A

TV

JOURNAL OF THE PHYSIOLOGICAL SOCIETY OF JAPAN

B E
MR S—ES « TEREIT X B F RPN S MER O TR

= =
FRMHETT, TR, e 2 AR« (AT Rl MIR B O I 4 Tl

OHNO, T., KURAHASHI, M. and KUROSHIMA, A. : Effect of cold acclimation
on changes in blood metabolites induced by high-fat diet

R4 e AT Gl SR (1)

H (B ch 2 ooy 2 ST oy (o I 2 s - o S PSSO
H52(E) A AT A TR B ABEILTIES L oiouiunsirisasenevessiiorTonsessonsnssensansaniinann 337
H520a] F AL SRR TR R
AEERESTEIC OWT (EHk B

EZIKiEEZ’E\]

J. Physiol. Soc. Japan




{

!
it
It

l|' .

i

|

""I.l‘n‘:’:mnu
iy,
ll"‘

ikt

FyYay3y b T.D 967394
Donryu-rat T.D 905227

5 + Donryu

® B

(IRSEAME N L CEREE2 AT,

(QJBJE, REARKF, AEES.
(3N4:A#I 4 H TL%E, Skin Graft =,

(4)meit, %36, 3E, WM E DM,
IE{AVwWLNET,

Donryu Rats 2/E ) i L 22 HAE KD

Conventional Rats H:BEEF] % — % —

TT. SEEBEROBRICD2LED

B-HebhmETa2L5% w2l

23,

HERE—(Donryu) {(Wistar) (Buffalo )
HEX S v b (%)

WERHEIMTHIREE608—3
TEL.(0488) 61— 6850 * 6401




$53E A L B A RASWHEHAME

CZOMWERALEZVWTTFXL
|

F1 I TBBTEw

RARHER O BRI E O TR OHE &

A

 OWE K4 (TR R CEATEY

(kR




w

EJ'!

PEEROEES

i a T L, 47 (3FFEF) Mo, ENThoOMNICESED LD
I LTTFE G, A 800 FLIRICEA L TFRE VY,
AHEARREMOE—FRICHECTT S,

B O D FNA—HEOLFRERL L 25/, TORAFO X2, M¥EMAWT
RRILTTF &V,

P ECCTEL L&, HE K4, PTBOMEIMXTY 47 L, AUWICHH TR
X4 TTHRE, K4, B BEBEZHD) 2EBOTHDEILHED TTFEv, KX
Y VI AR—Z2T IS0 BRI LTTFE v,

e E RS IEARFIS1E 1 B3R & THRIRIIT I < LD ISE - TTFE

GGEAFD

W URRIGIC X B OMIERET B B BRI A OB A = A NIZD

et

VA AR, Ik =

DU e | R - K R, AR - SURBEK B A )

N FHEE « BB X OZOMOBEE (7)) vy FER) XV 2EBRFICBY

3L i T, WHEIC 2 XL 2 AN EHKE (Waiting state : W) L7z e
BRFEEORY &

T 980 flARHTEMET2—1

BUE RS R SRR RN

5308 AL HF A KA Y BHE
2T (0222) 74-1111
PRI 450 » 453 ¢ 463



$53E B FEBRSAESURERAE

CO)ﬁ]LiEE}\E/f&V‘TTéU\ ﬁﬁ{’ﬁﬁk@%ﬁﬁk&%ﬁ@ r?)ﬁ)ﬁiﬁ%@%‘é%
j Fi BELTBBETEw

A

WO - K4 (DUR) RS TRATSC  GREMD)




wd

(READ

WEEROBEH

BRATILTHC L Sk, 47 (5RFD) 2, ZNZNOMAIIBEE5ED
TLTF &, AT 600 ELIMIZERALTTFE L,

NEE A RO BRI ECTFE L,

BB 5 H 1 F—HEOHFRES L 5 5B A1, FORAMIOL 512, ¥aHvT
KRILTTFEL

BRAKLTR L 2, Wl KA, FBEOMEAXTY 4T L, AXRCHHTE
CHATTRE, K% FE WMEEHND) 2B THLRL LD TFE v, KX
EL L N Z2R— 2T I0 BRI LTTFE Y,

FhEREER L RRAIS 14 | B31H & CHBHHIN < £ )10 TFEV,

{ -

s URRIELS 5 2B EETEIC B 5 REFEOMEA B = A 0lco
o7

K g, ACHERT, SR

T Rk RIS - PR [ R ER L R kL AT

1 R

EN HE « BEBLIUOFOMEOBEE (VY » FE) XD AE3ERFICRBY

T T BHEID R X A ARLISEIRE (Waiting state : W) L7z Beeeeeeens
HEEROEY &

T 080 fliRilTEMRAT2—1

RALKFEEBEREHEN

#53[E] B A EHES RSN FRE
B (0222) 74-1111
PR 450 « 453 « 463



lieTNs 7, ZERN

Mmw & = 7
s 5 v F &k F
oL B &% 7

¥ b7 v KR TN

S

IS

S

& v 7 4+ & TN
ERE—FTrUEE
T v flE 7Y
gt A
AT vy oy FAE

N 7 v

€Y RREKRT NV

;1—277'4711“7‘_}1/
7

flideyr2xkTn

v K T N
hEe 1 ¥YrrTn
ISR e N Al
&8 —+7r
v Ty hMRTHN
e &+ x5 0
A S S
AT Ar=_, —kKy &

AT A47 537 AlE

i & ¥ B & #
H % & & #
fili & H H £ ¥ £ -
» B H & #
z B it
Al 93 2
= £93 ¥

25—-5171
25—-3922
62—6311
23—-6423
23-5131
61-6651
62—7111
22-9006
62—8811

63—-41091
21—4191
61—5711
27-6131
62—-1171
22-2072
21-6274
62—-8711
62—5711
62—8331
62—5411

25—5201
22—3301
27-2611
22-79109
22—4469
22—6345
22—6692

FR—TH
—&W=TA8
—FKBT4—-1—-7

HRTTH

FRR”ZTH2-10
" THS3- 18
AEZTH
F3¥—TH
EAE_TH

E 2B 2—14—23
$RET 2 — 5 — 6
k1 -4-25
FRUTHE1I0-11
KETZ”TEH
Ho—T B
AE1— 14—7
—%f2—-8—9
AHBT1 — 4 — 32
ES B3 —-2-—-3
AHET1 — 13—28

BT 1 — 8 — 17
E4SB3—-—9-6
E 483 —-10—-10

tE1—-14-5
HET4 —1— 3
L¥Er 2 — 7

$RET2 — 2 —19



CAAA:EEEE (1975) 37, 297-306)

ERESCLD7YFEREEMIROENRE 612.112.9 : 612.014.42

B OO — R (BRAFESIREAEYHE)
Changes of peripheral leukocyte-counts by electrically induced con-
vulsion in rabbits Keiichiro TOYOSAWA (Depariment of Veterinary Physiology, Fa-
culty of Agriculture, Tottori University, Japan)

Effects of electrically induced convulsion (EIC) in rabbits on peripheral leukocyte-count
levels were studied. (1) Leukocyte-counts increased immediately after the EIC (phase-1)

~ and 4 hours later (phase-2). In the examination of blood smear, phase-2 involved the
shift to the left in neutrophils., This biphasic curve also showed by administration of
convulsants. (2) Both phase-1 and the rise of transitory blood pressure disappeared by
muscle relaxation. (3) Immediately after EIC, the circulating blood volume was signifi-
cantly higher (about 7 %, P<(.001) and the hematocrit was also higher. (4) Phase-1 was
not affected by selective destruction of adrenergic nerve terminal with 6-hydroxy-
dopamine (6-OHDA), Although, phase-2 was diminished by treatment with both 6-OHDA
and reserpine. (5) An increase in leukocyte-counts occurred on the administration of
serum obtained from rabbit during phase-2.

These results seem to indicate that phase-1 occurs when circulating blood volume is
higher due to convulsive muscle construction and thereby marginated granulocytes
appear into the circulating blood. Also, it might be expected that phase-2 occurs chiefly
by mobilizing of leukocytes from the storage pool in the bone marrow into the circulating
blood by the humoral factor. (J. Physiol. Soc. Japan (1975) 37, 297-306)

key words : convulsion, erythrocyte-count, leukocyte-count, circulating blood volume.
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BRI P REERRSICX 2RI -
T, 2o MmIRBEERA BRI, FiC, B
Br@Egc, BRLKETIEEICEEOHEM
BR L. ZOBEREESO[QMEKELSHE,
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7z, 4RI AR b B0 B imEREL M
BrhoRERFIC X > THEEERR, FES—1
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I.® & %5 &

EREWIZ, HEI A VX 25kg RO D
OER. BEEoERIE, FREBRFHA
7z %, — ¥k Strychnine (fi3¢ 0.4 mg/kg
K TF), Bemegride (H i, 10 mg/kg #i),
Cardiazol (=3, 20 mg/kg #¥F) 3 & % Nike-
thamide (KHZA, 100 mg/kg i) oFEiC
o7z, BRI, vVVXEREEAIEL, a0
BIEKCE LY, TOWIH 05x1.0cm D
EIREmEFEEL, 80V, AC, 10secBETHE
L7z,

Bifnix, ¥XTHREABIRE D, @EIZREE
PrEEx, HiEEH» bIEK, BEDRVETEE
AT o 7. MEREOEEIL, BARMIRRER
BEABREFD AT oV a—NEBIWL, b—=
sHeEwi Ay, ReMEc SBsEEEL, £
BEE L - 7. mEHEHEELRE May-Giemsa
D2ELERKL, Bk H 4 L, Bk
200 %S EHE L. AmMEROERIT, LE
HIfEIC 3 2 BB TR L. MER, Z8%
BIREEF S VA a—F—BRALTA v IE
EAyiw) 57 Cisk BELE.

FRER MR B ORWE L, BT &ic 0.5 ml £ifn
L, acid-citrate-dextose TEEREFEHE, 5Cr
BLSoFT74Y b — 7HF%EF, NaCr0,)
% 504Ci fnz, EHexERL 7228 5 37°C 40

4y, incubate U, AFEE&HE K T, 3[EREIL
BEF L, TRERECHE L. Z 08fEC
FoT, UFIEKRI 7ry Mo kY 1004
F o & 543, 3500~5000 cpm D
FEiCRE SR, 2U Y MEORIER, VT
NIV v FU—Y s VEHERER (BARER) T XY
Foic. HRE OB T > MEE 5 HREIOFHE
eV, BRIREEFEHY L. MekEidi
BEX~< 27V v ME (%), MR, MK
B-MIRET, ThZh#BEL, MKEROZE
LEBRETRDb L.

~7 7Yy MEDHEIEIZIE, S 70Ty
M (12,0008, 54508) & Hvic. MRRE
FEORIEX, semi-micro osmometer (777
) ERvz.

iy DS {1 1, succinylcholinie chloride
(Zzp, 1mg/kg #E) X flaxedil (7
Efb#EE 1 mg/kg HiE) 2RV TT » .
Zh bR 0B SR, RONCREN
EEL, ThEAMLTATIRR Tk, &
RABIRERT Iz 13, 6-hydroxydopamine (Sigma,
6-OHDA, 50 mg/kg # 3) & reserpine (&
&, 2mg/kefil) ZHAVT.
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hTLsE, £< oBffHEic X > TEROYHR
B, kMR, 725U BB i
BIETEEB o TREh TE 2. L
L, ZhbDORERLLTFLI—EH L TE D
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BRRH

B, W bHEEMLZ2 (P<.05), EEgs
1EBEBEUETE, IR EEOE
otz (Fig. 1A, 10).

2. gk, BRESERIFEF 2,

SHRENCHT 8 U 7. #insix, BT
+45% THEE Th o7z (P<.01). ZoHIMmEKRD
WEIEE Y, 1Ef#cE, —18%% TR
HLi. LU, BE2IFEE» OFBUCEHL

XU, 3EERETIX, 10409 7 4] (+18%),
4 ppfEME <, 10609 845 (4-55%) 23, 3N
L, 4BEHOBMEIAET H - & (P01
(Fig. 1B).

3. BEESIC X ZHMKRESOEE) 2 &
%k, ERERICHPRERD > bYEERDS, EH
TEIT R TO0% b 3N L 7e. F7e, M4 W
H#% peak »5[MIMOMBE, HEHBH
B EHREROMEE TH Y, T ORHTI,
WIEERAI13% & 5 7z, & EXIBF 02.8%
CHRTELL S, U o sk, B
%, BRI L, Zh &S HpERED
WIRHR LR, ZOHELE, HBERBC
LB L TH bR, Altschule et alh 3,
COFEEIC oS ERIC X5 Y Lo SR B
3L LEHRL T3, BHIZEEED»
Lo ThAbND, FEBRNSERI RLE
WTWwBZ e, #ESh (Table 1).
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Fig. 1. Changes of erythrocyte-counts (A),
leukocyte-counts (B) and hematocrit value (C) by
electrxcally induced convulsion. The cell count

in the sample drawn 1mmedlately before treat-

ment is shown as the 0 %. Open circles represent
mean values obtained from 10 rabbits stimulated
electrically. Filled circles represent mean values
obtained from 10 untreated rabbits. Perpendicular
lines show standard error. ES; electrostimulation
80V, AC, 10 sec). ¥P< .05, **¥P<.01.

Table 1. Effects of electrically induced convulsion (EIC) on differential leukocyte count.
Values are means of 10 rabbits+SE
EIC
Specification Immediately
before after 1 2 3 4 5 7 Hr
Neutrophil non-fllamented 2.3x0.4 2.4x0.3 2.6:0.4 3.210.3 3.2+0.6 2.8£0.6 3.040.3 2.520.3
{Pseudo.) (%)
filamented [30.0%3.9  34.824.7  41.234.8  44.333.9  49.4%5.4  47.9%3.9  50.444.0  51,8%5.6
8 |Lymphocyte (#) 66.043.9  62,2¢3.1  54.8:5.1  51.64.4  46.34.7  44.7:3.8  46,243.8.  44,8%6.1
§ Eosinophil () ) 0 0.1 o 0 0.1 0 0
E Basophil (3) o 0 0 0 0.1 ) 0 0
Monocyte (%) 0.7 0.5 0.8 0.7 0.4 0.6 0.5 0.4
Neutrophil mnon-filamented | 1.240.5 2.640.4 3.5%0.7 6.8£0.7  1L.8x1.5  12.7:2.4  11.9%2.7 9.6£2.2
(Poevdod (8 mented |25.204.3  40.643.7  46.084.3  50.554.7  62.264.0  63.334.0  59.940.8  68.743.7
g Lymphocyte (3) 71.8£4,1  57.0%4.0  53.4%3.9  47.2%4.8  35.9%¢4.3  35.1%4.7  38.0%4.9  29.7#3.6
Ml Eosinophil (¥) 0.2 0 0.2 0.1 0.1 0.2 0.2 0
Basophil (%) 1.0%0.5 0.6 0.9 0.3 0.5 0.6 0.5 0.6
Monocyte (3) 1.4%0.3 1.5%0.6 1.3+0.4 1.040.2 1.040.3 0.5} 1.110.2 0.9
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W iz 1 4% B % ¥ [strychnine, cardiazol,
nikethamide 35 X (8 bemegride] %, #h ¥
h, ESRRET30LEIPORIEERE
L, £yic k 5EPBHER, Bk, UTERE
LRI RMAE L, BB X &R EMIL
BRENAR & HLERAT L 7.
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T+25%LL L DB E DM % b hiz (P<.05)
¥ 7, £Eipic ¥ B8 4 R B (nikethamide
Tk 5 E) i peak EFFOFE DMK
ENEBREBOES LRAKICA LR (PL.05)
(Fig. 2). —F, LRz, EHAZEZENLFE
vohirdrolc.
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Fig. 2. Changes of leukocyte counts induced

by convulsants. B ; bemegride (10 mg/kg, intra-
venously), C; cardiazol (20 mg/kg, intravenously)
N ; nikethamide (100 mg/kg, intravenously), S ;
strychnine (0.4 mg/kg, subcutaneously), CN; un-
treated. Each point represents mean value ob-
tained from 10 rabbits.

Epe iz X 5 AMERE S TLEREREOY
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i peak % ¥ 2 MetED FMREE SRS bh
7.
B. BEROHMIKEERICHT 2HEOR
%

Wk X 5 ic, Ehhk Pk o TR LI
W S h T 3 BRI KB~ BT 5 &
HESN TV B, TOEEE, ViR

Eh Tz,
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Ao TBD, ROEREITo. Thb
%,, succinylcholine chloride (SCC) %7243,
flaxedil (FL) & v T, ‘BH#H &8 S T HIX
MoREED 65 L DML cEMcBEREIT
v, AMmMIREEBICRT 2 RE LA BRI
SCC #i:44 D F RS EATIC 2 & h 5%\~ fasci-
culation ¢ Head drop ##stiigEo B&L L,
FL <, Fli%ic Head drop ##EslL7-E%#
K HiFF Liz. £72, SCC 3 X OFL##EHE/IC
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Fig. 3. Changes of leukocyte-counts by non-
convulsive electrostimulation. SCC+ES ; succinyl-
choline-treated rabbits+ES, FL+ES ; flaxedil-
treated rabbits+ES, ES ; electrostlmulation al-
one. Each point represents mean value obtained
from 10 rabbits.

i/, BOMCKERNCHEEL, ThEALTA

TR #IT o7 % OfER, SCC#EHITII,
BRESA MR85 15l 2Bz
BERRED L, FL 8545, 104]5 7 453
BREED L. L2 LZ b0 bix, »
THOHBPICHASTHRETREL o 72 (P<
05). %7 SCC 1 XU FL %25 L TR
£ LIBA, BREMETRICA DN S 4R/
B o B mERELEHEE & F, SCC T, ¥B
+45%, FL TiEH+40% & sHBEIc -~ T
HEOBMETR L (P<.01) (Fig. 3).
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%, BRER TR, Al 50~100 mmHg |&
+5 (Fig. 4A). zOBEEESEEL, ME
DEBIE LR T, Thabb, KEE
#%, MERIERE EHRE Lo EMmIkES X & b h
7. SCC B LV FL zxhzh4 lmg/kg %
BL, BBIIEBORBLZELCKRELL
LB, BIREA LR, MEDFFiiEE
L7 (Fig. 4B).

C. RBHREMAR OILEREEL reserpine
WUB T X 2 BERFE O 3 BRI 1B XiE T
BIR Tk, BERESEERIC A S5 HMEkE
%1, HmiEEKORE G X B EERIEOTHEE

- o
1 v ES alone
T A ‘ ‘
’. S _fang . .

15 t ot

‘gdm”_ succinyichotie + ES
e

gl‘umwm ot ES

50

mmhg

Fig. 4. (A) Changes of blood pressure by
electrically induced convulsion. (B) Changes of
blecod pressure by nonconvulsive electrostimula-
tion. Stimulus duration was 10 sec. and voltage
80V AC. Stimulation starts at left hand arrow
and ends at right hand arrow.

WX fE EFOMHE L FITLTHEE TS Z L
FHLMIC L. L L7 H, Steel et all®
i%, adrenaline #t FMcET3ZLiC & -
THHMIRD 2 MgEDOWENREZ 5 2 L ]G
LTBY, HFeRgaEolErgEbhs. %
Nz, BEIC X 3 RBRREE O H MRS
T B35R MBI DU TOEREIT - 72,
6-OHDA® % (K& kg ¥ v, 50mg #EL,
REARED, ROCHES h TV 5EE25H
N5 3 EEY CBREML, HAMIROEIER
WREIC TS, S TREBR DR & ik Lie. Bk
KT Hh, TERARAHEEARIBIC X 2 BRIE O IHE A5

b h iz vwigd, 6-0OHDA iz & 5k
KRB OR R b > Te LHEE L 2.
6-OHDA # 53 Aoy +¥icBREM 2 /2
R, BRERIC34%LEEOHMKEEH
Hohie (PLOL). Z 0BT, FHERD S
HARERY, BENEICHTE0%EML 2.

Ebl, BRESEIBMETL, HBkOHE
ERB BN 72 B, +6.6% L BEEMMMEITE O
IR (+55%) lcHBEL T, #Lix,
Wlahic (Fig. 5). 7, Z ORFETIE, A
FBREBEHZ LRI - .

Reserpine 2 #: 5.1, 1RfI%ICERE ML
+501
7
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Y
&*
g 20 *
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E 0 T /‘E\T 3
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Fig. 5. Changes of leukocyte-counts by electri-

cally induced convulsion in 6-hydroxydopamine
treated rabbits. 3 days prior to examination and
reserpine-treated rabbits. Open circles represent
mean value obtained from 3 6-hydroxydopamine-
treated rabbits. Open squares represent mean
values obtained from 10 reserpine-treated rabbits.
Filled circles represent mean values obtained
from 10 untreated rabbits.

A, MEMESROREX, ¥ L HH
L, ZTheIFLT, BREZOHMEKES
I &S hie. ¥£72, 6-OHDA WEDH
A L R I B 4 R 0 H ERIEZT,
BB~ CEEE S N, KEFBEL A

b o7 (Fig. 5).

Ubkoz bpb, BRESNC X ZEBERD
HIERE DL iE, ZBRARR ORENIERD
ThhvbnEZbAD., Zhicx U TER
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WEICiE, R ROBEPHRS .
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FROERSEEN D, BRESBERCLOH
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KLk, ERCHES L MED LR & AER
THZ RSl o, MEDERE, il
B REEROEMc AT LELD L, K
BLv i LB o E EASICE, &
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Fig. 6. Changes of circulating blood volume.
Application of 5:Cr to this purpose. (A}; circulat-
ing blood volume. (B); blood cell volume. (C);
blood plasma volume. Open circles represent
mean values obtained from 8 rabbits stimulated
electrically. Filled circles represent mean values
obtained from 5 untreated rabbits., **¥P<.001

TR S BB OBERNIR L BROKEOE
) L OE{RIC oV TRE 2 R4 .
BROKEORE R, SCriESErHvk.
Big, XKmoFEL ST 579 1] 100 41
L, BEMBIREEFL A 7 EXy b
CERCETRIEICM Lz, ER=IX, ZHic
Iy 200C~25C 2 oiz. rHBOREE, F
BRIV FTF AN —BBLT 5D
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Fig. 7. Changes of leukocyte-counts by intra-

veneous injection of sera (1.5ml/kg) obtained
from rabbits stimulated electrically (80V, AC,
10 sec.). Open circles represent mean estimates
from 10 rabbits administrated intraveneously of
sera obtained from rabbits stimulated electrically.
Filled circles represent mean estimates from 10
rabbits administrated intraveneously of sera
obtained from untreated rabbits.
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Respiratory fluctuations of the microvibration of the body surface.
Toshiyuki Ozaxki, Katsuro IGARAsSHI* and Daisuke SASAKI** (Dept. of Physiol.,
Hirosaki Univ. Sch. of Med., Hirosaki, Dept. of Pediat., Hirosaki Univ. Sch. of Med., Hirosaki*
and. Dept. of Internal Med., Hirosaki Univ. Sch. of Med., Hzrosakz**) . S .
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Fig. 1. Resp. (respiratory movement curve),
MV (microvibration of the body surface over the
left thenar), BCG (ballistocardiogram, H-F) and
EKG (electrocardiogram, standard limb lead II)
in relaxed awake state (A), during moderately
deep breathing (B) and holding of breath in the
inspiratory phase (C). Time in 1sec. Each cali-
bration on the right side indicates 1 mV in the
respiratory movement curve and MV in EKG.
The calibration of the ballistocardiograph was
accomodated so that the load of 300 g gave a
deflection of 30 mm. Note the respiratory fluctua-
tions in the MV, BCG and EKG in inspiration
(upward) and expiration (downward).
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Table 1. The relation between respiratory
arrhythmia and changes in the amplitude of the
MV. The classifications of the repiratory sinus
arrhythmia were carried out as follows : there
was obtained the ratio of the maximum value to
minimum value (maximum value/minimum value)
in the R-R intervals of the EKG, which were
determined in normal adults
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On the other hand, the changes in the amplitude
of the MV were classified as to the ratio of the
maximum value to the minimum value of the
amplitude of the dominant vibrations of the MV,
corresponding to inspiratory and expiratory
phases of breathing, respectively

# | 1.8<

H# |16 <18
+ |14 <16
+ <14
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Effect of cold acclimation on changes in blood
metabolites induced by high-fat diet

Tomie OHNO, Masashi KURAHASHI* and Akihiro KUROSHIMA*

College of School Health, Hokkaido University of Education, Asahikawa
and Department of Physiology, Asahikawa Medical College, Asahikawa

Recent report by Ho et al.) has revealed
that blood free fatty acid (FFA) concentra-
tion of Eskimo in Alaska is extremely high
as compared with that of white population,
suggesting a major role of blood FFA as
metabolic fuel. This ethnic people is also
characterized by low concentrations of
glucose and ketone bodies in blood. On the
other hand, blood FFA level has been re-
ported to be significantly lower, while blood
ketone body level hgher, in Ainu than in
non-Ainu Japanese subjects?. Such diffe-
rence in blood metabolites between Eskimo
and Ainu, indicating a large difference in
FFA metabolism, both living in cold climate
for many generations, remains to be elu-
cidated. Possible explanation might come
from the fact related to the composition of
diet that Eskimo usually ingests the diet
with high-fat, deriving approximately 50%
of the calories from fat®, while less than
10% has been reported to be obtained from
fat in Ainu®. Thus, it is likely that such
high-fat diet in addition to cold exposiure
would result in the specific findings in blood

metabolites in Eskimo mentioned above. -

Furthermore, high-fat diet has been claimed
to influence cold tolerance, although the
mechanism involved remains obscurel12),
These results so far led us to consider the
effect of cold acclimation on the changes in
blood metabolites induced by high-fat diet.

The animals used were male rats of
Wistar strain, weighing about 190 g. They
were divided into 4 groups ; 1. warm-accli-
mated (25°C) one fed standard diet, Oriental
rat biscuit MF, 2. warm-acclimated one fed
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high-fat diet (fat : 50 calorie 9, protein : 27
calorie 9, carbohydrate:23 calorie %), 3.
cold-acclimated (5°C) one fed standard diet,
4. cold-acclimated one fed high-fat diet.
The full composition of diets was described
elsewherel®, Blood FFA was determined by
the method of Itaya and Ui®, blood beta-
hydroxybutyrate by the enzymatic method
of Gibbard and Watkins® and glucose by
the method of Roeld).

Fig. 1 showed the changes in body weight
during the feeding and acclimation. The
initial body weight was not different each
other between the experimental groups. In
warm-acclimated rats the high-fat diet
brought about greater increment of body
weight than the standard diet (p<0.001),
while in cold-acclimated rats there was no
significant difference between the standard
and high-fat diets. In addition, the high-

. fat diet provoked significant increases in

weights of epididymal white fat as well as

- interscapular brown fat in both acclimated

BODY WEIGHT ( ¢ )

groups {Table 1). Cold acclimation decreased
the white fat mass and increased the brown

O WARM-ACCLIMATED RATS ON STANDARD DIET ( 20)
400f~ ® WARM-ACCLIMATED RATS ON HIGH-FAT DIET ( 16)
D1 (OLD-ACCLIMATED RATS ON STANDARD DIET (17 )
B (OLD-ACCLIMATED RATS ON HIGH-FAT DIET (19 )

200{

0 1 2 3 4
TIME AFTER ACCLIMATION AND FEEDING (wk)

Fig. 1. Changes in body weight. Number in
the parenthesis indicates the number of animals.
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Blood metabolite concentrations and tissue weights .

Groups FFA ( }1Eq/1 ) Gluocse ( mg/dl )

Beta-hydroxybutyrate (mM/1)

Tissue Weight

White fat (g) Brown fat (mg)

Warm-acclimated rats

Standard diet 2224211 (15)  124+2.8 (15)

High-fat diet  323:23.1 (11)  127+3,5 (1)
p vs Standard
diet <0.005 NS
Cold-acclimated rats
Standard diet

212+18.8 (13)  116+3.8 (13)

0.049+0.0052 (15)
0.138+0.0234 (11)
<0.005

0.049+0.0082 (13)

3.45+0.320 (5 )
6.54+1.038 (5) ..364+21.2 (5 )
<0.025 <0.025

267+25.8 (5 )

k%

. ik
2.43+0.163 (6) © - 484+63.7 (6)"

%% k%
High-fat diet 284+18.9 (14) 118+3.1 (14) 0.054+0.0058 (14)* 3.71#0,450 (5) ** 831+123.8 (5)
p vs Standard -
diet <0.025 NS NS <0.05 < 0.005
Mean # standard errors.
Number in the parenthesis indicates the number of animals.
White fat : Epididymal white fat adipose tissue, Brown fat : Interscapular brown adipose tissue.
P vs corresponding warm-acclimated rats : * 0,005 #%0.01 $%¢0.025 $%¢0.05

NS : not significant

fat mass as previously reported®. However,
it was noteworthy that cold acclimation was
found to modify such an augmentation
effect of high-fat diet on fat tissue weights;
the weight increase was lessened in white
fat, by 52.79% in cold-acclimated rats as
compared with by 89.69, in warm-acclimated
ones, whereas it was augmented in brown
fat, by 71.79% in cold-acclimated rats as
compared with by 36.3% in warm-accli-
mated ones.

Blood FFA concentration was significantly
elevated by high-fat diet feeding both in
warm-acclimated and cold-acclimated rats,
p<0.005 and p<0.025, respectively (Table 1).
There was found no significant difference
in blood FFA levels either in the standard
diet or high-fat diet groups between warm-
acclimated and cold-acclimated rats. Blood
glucose was not significantly affected either
by diets or acclimation temperatures. Blood
beta-hydroxybutyrate concentration was
markedly elevated by high-fat diet feeding
in warm-acclimated rats (p<0.005). How-
ever, it should be noticed that such a ketone
body elevating action of high-fat diet was
not recognized in cold-acclimated rats ; cold
acclimation did suppress an elevation of
ketone body in blood induced by high-fat
diet. In the standard diet group cold accli-
mation did not influence blood ketone body

level. o

The present study apparently indicates
that cold acclimation counteract an effect of
high-fat diet on blood ketone body level. In
this context, it is interesting to refer to the
report that cold acclimation prevents fasting
ketosis in rats®4), These ﬁndings observed
in cold-acclimated animals, therefore, might
be accounted by an increased ability of the
tissues to oxidize ketone bodies and/or FFA,
diminishing blood ketone body level. There-
fore, it is presumed that low blood ketone
body level in Eskimo fed high-fat diet might
result from an acceleration of utilization of
ketone bodies and/or FFA due to cold
acclimation, although there is much argu-
ment as to whether Eskimo is really well-
acclimated to cold or not!®), However, Eskimo
is also delineated by extremely high blood
FFA level, The present animals fed high-
fat diet and acclimated to cold did not
exhibit such a high blood FFA level as seen
in Eskimo. Difference in blood FFA level
between Eskimo and rats might be attribu-
table to the species difference and/or higher
protein content of Eskimo’s diet, from which
30 to 359 of the calories is deprived, com-
pared with the present experimental diet.
This problem appears amenable to further
study. Cold acclimation lessens increments
in body weight as well as white fat mass
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due to high-fat diet. It has been reported
that Eskimo possesses very low skinfold
thickness as compared with those in other
populations?. These results might also
reflect an increased utilization of fat in cold
acclimation. On the other hand, an incre-
ment of brown fat mass due to cold accli-
mation was greater in rats on high-fat diet
than those on standard diet. Since brown
fat has been evidenced to be responsible for
an enhanced nonshivering thermogenesis in
cold-acclimated animals!®, it would be
interesting to see if the cold-acclimated rats
fed high-fat diet could exert cold tolerance
surpassing that in the cold-acclimated ones
fed standard diet. High-fat feeding itself
has been proved to be favorable for cold
tolerance, especially in the fast stateD.
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