthyltheophilline (CPT, 3 nmol) on icv injection of ADO-
and ATP-induced hypothermia in hamsters. The plots (a) show the time-related of changes in T,
after icv injection of drugs. ACSF, ADO (400 nmol) or ATP (400 nmol) or was injected into the left
lateral ventricle, respectively. CPT (3 nmol) was concomitantly injected into the left lateral ventricle
with either ADO or ATP. The column graph (b) shows the changes in T, at the peak-effect time of
the respective compounds. Experiments were conducted at an ambient temperature of 5 °C. Each
value represents the mean + SEM of T,. Differences where p<0.01 (**) in T, compared with aCSF
were considered significant. Six animals were designated in each experimental group.
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Fig. 4. Time-related in T, at different phases of a typical hibernation cycle in hamsters. Experiments
were conducted at an ambient temperature of 5 °C.
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Fig. 5. Effects of CPT and 3,7-dimethl-1-proprargylzanthine (DMPX) on the T, in hibernating
hamsters. In this experiment, hamsters which had completed more than the third hibernation cycle
were used. ACSFE, CPT (3 nmol) or DMPX (3 nmol) microinjected into the left lateral ventricle 17
and 30 hr after hibernation onset, respectively. Experiments were conducted at an ambient temperature
of 5 °C. Each value represents the mean + SEM of T,. Six animals were designated in each
experimental group. '

Table 1. Time-related validity of CPT in T, elevation of hibernating hamsters

Injection time 17 hr 27hr 28 hr 29 hr 30 hr

Percentage of arousal 100% (6/6) 67 % (4/6) 33%(2/6) 17%(1/6) 0% (0/6)

In this experiment, hamsters which had completed more than the third hibernation cycle were used. CPT (3
nmol) microinjected into the left lateral ventricle 17, 27, 28, 29 and 30 br after hibernation onset, respectively.
Experiments were conducted at an ambient temperature of 5 °C. Each value represents percentage of
arousal hamsters at each time point. ‘



INETOTHEELNBRMNC L VKIREAMORRBRTRICT T /> VAIRBRENT D
FIRT 5 ) U RNEERBEER T I ENRRI N, FIT. ZOHREEENICE
HIZ2EHPTEXT—VRBIZHERTHY T/ 88, BRUTTFT /2 Al ZREKRD
BmaxfHZE L 2 H Nz, BERE 1y ARORARBITHAHRKRTHR YT /L a83a> ho—
VA & L CHBR IR Shish o 72(Fig. 6. —HA. 75/ > > Al ZEFERIa > b
O—)UE & B L THERISHEML TWFg 7). ZORBRNS. KIRNOERERELTTY S
J T BRI EED S DI ZEAR D up-regulation BNERDOTIIRWMEEZ SN
- » | , , .

BANTH KB TR 10 RIS ORRICBVWTT T /2> Al ZBAKRO Bmax HIZEE
KBADL TV, Ruiz5 R T 7/ 2 D AISBEENEREDFEEEITFEIND LK LOZE
HOHREANEIT UHRRE LOZEEEMIE AT 5 internalization W I B T E2HEL T
W3, Ld->T, BAMOTYF /22 Al ZEKD Bmax DI Al ZBEEPEREDY
F) U UCBENRERERRLTWSBDEEZSNS, ThbE, BAMOKR FRIH
W75 ROBEHLICEVEREINTNS Z ENEMT SN, FIE TERLBA10BREI® D
RAKRBIDTT /L ERBIIOVWTIE, HEMICER TIRRWASEINMERED Shiz. 7
FIUERNFORBAOL TN ZE2HbETEAD L. KRMAMNICIIEL WELEY
T/ EROEMAH oL bOLHEREIND, Thbb, BMRBELT TR T/ > >
SRIEIEMLAENI ENS, MIlRNT T/ 2 O SBOEMMLEABITTA NI T —ER>T
WS AT REHEATRIE X N,

_ 044 I I
<
©
°
o 0.3- l
£
S
-

£ o2 I T T
.
3
g 0.1
©
<

0

Normal Cold 10 17 30
exporsure

‘Time after hibernation onset (hr)

Fig. 6. Changes in adenosine contents on hypothalamus in cold exposure (for one month) and
hibernation (10, 17 and 30 hr after hibernation onset) in hamsters. Experiments were conducted
at an ambient temperature of 5 °C. Each column represents the mean + SEM of adenosine contents

_ in the hypothalamus. Six animals were designated in each experimental group.
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Fig. 7. Changes in Bmax of adenosine A1 receptor on hypothalamus in the cold exposure (for one
month), hibernation (10, 17 and 30 hr after hibernation onset) and post-hibernation (0 and 5
hr after hibernation end). Experiments were conducted at an ambient temperature of 5 °C. Each
column represents the mean + SEM. of Bmax of adenosine Al receptor in the hypothalamus.
Differences where p<0.05 (*), p<0.01 (**) compared with normal values were considered significant.
Six animals were designated in each experimental group.
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Table 2. Changes in AT, following independent CHA (0.3 nmol) microinjections into the preoptic
area (PO), anterior hypothalamus (AH), dorsomedial hypothalamus (DMH), ventromedial
hypothalamus (VMH), lateral hypothalamus (ILH) and posterior hypothalamus (PH) of

hamsters.

Regions AT, n Regions AT, n
PO -2.31+0.73" 6 VYMH -0.69 +0.44 6
AH -7.37+0.92"# 6 LH -0.11+0.05 6

DMH -0.92+0.32" 6 PH 278+0.55" 6

Each value represents the mean + SEM of AT,. The respective valuses of AT, were measured at peak-time
after CHA injection. Experiments were conducted at an ambient temperature of 5 °C. Statistical analysis
was performed by Kruskal-Wallis test followed with Mann-Whitney U-test compared with the respective
groups microinjected with aCSF alone (*: p<0.05 and **: p<0.01), and differences where p<0.05 (*) between
CHA-sensitive sites verified with the one-way ANOVA followed by the Sheffe’s post hoc test were considered
significant.
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Fig. 8. Time-related hypothermic effects of icv CHA (opened symbols) or aCSF (closed circle at 5 C
) in hamsters exposed to different ambient temperatures (25 °C: triangle; 15 °C: rhombus; 5
°C: circle). ACSF or CHA (0.5 nmol) was injected into the left lateral ventricle, respectively.
Decreases in T, are expressed as the mean = SEM. The T, values until 360 min (at 25 °C) and until
450 min (15 “C) were significantly lower than those of the aCSF-injected group from 30 min after
CHA injection. However, the T, (at 5 °C) values were always significantly lower than those of the
aCSF-injected group 30 min after CHA microinjection. Six animals were designated in each
experimental group. The T, values of the CHA-microinjected groups at different ambient temperatures
were compared with the aCSF group by repeated measures two-way ANOVA, followed by post hoc

 test (Dunnett test). The T, values within each group were statistically analyzed by repeated measures
one-way ANOVA, followed by post hoc test (Dunnett test) compared with the value obtained at
time O.
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Fig. 9. Effects of B-endorphin (§-End) Methionine-enkephalin (Met-Enk) and Dynorphin A (Dyn) on
the T, in hamsters. The plots (a) show the time-related changes in T, after icv injection of B-End,
Met-Enk or Dyn. ACSF, $-End (0.1 nmol), Met-Enk (10 nmol) or Dan(IO nmol) was injected into
the left lateral ventriélé, respectively. The column graph (b) shows the changes in T, at the peak-
effect time (30 min) of the respective compounds. Experiments were conducted at an ambient
temperature of 5 °C. Each value represents the mean + SEM of AT,. Differences where p<0.01 (**)
in AT, were considered significant. Six animals were designated in each experimental group.
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Table 3. Time-related validity of naloxone in T, elevation of hibernating hamsters

Injection time 17 hr 27hr 28 hr 29hr 30 hr

Percentage of arousal 0% 0/ 6) 0% (0/6) 17% (1/6) 67 %(4/6) 100 % (6 / 6)

In this experiment, hamsters which had completed more than the third hibernation cycle were used. Naloxone
(10 nmol) microinjected into the left lateral ventricle 17, 27, 28, 29 and 30 hr after hibernation onset,
respectively. Experiments were conducted at an ambient temperature of 5 °C. Each value represents

percentage of arousal hamsters at each time point.
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Fig. 10. Effects of opioid receptor antagonist on the T, during maintenance phase of hibernating
hamsters. In this experiment, hamsters which had completed more than the third hibernation cycle
were used. Naloxonazine (10 nmovl), naltrindole (10 nmol) or Nor-BNI (10 nmol) microinjected
into the left lateral ventricle 30 hr after hibernation onset, respectively. Experiments were conducted
at an ambient temperature of 5 °C. Each value repré-sents the mean = SEM of T,. Six animals were
designated in each experimental group.
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EZAT. NLAY—12EDF > EETIIRMBRORS RER BB X555 X
BPEAWITINZ T, BRI &k (brown adipose tissue: BAT) THFEANTTHET D Z EBA 5N T
V59, ZIT, KBNS OREHICWTNOREEEENEEG T 50 %, BATH, EREPK
THHERTEHOMIRE. KR BLIUOFTHEZRET 2 Z LKV L = Fig.12iZRL
& Dz, KEMNS OREER, T BATIRO EANEHEI N, %hb:%l%%ﬁ%ﬂiﬁmiﬁlﬁ\ iR
DIETRE LAVSHERI N, i EEAHICIZS S A BEADIEETHSTHEDEMI
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Fig. 11. Effects of anti-TRH antibody on tactile stimulation-induced T, increases in hibernating
hamsters. In this experiment, hamsters which had completed more than the third hibernation cycle
were used. Tactile stimulation was delivered to hamsters 35 hr after hibernation onset. Anti-TRH
antibody (10ul) was microinjected into left lateral ventricle 5 hr before tactile stimulation at an
ambient temperature of 5°C. Although no effect was elicited with icv injection of antibody vehicle
0.01 M phosphate buffered saline containing 0.1% sodium azide, 0.2% gelatin (data is not shown).
Each value represents the mean = SEM of T,. Six animals were designated in each experimental

.group.

Temperature (C)

Fig. 12. The relationship of changes in T\, brain tenperature or intrascupular brown adipose
temperature (Tg,r) with time (hr) after tactile stimulation in hibernating hamster. Experiments

10 20 30 35 40 50
Time after hibernation onset (hr)

407 o BAT temperature

A Brain temperature
354 = Body temperature

0 T L] ¥
0 1 2 3

Time after tactile stimulation (hr)

were conducted at an ambient temperature of 5 °C.
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HAINB oA HBH 10 CERBAH 20D SITHREOEMAIHEE S N/ (Fig. 13).
N5 OREEL DB OAER FRIL. £9 BAT TEA X hs SRR I N BRI & 05
EZ2ED, MKRBERONEENERTSZETEBRHIIRBIDSDIZAAEENILIZMbSZ &
LEDEREhDHOEFBEIND,

40 120
o Body temperature
35 - } Locomotor activity
- 30 1 - 90
z
- 25 =
£ ¢
= 201 -60 S
£
15 1 3
S
10 4 - 30
0 —- 0
0 1 2

Time after tactile stimulation (hr)

Fig. 13. The relationship of changes in T, or locomotor activity with time (hr) after tactile stimulation
in hibernating hamster. Experiments were conducted at an ambient temperature of 5 °C.

3—2. TRHO&EE A3

INFETIT, N TTREYERES 2 Z LI L VKBNS ORENERLEIND Z &, BLUHE
FRF OBMEAITIIBATVWEBERHRBE LU THEEL THE ZEEHSMI L. TITEEDS
I3, TRHDSBAT IZRBITDREAZTIET INENITDNTREIT L7z, Fig. 4 TRLUELS I,
TRH Z IR ZEMNR 59 5 L BATIRIZERRICHETL TER L, BATIRO LRIZERRDO LR &
DHPEETHo . ZOHRELD., TRHIZBAT B DHELZETIET 3 Z EARB I N,
Z ZTKRIZ. TRHOAKR EREABEEICOW TR 2ED 2. BATIIEBOE2~E 558 (Th
2~5) DR SNIRBHBRRVBEIIHHL TSI L ORBHREIEEZIT TS
ENHLENTNSE®, 25T, FRRIBRIVE ORI I—RHAMO0=22 (Ty) ©FOF 2 (Te)
ABATH DUCP mRNAZ HMNE 5 = &b 5 FRIERVE M IC L BHBE D2 TNB EEAS
N %9,z Z TTRHOKE EEERRHREREFIVESROVWTNEZN LU TREL TWE 0%,
RBAFYRE, MEFHFRBINVECOEERITD ZEICKDMREF Lz, Fig. 15 TRLEX
12, TRHIZ & 5 BATIR ERIIBATICHRH L TV A RRMERBHEZIRT D EIREDERI
PHE N 7=(Fig. 15). ¥£7z. TRHZHIREENR S L THIME T T BICEIZRD S zho iz
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Fig.i4. Tiine-related hyperthermic effects of icv injection with TRH (closed symbols) or aCSF (open
symbols) on réctal temperature (Tec; squares in a) and T,y (circles in b) in isoflurane-
anesthetized hamsters. ACSF or TRH (552 pmol) was injected into the left lateral ventricle,

| respectively. Experiments were conducted at an ambient temperature of 23 °C. Values of T, and
Tisar represent the respective mean + SEM. Differences where p<0.01 (**) in ATpar or AT, compared
with the value obtained at time 0 were considered significant. Six animals were designated in each

experimental group.

(@) (b)

1.0 - L. %% 1.0 -
|
—_ 0'8 -f —l_ 0-8 )
8 . —
5067 T£0.6 1 -
» | | o ¥ .
0.4 1 . _ 0.4 1 _— _*
T
0.2 T 0.2 1
: suil— e
Intact denervated Intact denervated
aCSF TRH aCSF TRH - aCSF TRH aCSF TRH

Fig. 15. Effects of bilateral denervations of the IBAT-innervating nervous system on the maximal
changes in Tp,r (ATgar in a) and T, (AT, in b) on icv injection of TRH in isoflurane-
anesthetized hamsters. ACSF or TRH (552 pmol) was injected into the left lateral ventricle,
respectively. The peak time of maximal change of ATz, and AT, were 30 and 40 min after TRH
injection, respectively. Experiments were conducted at an ambient temperature of 23 “C. Each column
represents the mean + SEM of either ATpr or AT,.. Differences where p<0.05 (*), p<0.01 (**) in
AT or AT, were considered significant. Six animals were designated in each experimental group.
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Fig. 16. Time-related changes in serum triiodotyronine (T;, a) or tyrosine (T, b) after icv injection of
TRH in isoflurane-anesthetized hamsters. TRH (552 pmol) was inj ected into the left lateral
ventricle. Experiments were conducted at an ambient temperature of 23 °C. Each value represents
the mean + SEM of T; or T, in serum. Six animals were designated in each experimental group.

(@) (b)

1.0 *% 054 *
T T i
0.8 T 0.4
o %) ,
. 0.6 8 0.31
|—§ H T
< 0.41 < 0.2
0.21 T 01
0 i | 0 l [ [ -j
-0.21 -0.11
R1 R2 . R1 R2 R1 R2 . R1 R2
anti- anti- vehicle anti. anti- anti- anti- Vehicle anti- anti-
body body body body body body body body
aCSF TRH aCSF TRH

Fig. 17. Effects of anti-TRH-R1 and anti-TRH-R2 antibodies on AT ;,r (a) and AT .. (b) with icv
injection of TRH in isoflurane-anesthetized hamsters. Vehicle, anti-TRH-R1 (dilution; 1:10 in
aCSF), anti-TRH-R?2 (dilution; 1:10 in aCSF) or TRH (552 pmol) was injected into the left lateral
ventricle, respectively. Both antibosiies were injected 30 min before icv TRH. ATgsr and AT, were
respectively measured at 30 and 40 min after TRH injection. Experiments were conducted at an
ambient temperature of 23 “C. Each column represents the mean = SEM of ATz or AT,...
Differences where p<0.05 (*) in AT, or AT, between TRH-injected and antibody-pretreated
groups were considered significant. Six animals were designated in each experimental group.
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(Fig. 1) 2N 5 DR KD, MANREICIVEREINS TRH DFE EFIZ. SIVECRTIRAR
SRBHRERENLTREL TR BDEEZ SN, .

TRH Z& K13 type-1 (TRH-R1) &type-2 (TRH-R2) D2 D0OH T ¥ A FITHBEN 58, ik
£, TRH-R1 449, TRH-R2 #5050& H{T /O —Z 27 3N, TORHMBHESNIZ-> 7‘:; TRH-
RIXTEABLIVHER T HEEOFRERERICHEBNLE 2L THED, TRH-R2IZTEEIC
BAMETHRRECRET S 2 EMHEIN TS, FZ TTRHOFE EREEANVWT IO
SREYTIATEN LU TREL TOWENZTRHOB RN S ZHEL > 2B RIBROZIEEK
PR —2 KB % AW THRE L 7z, Fig. 17 TR U /2 & 5 I TRH D4R EFEAIZH TRE-R1
PURICE DS SN, FITRH-R2FIATREEZZ TN oz, ZORKBRMNS. TRH OEKRE
FYEHIXTRH-RI 2 L TRBT 5 Z LAVRB I N, £ ERTIRRWABHITRH-RI HiKD
B 5 TBATIESODT NI THELZZENS, ERKFOKEFLIC TRH-R] 24 L 7= HiR
TRHOBE L TW3 Z LRI NS,

RICEF ST, TRHOMKE EFIERICB T SMNERBAMAZMER Lz, TRH %, DMH. PO,
AH. VMHNEEANHEREG T 5 & BATIR LHFNBRENA, LH. PHANOHS TIIBRRE
N72n o J=(Table 4). BAT B EFNBREN/HAOF TH PO, DMH TII D TRH &3Z M
MLV HREZBE LENSEREINZ, Lzdi> T, TRH QAR _EF/ERHAIE DMH. PO %
b & L NEIBR FECH 5 & LRI S N/, PO, AH. DMH. VMH % & MK T Eb e

Table 4. Changes in T,y and T, following TRH (552 pmeol) microinjections into the hypothalamic
nucleus of isoflurane-anesthetized hamsters.

Brain ATiar AT, n
region aCSF TRH aCSF TRH
PO 0.03 £0.06 0.60 £ 0.06™ # + 0.00+ 0.00 0.29 £0.06™ 6
AH 0.02 +0.05 0.34 £ 0.03" 0.00 £0.00 0.19 £ 0.060"* 6
VMH 0.01+0.04 0.25+0.03" 0.00 +£0.00 0.22 £0.03™ 9
DMH 0.02+0.05 0.68 + 0.07* #+ 0.00 £0.00 0.34 £0.07* 6
LH 0.02£0.04 0.03+£0.02 0.00 £ 0.00 0.01 £0.01 10

PH 0.03 +0.06 | 0.02 £ 0.02 0.00 £0.00 0.01 +0.01 6

Each value represents the mean + SEM of AT, or AT,... The respective valuses of AT, and AT, were
measured at 30 and 40 min after TRH injection. Experiments were conducted at an ambient temperature of
23°C. Statistical analysis was performed by Kruskal-Wallis test followed with Mann-Whitney U-test
compared with the respective groups microinjected with aCSF alone (*: p<0.05 and **: p<0.01). As for the
TRH-sensitive sites, differences where p<0.01 (*; compared with AT, for AH) and p<0.01 (**; compared
with ATar for VMH) were considered significant when verified with the one-way ANOVA followed by
the Sheffe’s post hoc test between any 2 sites.
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BOEHL, U IR E DBATOEEANTIE SN D Z EMNHE T T 552535459,
¥7=38 513, PO/AHR 51 AEAIZ TRH 2 BRIKBIRIME RG9S L. cold-sensitive neurons 4%
FEMIL XN, warm-sensitive neurons IZHHI TN B Z &2 W|EL TS, Lizh->T, TRHIZ
PO. AH. DMH. VMH IZ#EfE L TV 5 thermo-sensitive neurons DIEHEE B EIH S I LIZKD
BATR B SBELETIEEZERTHDDEEZSND, E 5T, Hever 513PO. BXUDMHIZ
BEE O TRH-RI mRNAMHBE L TWD Z &, BLUTRH-R2mRNA BEHTERNI & 2H
&L THO, TRHOKE ERICHET 2 2E6T T 51 7O b, BERZEEBRICBIS
BREZHTA2DOTHDEEALND,

BESLUSROBYE

PLEQHIRE D, NARY — DA, BAMZTF ) >0 AIZERENLERRT T >
SR MBI A YA RERGEN U RRAEA 1 KRR, BB TRH-RI Z&ET L
7= #1HR TRH % &0 S LIREFIC R R iR EHIC K D H S h TVu s LR h 5,
BaiZ ML RICE > TEIBRED 57N I INF 1 ROBIT 52 EELSZTANS
NTWBH, ZOXMLVRRERLEZNVIINFIA REENS Y5/ 3 A1 SREEK
MEGBEVNIHEND D, LMo TRIBEOEFERETH DTS5 /22 Al ZBEED up-
regulation 12, BHMIRER A MLV AKERNBEIND Z LI THERFEEI NSV aa)
FaA REBHEL TWB TR BEL SNB D, LREZILILF AL K EOBEREER
LTWKFPETH D, £/, AZTIEEEHL oz KIEGEARE 28T L THS EK9E
DREEAEERI(17:00~ 9S00 DRI K IR E BRT 5 2 Eh 5. KEIANOF — 74 7>
U RN EEHRERICH D Z ENBREIND, BT« 72U XLEXET B YR O
HELT, SR FROBXR MRS N TS, ZORRT ERKICHR L TAREEHY X
LEWREEE U, STEWSEN, [TESREEN, GERRENTER S AV THREIED
TWL HETH 5,
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