19

AN TR (A 6Q A 1T
S| FHJY AT
3 Z Insulin %9 W3 —
QAN m st A Fad
P = =z = |
=Abstract=

Studies on the Physiology of Hibernation

—with particular reference to blood level of insulin—

Bok Soon Kang and Doo Hee Kang

Department of Physiology, Yonsei University College of Medicine

Physiological changes in hibernating animals (Manchurian Chipmunk and Hamster) were studied

during various phases of the hibernation.

The results obtained are summarized as follows.

1. Rectal temperature was declined markedly during hibernation, whereas it remained constant even

in exposure of the animals to 0 C environment if the animals were not prepared for hibernation. As

body temperature was lowered, heart rate was also markedly reduced as well as respiration and blood

pressure.

2. The electrical activity recorded from cortical structure was characterized by replacement of fast

wave activity by slow wave activity as body temperature was lowered and became flat at body tem- -

perature below 20C.

3. Blood glucose level showed no clear seasonal variations.

However, the glycogen contents of the

liver were markedly greater during the cold seasons than during the warm seasons.

4. Blood levels of insulin showed no clear seasonal variations.
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Aoz AelARE Al nR A%
o 4% VPEHlD]-. Fd Tel A7kl KA ES S
2 A 2t (Kayser, 1961) S5
Fobrlel o) 2 Qo438 zE, AxAA
A 24, aela W2 A 54 A hormoned] Ew)
7t AL AR el Solkrbm 2ek(Cushing s, 1945;
Hoffman’s, 1958; Nelson, 1936). 2#v W] A%
FAAE 412 zona glomerulosa, ¥4, 183
A% beta celle] Rol7 %5 ThE g Aol w3
o 7%5e] Bars) $AAx dekn deh(Hoffman,
1958).
FAA2F A%
Aol 7T~100.% i
2 o]51.(Svihla,

).

Fol 1 w2 200~4000] 9wl
TE i d3PER
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1/3002 7+4-%v}(Landau, 1958).
FAALE BN Ee Asherde vd, 23
e, AN A, AT AEAe] et

I gl S mA R Aejxctx e} (Svihla, 1958).

o Abell 4] E=3hwhel o] FHEELE FANLT X2
E AAANY AL Hagen AL
Aol A agt HEu Y FFakS AL E4Alvlaz
A ARE FAT Qvte A4L A8 ATE 4
Sty ofn] FEEe] glo} AA Ao w Fg o] of
w3 ke Al FARE o iE 4+ g A4
QA6 AstelE olAR Au ol delleh el
EAZAAE FRAZDS 0 TR LT AL A
Wl A4 Aol %4 hormonedl insuling] FAFE, o
222 %, 22 glycogenE- = v meh=
2A A Bulsb Fole] AlgFdA 2 ddE 4
Satel Fels] $lete] B el Fstgeh

A4

. £

1. ¥ =

7t MFe|Frog): =) 54U Ao e FUE Xt
dlA Z33 A% <F 50gm ‘HS’—]—‘% A ¥ (Rana tem-
poralia) & A7 sk T4 A nEHEA 4
el ALty

L} CHEMF(Chipmunk) @ o] 546 ZUE Al A
gk v} ak4 (Manchurian Chlpmunk) ® dzTe 4.

25°Cel @A zelxm ’”fé:?‘% Atz A
S8l 4 Agel ALtk )

Ch. Hamster: kb7t &ddT49 S 2AdelA T
53k hamster® W 2T-& A-£o] 25°Cal AF@ A 2
13 A2 ddA st e JaAHgel AgsaL
23e A9 sltgl et

2. Agdy

b HE, BE84 Aus, HY ¥ Hmol &3

o}z 9 hamster® 0°C2 233 W54 i3k
Aol TR xEAA QFTHo FRE HEAR o
gaolA FdA, F2F zelz FANA Aol

AL, TE4, S, ¢ 2o Hate] dslek
A& Aslg o

A-22] &332 telethermometer o] 25 teletherm-
ometer probe(Yellow .Spring A ALE AW Abg
st} L2 43 F AA telethermometerdl] A

A % Jdovh ZEANE
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I gz o] ¥ S

el AT AT—

rks Electronic Laboratory#] )& &3 F8¢] zlole]
29 A A3 E strain gauge plethy-
smograph7} 7R 5le FAEE FE5ITA-L polygraph
{Grass Model DA¢] 7) &8t 559 kA8 ZA3)
ﬁ"]‘(’ﬂ 15). Awned 232492589 934
S8 Aoll AFE FAAALEE A 2 /%) o] A
& polygraphe] A%t AAEE B8tz Rt
< FAsY QED A ARSIt
FA AR ASA A48 wsAdE v wdst
At 2E). Hste] 2A L 345 & ether® A3
st ghe] X4 driller® vhekF S FA Fe T4
F3L o] o] F9-E 5319 needle electroded I3
T3 2~34 7 Ag e Bastd g8 AHIF A
2% 232 polygraph(Grass Model 7)2] EEG channel
of dAste] i8] Wzl sty
dole] 2R Bgd s meld FREFALE 4
gk o}# A9} microphoned ksl AL ThEH o
Zle] 200mmHgs) & sletd FAERE A
74 A7 microphonee] Tt}

l—:i

7 me]¢] Korotokov soundd 7+A 8t FA=E P9
4 polygraphel Brlstd &g 2Rt
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kgt FaAlul e Aut FAsg e AdAez
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L ®U M energydel EH

L 9zzEg y5d 24

ATe], v+23 2] T hamsterd] Aoz HE] A
o2 AAAAY o e APYEF Folin © Wusld] =}
W] (Nelper, 1963)¢l] F3l¢] L4 A|A spectrophotemeter
(Bausch and Lomb spectronic 2002 =} 420 my ol A
8 Az g A5t 3PS sty

ii. 2234 glycogendt 4] A |

2340 glycogerd] g AT, vhti zelx
hamsterel] A 7+A4-4 &5t} 4] <F 100 mgH torsion
balance2 ¥ %3t} 30% KOHd| ¥ 20~30% 54
o 24 %Ads £3A7] 3 NagSOE 7hate] v
A& A A &FE Nelson-Somogyi(Hawk%, 1954)¢] ¥
o] we}l WA A 7A spectrophotemeter(Patsch and Lemb
spectronic 2004t A shA 490 mpd| A8 HLEE &
A8 AW glycogentreh-g Bl vt

i, ¥% insulinyEe] &7 @

ATE, vz 28]l hamsterd] A heparino. 2

¢] immunoassayql o] F3le] @A insuliny =

ahgieh,
5. Mgy

Jh CHEHEOIA SHA, SHE Ig|n SHUlM W
of mio] R, Aus Oein S&s|5e Mat
Emo 29 ojge] Fuld vizlE 0°CR =4d
Y EA FA43] 28744 ALy &7, A%
49 w93 9 2§35 s A 3xd 2AY
afo} et
F A =254 dEF Y ALeEE FTd
o] 36~38°CE FAS L gglom TP 7
Jned AFLEE iAoz 10354 I°CAE
2 sAggzm ARLES 20°CAA S3EA sHd
dad e Ad A SHd EeigAS 2 4z
oz o|gild HALEE FHAAY 2xuv
1°CHt & AxAA s3etgd et
22 Elo = olgstd AFLEA 10°CAHA 3
A% Aol A =y Tty AAe ALE

% 23

@

2o
I
%5 polyethylene tube(TE) F-& FAZA A2 gFge dle EdaA A Aol & dgevt A
5 needle(that7] 9} hamster) 2 A A& A A AL B 1~2°CAA S AAL BBAY FSde F
ARz YALA LR BA4E B2l 5l Gerols (1960D ol A Aol b Zata ARagrk. oldl e F
% 5] 47 72
» +— y
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Wo e Agle] Fuj=EA e vraAdAE
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PR A FEEAAA =F ]?] "43]--‘::— A
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©ko}
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373l
3l ’5]7&—?:57]' 20°Col s}l A Z-59] shivering §lo]
Awol A% Hpsee Auss

Al ahed 1/3~1/52 Boizlen
S AFLEF 10°CHA S3aE A v
Aol 36352 Fol ek

Gl 22U TRk FHLEE B4 A 5
A4 Aok ARLEA A5gel wut Auksr A

AUFANE AXDE ¢ 4 Ak BFAF 4

AAeEe s vldel sstden AAewst

20°C ol BEs 4 VEF 8HALE Sra

4] ZE 4 10036 sl 1/5 2 zhadlglod

AALE7} 10°C 2 8439 &el 5F 5L L3 3
A A2 =38"C

AA Aol e 4

B. A&

SFE FAL Avolgled, AFLE

o 3EA4E AA8 b sgend

o] H8Q A dalel BFA% 3% A
3-

Lh CHEFOAN SHE, SHE
Mol mo| xlme| st

a4 JFLEs} 38°Cel o] &
g Hste depiged@ 4 A) eiRAel =%
AA AALES 26°C 2 835+ 49 ¥ 51 low am-
plitude ¢} spike & §A she] w8} A7kl FAHE ¥
o = SARYRGE 4R B gRoR odde
AZeE] 20°Celi A Hste s FARAA AY
39 ArlAQ e ehda dgstGl 42 O, %
oz o|gsld AFLEs}t 10°C R F3P L= ¥
sHe] moke AALws 20°C e 9 2ok e (Al 4 &,
D) SR A Aol JAerst ASsha A9
F3 4% A4 5)He] Hi FHgAE
As B A AR AL d 5 9
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FEel Adgde AndAL Ogs =ed £F
o w2} 2 AF-¢ microphone o] ARz Aq}
g FHo] Tustnz veF S nembutal 2 7
sb3l st whlR FEAA dd =3As 0°CH 3
FAd gAY AL Wty WsE A% shy
of Al 1Ee A mEuke) el WA =FA A
A5 7l 37°Calsl +57) ¥l 140 mmHg 0] 2.
o @3S i =344 ALt A
o wet FgE AL s AFAL=Es) 25°C
2 3hEw e 64mmHe = A4Fe] 1/2% 873t

THo® oFse Agerq 200CAA Hoky
56 mmHg 2 A4kl 1/3 2 d743stglvh

H1m HEg2ze gote] st

Rectal Blood
Temperature (C) Pressure (mmHg)
37 140
35 140
31 120
29 100
27 80
25 64
23 56
20 56

2. A HE energy &

% gk W)
ko] W3l Al 2 Fell FEAgatel 7

H2my 8% ZxEe) B

Blood Glucose (mg2)
Month
Frog Chipmunk { Hamster
Jan. 32.7+4.5
Feb. 36.1%3.1
Mar. 27.24+4. 4
Apr. 39.342.2
May 26.5+3. 8
June 47.0£7.3
July 36.0+2.7
Aug. 35.847.7
Sept. 40.7+3.5 360433 40040
Oct. 37.6+5.7 30051 3161+45
Nov. 32.0%5.3 119431 202419
Dec. 22.4%3.6 182%16 201+£20
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o AT oA EFEEG ks uw g
A7 5L ot AAF A & 4 gk =2
27 1 hamster A= 9 Yol A 1 Q7R QF 25}
g sl kA FA G Eu sFEolA ALd Hel B
WA dF2EG Fe] sz d&E ¢ 5 YUl
ok AA A g7l A4Sk oh3# ) hamster 7} ]
8 olAega Ao Fuiddd EolslA ggrormz
FRE eFxeg 9L 435 Xk

ii. 74 glycogen F2ke] w3}

73 glycogen §H7k8] w3t Al 3 Jol] FAgpukel
2}, ATEANA AN glycogen §heke] AlA Al W
3% 29 g Ald et & A4 glycogen 3ol
Eqrt, B-dE 24 100em 3 Fste 7,000 mg
A% glycogen & T§ ;1-"' A9t shdelsdd gl-
ycogen &2k2 FA3] Z4sled 50mgeldtz =gl
v} %3} o} hamster o] A] 7‘1' 1 glycogen 8% BH 9
Aol A 124 Ateldl AAAQ 25 &+ gy, 7
T el xmel AW glycogen dhako] o %k%
2oy 4

H3E 2ZHEHH glycogen &2

Liver Glycogen (mg/100g tissue)
Month
Frog Chipmunk Hamster
Jan. 8, 720+870
Feb. 9, 500:+410
Mar. 6,500+410
Apr. 4904-113
May 58+ 5
June 20+ 4
July 26+ 1
Aug. 48+ 17
Sept. 250+101 | 2, 6504300 | 4, 2294350
Oct. 5,900+463 | 2, 5004280 | 3, 2004410
Nov. 7,3314850 | 2,600%310 | 3, 800-+361
Dec. 6,440+791 | 2, 173:£276 | 3, 5424-450.
iii. &% insulin 5 %¢] w3}
&% insulin 3 =¢8] w8okAr& Al 4 Fol] FA]ghukot

7ol 7N Te], ©hubzl 1E] 2 hamster of 4] B3 A4
A9l AE ol ¥ & 9lglvh vhah# ok hamster off
A % insulin 2 F93 A 35 2y Ed
ATel & v3# v hamster o] v]dle 2 A E H2 3k
£ ue F9+
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SH4AE HS insulin—lg.‘_;_ (xu/ml blood)

Month " F rog - Chipmunk Ham;tér
Jan. 55 | 20 20
Feb. 60
Mar. 47
Apr. 33
May 57
June 51
July. —

Aug. 74

Sept. 79 22 31

Qct. — 21 26

Nov. — 2J 22

Dec. 20 20
4. 1 &

% wEEs] sk
g a3 5%_91 ks %x‘};ﬁl;}. AW A3 energy &
2 ool st g B9l Fa & Al
hormone ¢] insulin &) W 3}ekA-& labs)
. B FAEES qdEdd =FAA
& RRAZ G A aA Y o] SR
PHgl e AALEE
gA 7 ek vl & AER ddelg o olsizte A
<

+ 52 FE4 %-11-01] WJrBH 0=
£ 3R g odEd AdgaEe %“91 A £ A 2
aZrd getd F4Ev FAATTA AGYae [
9] 48 A vty kgl PH(Kayser, 1961,

=8 kayser(1939)el] 510 R EEL sHgel 5
2etA el slAld &3 =)< 4 Ak (chemical heat produc-
tion)7]A o] R} A=l b+ oleigr AdAAAY
Za7t FREER J4F Fdd BelAA = 24
9 shist & Aelgtx shgleh ooz A4 &
A4z 458 Ao 2A ohgalst el
% shivering of] 813k A A 4te] ol FelAE AL B
o8 o] 5 Ead o AdAate] FAHA 4=
AdAE Agol A< shFetd 44225 20°CAAA
et FHo R ol sty

FRAE Av4E dleo] el we dAs

AL

= o
- 7AARS AR FEn F

% ZFoll wkel Aok glglent Al
Hom dPFakd 213 =& 2 ol3tE FelEvix
#v}+(Scomalanen, 1951), A8 732 2% (em-
peratare) /A ¥k<-(heart rate)4lel] 4] -] 20~15°C
7Ax GRS AR A AsE Addoz delar
%t} (Scomalanen, 19515 Lyman®, 1959). 3489.&
5 o5y Ex/Aug TAd AAFE & F 9o
th Al ge] 15°Cel stz shgshd Alubge] ghagp
A ol ARL FHEEAA T 4 AT F
o] gt & Abe] 2l gket(Dawe, 1955). Sul71z% Al
T8 AEE $EAeR Sapazle] 43Fs do
T2 agARE 5249 2k e ISt
rumwasser, 1959). EH AT ZF5IHFE d A8 Pk
FHa T8 2 apneart viepdwl® glow] ofF
¥ AR FHE T anoxiad] WAA HU FRWEE
& vl 5w 58l ulEle] anoxia Aulel 4} v A Fvle]
v} gtel(Hiestand, 1950).
FRAAFA HE AR A F st A ol
1743k whe) high-voltage 8] spike & low amplitude
g Hatz dale Aol 20°C R dolAd Hat= %
A5l 33 dch. A5y Chatfield(1951)% 8 &
57 19~21°C 2 §4705hd s = sl A A A
AL el gASE HA 2EE ASAATE
RA A4 244 = Jdegsz @ =23
Chatfield%-(1954)-2- & A] 5 5%2] limbic system 2 2}
I steed SHd 4 BREES del A & 4 4
D3 Ben) o) 7 4o WEe] ARE) afferent impulse
7} limbic syrtem ¢ 2 A=  Hojoknt Frkm Ik
AT FRE Sl W FE R Tl Eel
1A 2 AAdsd 5

=

ol

O

[s] \.
745 A =& energy level & FAF QAW 4
o Exoll A Aol FAs] ALdEd o)k YA
Foozm okl GE2HH 4AT AL AN

AA= 7] Aol 2F o] f5 = Aalsterl 2
olel g Ab4-& 24 glycogen ¥ A ASHA WFF
AE 78 8% =G AAAL S vladg
2 Aol T ne] FA &2 Ao nop AzA v
t} &3 1} hamster § A& 5 T2 R 7HEA A A
d AAEHA AA FEFQed AT AL 24
29 AARE & 4 dAw & o TAEA g5t
oln] w2 vl olv}(South, 1954).

o) Al A A& uks}; o) FTWARF AR ely-
cogen &4 F7t, 2F xR Z4, ¥
279 beta cell & 7ol FukslctE 4 Ax A&
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rz st g Abst Az B o] Fd Fesida
X hLormone 8] insulin$] VEFESE AP}
A4 A gE Qolh, ARPAE 2 insulin
A5 AFG FE o} & 4 ooy o
o] 19719 71.£9] o] A2t H A Fo] & A
= 2z ga = A28 A o] @ insulin 8] AelH
Ago] AL F3Y 4+ o AdAE Fv & A
ofH Afol] ALslddol & EAZ FAH
ATE e gle]lA insulin®] <] 7} hamster 1} T/]-E‘l'zﬂ
a s e AL FT EFY AN GPAA =
HA ZHEZA o] &3t
-8 FATE insulin ] assayel] 74X HL24 9= AL

5
o
T

[r>§'._&9>ir$.n

insulin ¢} immunoassay ‘5’3

A oy EAA] goemz 7 o]4E Feldlre |
A 2A B e
n. & =

FHEEAA FuAd, AL 2dm FRAA A

o =9 %ﬂ

energy 9]
ek

L EHe] &¥5A g TEANAE YA F
A3 2EATUHE JA LEL 36~38" 2 2519
L FREEY AALES 20°C AR ghgsle B
L2 oA AALEE 10°C oL 1745t sk

2. FREEY 5uA A, 5%34, ogan g
<k Az s ool F& shpsrd ok

3. gl FHoR olgHA HY ArlAdq FEE
b AEEE & 5 Qg

4. BT =79 %L JA A& Fite EAbelst
Mg}t k3 glycogen Tk A Tl A= A Al
H3E B o}ebA 9 hamster ol A& | o] B B
<+ gt

5. 8% insulin $X3& 7 78 7} ohek=] ok hamster o]
W3t & gd ngot AdAd Wi dqh

i &
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