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Changes in serum enzyme actlivities

during heat exposure in rats

Yoshio Kobayashi, Joo-Chul Yang?,
Sang-Yul Nam* and Yasuo Arai

Chukyo University, Yung Nam University,
and Nagoya Women's University

Serial changes in serum enzymes of muscular origin such as
creatine phosphokinase (CPK), its cardiac isoenzyme, aldolase
(ALD) and iscocitrata dehydrogenase (ICDH) were studied in un-
acclimatized male rats (Sprague-Dawley) during and after hot en-
vironmental conditions (34 °C, 50-70 % RH).

The first group of the rats (Group H) was exposed to the heat
for 4 hours a day for 25 days while the second group (Group R)
was also exposed to the identical conditions, However, thereafter,
they were raised undernormal temperature (24 °C) for another 25

days. The third group as control (Group C) was raised under the
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normal temperature for 50 days,

As results, the followings were observed ;

I. Serum CPK activity significantly increased during the early
days of the exposure. However, the values of the activity returned
to the control level within a few days. Right after completion of
the heat exposure, the CPK activity indicated a tendency to
increase but not significant.

2. Three electrophoretic fractions were odserved in CPK of
Group C. The high percentages were found in CPK-MM and CPK
-BB while the ratio for CPK-MB was very small. The increase in
serum CPK activity for Group H might be due to an icrease in
CPK-MB. There were no significant differences between Groups R
and C.

3. Early responses of serum ALD activity to the heat exposure
was significant. The activity of Group R was slightly lower than
that of Group C during recovery period from the heat cxposure,
but not significant.

4. Serum ICDH activity significantly increased at the early part
of the heat exposure. Threafter, however, the activity quickly
decreased to the level of Group C, and no changes were observed
throughout the recovery period.

5. In summary. signficant increases In serum enzymes was
found during heat exposure. Especially, an increase in CPK-MB
insoenzyme was notable. It may be clear that thses changes were
due to the cellular injuries or an increase in the permeability of

cellular membrane.

AFZE D HiJ I Ha $' 4 2 LEIRE TR EBERE (34 °C, MXHEE 50-70
%) IR L AMYRoEEHoMERFO 7 LT F vy 7+ R 7 4 FF—
+ (CPK), &#0D4 VEgzE (CPK-isozyme), 7V F 35—+ (ALD) KU
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4 v 7 x vERIR/KERS (ICDH) OiEHEOZ(LOH AR ABIER Lk
MNTEZETH B,

ERAE

{A¥E 170-190 7' 5 4 @D Sprague-Dawley Z2OHDHad A% 2 @[,
E LEBRREICHEILDESE 2, TO50HQATAER 7L RBE, &
BETEE, [MEEC T o, XIEEE (CHP) 3=l 24 = 1°C, /5 50-70
WicHER S BT E T 50 HREME L7, REARERN (HED IEHE 34
+ 1°C, % 50-70 % DMBIREEICHHI 9 F¥h S8 % T—H 4 IFE] 25
Hif, RARE LT, BRAREZFLIAOLIIER 24 + 1°C, EE 50-70
Wik T ECHE L, BIER (RED (3 HE SR UK, 25
HiEl2zmEE L7212, CEEHEUERE MT 25 HEMAE L7z, mifitd & H
¢ A OEFEAN & K2 BB E 1,

H B3R BRERG 1, 3, 6, 13, 25 HEICIEAVLE 30 431 HiFhIR H
SERIM L 726 R BEIZZ D%, 26, 28, 31, 38, 50 HHICHIM L 72, C B DR
M3 B BLGH%, 13, 25, 38, 50 HIZTT - 720

BREN U 7o M FE T 16 fEliiE L 72%%, 30 43Rl 3000 rpm Taila L
MAE4% 08k L 7o, 75359 £ THETE (— 35 °C) ITREF L7,

S A&

1) Ifi#5 CPK (Creatine phosphokinase): AEBEZOEME (Sigma
Unit,” ml) (2 Fiske & Subbarow #: (1925) @ Sigma Chemical
Company (1981) i X A& FEiIcHEy Sigma Chemical Company (St,
Luis, USA) {8+ » F 2OV THIE L7, MIERFIRT Bausch &
Lomb (USA) t#DsEEET Model Spectronic 20 T 660 nm
TIT -7,

2) [# CPK 1 viE# (Creatine phospokinase isoenzyme): [fliiF 1
—2ul % Sigma Chemical company (1983a) DOZEICHELV, LKB
multiphor system DFXK4 /) (agarose gel) ET pH6.9, 25°CT 25
HESIKEI 21T - foo KENR, CPK A vBHZHAMETOUHEL 37CT
20 73/, 40-60 I TR S ¥/, kB ¥4 — i3 GelmanDCD 16 A
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DEEERT (% 366 nm) THERHERL, %O, 581 v EESE
DHERD 12, AL T Sigma Chemical Company (St. Louis,
USA) #t8D+ » b W72,

3) If#& ALD (Aldolase): ABEF D7EMEAE (Sibley LehningerUnit,
ml (S-L Unit/m) i3 Sibley & Lehninger (1948) ™% (Sigma
Chemical Company 1981a) i £ ¥ Sigma Chemical Company &lo
F v PEHOTHIEL 7

4) [M# ICDH (isocitric dehaydrogenase): King (1967) OZ5i:
(Sigma Chemical company 1983b) cHEV), #iE T Bausch & Lomb
HBlOSHEEET Model Spectronic 20 % FlW £ 390 nm THIE L
720 AL Sigma Chemical Company (St. Louis, USA) ZH\7-, 5
P E Sigma Unit, ml TR L1,

FERGER L Snedecor & Cochran (1967) @ HEicE S %, t—KEA
TOWEEMORIT 21T - 72,
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A S

D i CPK

H#, RENUCHOZFEMHICHT 30 CPK iFHoziti % 1
MUK 1ioRd, CEHTRERMKBHOMmMAE CPK A 65.7 + 3.3
Sigma Unit,/ ml T&% - 7o ZD%, BAICHDHEN TS - - BHEHEBRK T
T CTHERTbRESh -, HBETRESARE 1 HHIZ 99.3 £ 6.
7 Sigma Unit,/mi ¢ FH L, 3 AHIE¥ED L, #Hice HHICiZEH
U L7z, LL, THOoDERETCHREFRELBEZR DT,

C#o 25 HHDfE X 53.9 = 6.1 Sigma Unit/ml TH-7/, REFD
28 HHOEIZC L L & FEF =W 66.0 =2 5.8 Sigma Unit/ml TH -
MEEBEER S -1 REOMEIZEP I CEOEIE ST E, Z0%K—
EDEEHERE L 72,

x 1  WARER, [RIEE B I OXRBOMAEC P KiGMEM

b=y e | IMEC P KiEMAE (Sigam Units, /mb
¢ (AR SEAE R
0 6 5.7 3.3
<t BB 13 64.1 3.5
24+t 1 25 93.9 6.1
(n=17) 38 52.0 3.2
50 43.72 1.6

.

1 99.3" 6.7
AR TR AT 3 58. 7T 3.9
34+ 1 6 76.6 5.0
(n=17) 13 55.5 4.9
25 55.2 3.8
26 55.0 2.5
(Rl AT 28 66.0 5.8
24+ 1 31 47.2 1.9
(n=1) 38 54.8 4.4
o0 45,95 3.1

* ok IXTHRBF & ERRR | BWKETHERLEPDH B I LERT,
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2) IfiiiE CPK 1 v %

EEMMbOMAE CPK o VBEROZHE DO AR LOELORRER 2
ER 2 12RY, CEBOERHEODOESKEICIZ BB—CPK (BB—
CPK,) & MM-CRK (MM~—CRK,) D" 2D EDHH 2.94 % & 97.06
¥z NFhsEHN T\, EBROMRG 4 - & MM-CPK %5 BB-CPK i
L CEVES AR Lz, MB-CPK 1338 HHIZ 4.0 %3N D&
TH -1, IBBREEIC X HETIIMAE CPK fEHER AL b¥gmL,
ChictE-7T CPK £ vEE#ED MB-CPK 4453 HH 8.92%, NHHE
9.00 %, 13 HH 11.22 %, 25 HH 26.50 %25 % i L 7z, [EHIc
BWT RETIRIMGE CPK ORIEHMEIRALICED L, £O0R—EDHZ
HEF: L 7o, ThicfE-T MB-CPK O E4pkbid 26 HEH 12.02 %, 28 H
H4.24%, 31 HH 3.32%, 2L TZic 38 HE B0 HHTIZ0% &b,
ERITIEk L, F£/- REEOIME CPK OIS 2 C BED Ml 1< RilRT
TRR5M, CPK A VEROHIIEZ NI NTERKHE»» - THiET
BT EMIHSIITE - T,

#2 REARZR, DEREBSIOHBEHOMmMBSCP KA vEREHE

R 24118 "ok (%)
c S (BED MM MB BB
0 97.06 0.00 2.94
Xf A 13 94.13 0.00 0.87
24t 1 25 57.90 0.00 42.10
(n=17) 38 48.914 4.00 47.06
a0 62.75 0.00 37.25
1 100.00 0.00 0.00
AR 3 91.08 8.92 0.00
34+t 1 6 45.70 9.00 45.30
(n=1) 13 01.79 11.22 36.99
25 46.79 26.50 26.71
26 48.67 12.02 39.31
[E)Fs=yiss 2 8 59.67 4,24 36.09
24+ 1 31 55.03 3.32 41.65
(n=1T) 38 55.88 0.00 44,172
50 67.20 0.00 32'80J

/A v BREEEENEC P KoRE O\ HE LTRLTH 5,
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3) /& ALD 7%k

CHf, HE MU REODIMHE ALD fRHEOHERER 3 BL UK 3 IZ/RT,
CETI3HEERBKBHIC 67.0 £ 2.65 S-L Unit/ml, 25 HE 76.3 +15.
93 S-L Unit/ml, 50 HH 56.3 = 3.13 S-L unit/ml &7 9 25 HH
5 50 HE i TEFRDERI 2R3 05 2 0 & OEIRFEERBIR O #IHA
HERABEEREP -7, HETHERRBE TREIREBR SN, 1 H
Hics\WT 102.4 = 8.02 S-L Unit/ml icFEICHEML (p< 0.05), 3
HE T3 54.7 + 6.65 S-L Unit/ml, 6 HH 52.5 + 3.48 S-L Unit,”
ml KWEEIRED L (p<0.05), 2Lk 25 HEHEF TR CHEDHEE
RERRONT, —CEOfEHIE L/, RETREEVHTH S 26 HH
I 48.3 £ 3.50 S-L Unit/ml cHEZIC (p< 0.01) HDL, #0%i
50 HHZ T CEHOHIClABEO—EMAE & 280 TH - 12,

&3 IMBREH, DEHNBIOHREOMEA L DEBEREMM

i R M#AALDEMME (S—L Units/ml)
(C) (HED A pEen

0 67.0 2.65

paitiis 13 72,1 3.40
24=x 1 25 76.3 15.93
(n=17) 38 63.3 7.04
50 06.3 3.13

1 102.4" 8.02

BT 3 54,7 6.6 5
34+ 1 6 52.56 3.48
(n=17) 13 6 8.0 11,22
25 6 6.7 10.53

26 48.3" 3.00

Bk ke 28 6 5.6 4.6 6
24+ 1 31 90 7.3 4.04
(n=17) 38 49.7 0.314
o0 46.0 3.80

* & [ REEL L GRR 1 WKETHFERELH L E%E2RT,
* (3B & GRRER 1 WKETHEELBELH B EE2RT,
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4) Mm#E ICDH &

C B0 FHEERIE H OiEMA4E 594 +24.7 Sigma Unit,/ml Th ¥, 50
HoOEERMMESD, —EDEER -7z (K4, X4), HETIRERE 1 H
Hiz 748 = 8.59 Sigma Unit/ml (p< 0.01), 762 *+ 10.7 Sigma
Unit,/ml (p< 0.01) EHEICEWEARL, 0%V L 26 HH
F T CHOMEICII DWWz, R B AR I3 3L E LIl %E R
L, CBLOAENARRONTLED -,

Z4  RBREN, DIEHL X OSBRI C D HBEREYEH

g e | M T CDH7EVEE (Sigam Units/ mD
€ (HED P pe e
0 091 24.70
X BT 13 676 25.70
2411 29 680 7.86
(n=1) 38 714 24.50
50 660 8. 73
1 748" 87.58
AR ERTT 3 690" 5.08
4+ 1 6 762" 10.70
(n=1) 13 669 8§.00
29 686 24,20
26 66 4 5.50
(AR 28 671 7.8 2
241 31 7141 18.60
(n=17) 38 68 2 8.23
50 639 7.35

w ok (IXREABE & GRE | WKETHER AP H S T EERT,
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£ B

AFEERIC X B L 0 SHEHARBEVINICE VT CPK, s MB-
CPK, Ifi#5 ALD, Il ICDH ofEsHEIC R L, RAREKURY
[EEFIHIC B ORE L IEICR S T Ebh - 1,

BEE I B W THEELSEEE &> CPK 3 EKH & O RBICHAT
555, BFEFRMBRIZIE, BEAEFELIEV, —ANICHESIOHEK, [
7% CPK OO7EMENS R T2 EMMEINT VWS (Aebi et al, 1961
Baumann et al. 1962; colombo et al. 1962; Schneider & Heise
1963; ER S, 1979; ¥5, 1980), —74 Griffiths & (1966) (3 &HFH]
OB EE)ZIM7E CPK iEYEE O S s R o h 2408, R OHEE)
ZIM7E CPK fHMHHEOEF A+ b o8 M0 EHE L TV 5, —HLEEE
Olc MG CPK il A%< k45 (Duma & Siegel, 1965;
Hunt & Baile, 1967), Zticxt U THIlEEOEEHE < T & HrlikaiE O
EWPoZfticky, ZBOMIAN CPK HHEATELVWIHELDH S
(Schmidt et al., 1963), AWfEOBRARBEVMICE T 51 CPK 7G5
DN, FtROEE TR T, BEWEIC XY CPK ZXd 5 Hhfl
RS @EM L L IR THEEEZON D,

7 CPK (Z I3ESKUKENC & » ThaMic )4 5 FichkT L THE T O
B L OEEMHk® BB-CPK (CPK,), F/EBBICEEId 5 FIiCERR,
Zz L TETFOLHEERD MM-CPK (CPK,) D=>D1 VEBENH S &
MEHISHhTW3 (Van der Veen & Wilebrands 1966, Dawson & Fine
1967), FitEENEAE (Silveman et al., 1974) &.0BEEE (Roe et al.,
1972 ; Mercer, 1974 ; Rogers et al., 1977) ic X b [fi7E MB-CPK {E#:
ErEEICERT 5, AR TRIEBRARE S X OBHEVIEICIG MB-
CPK miEM:EmEmL, EEFI S i h i TR BEHICEICR - 7o,
(%2 M2, k&l ELXN2RBONHEARBEICKSIME CPK FHHEE
o &[G L T MB-CPK O#EI&BEEML oo THidIMmiE CPK 7%
YEDBEIMZINGE MB-CPK oMM R SN 5 Vo HigG (RES 1979)
ERIFAERTH - 1o, MUERANICEES T 2RO, £ ok 5l
FHERIcd 2 2 P L XDIBIELEZ SN B85, ARICB T 5B
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12 & A1fMiE CPK 7HME{E, #fic MB-CPK O¥nidid BEZE IO T
E?@%%mkﬁ%% RO RNLVREBZ 2 CEARLTVWEEEZS
Nb,

ALD df 4 offfdic 2 BICHEAE L TE 0 IEEREMA TR, M
7 ALD fEVEEIZREL TWL 54, rﬁ%a[:l@,%ﬂ%é%@ﬁ&i% iz & AN
ALD stz ki ALD G0 EHE»#ET 5 (Baker, 1953;
Sibley & Fleisher, 1954 ; Sibley, 1958), #H#kREE D & U T ahHAR
fE# (Sibley & Fleisher, 1957), .LFEZE (Volk 5, 1956) 5 [EE
(Bruns & Puls, 1957) & 3 W AGEE, $RciitERFEEIFE (Schapira
5, 1955; Aronson & Volk, 1957 ; Okinaka &, 1961) 73 &b 5,
F o UEBNERIc BV TE ALD OFMHMEA LR L sV HE LS
% (Atland & Highman, 1961), AR TIRRBRBIIHICE O TIE
ALD B ESERMIEHN L, Z0%d CEARBARY E T
N THETEOVEZ /R L 7o [MHETINC S IRE I e TR R
L, ZOBXIBHEL O ETRWHZREIRNE TR- 7, (X3 /KUK
3), Bedrak (1965a) (&&= kL 2z & D AODIfIjE ALD ASHEEFEHIC I
FULIEME L TOVEBAREROFER S Chic—H L,

ICDH B{&OfBAIIILL 3 LTH O (Hoffman, 1970) s
ik DMy ICDH fEMEM IR IC BR324, (LEZE TldMmA ICDH
EHE R VW E WS (Wolfson & Williams—Ashman, 1957 ;
Sterkel &, 1958; Duma &, 1965; Kachmer, 1970), iB#RBEI N
P12 d* & O FHREFIN, OFMEs LM fa v FY 7oEFo
ICDH BHEERSLEZBR N -2 EHiE L T ah (Torlinska o,
1982), AFETdiRBZEEYIH I ICDH /GHEENSGEIC ERH L,
LA LI CPK #&M:AE, 7 CPK 4 vEFE 4, BXUmiE ALD
MEEICHA~NS &, ZOZLOBIRKRI/NS, RERREEICLIE
HWODILOWHEERTHEEEL SN 5,

Al L7z 90, X b L RRKBEBR I N B O MERRGEHEME DO EF o0
—RMIEIN & U CHiliE S s ofnAsssh 5 (Blair et al., 1961; High-
man & Atland, 1962 ; Zieler, 1956 ; Fowler et al., 1968), £ il
TRBZ P LU REFEFHNCK S NS DIMEREREHEO A 25 Z# C
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JHEEMED & BIRF & U TRRERISIKIERDS S T 5 2, £ B
& S EREBIL O & TN S OMITERERE M O LT o R 5 BK &
LTEZX SN, EHAETRICIIMEBFEED 55 Na, K, Cl o
WY 5, Z2DHTHRGELOEL VWO IRME K EBETH b EHEH
B> TRESENT2h0THS (BEEELE, 1971),

IREAGEERIC X D BUE, BWETIREOEC 5, BAPROERIIESE L&
WHEEBEE S LSEEELFEVWVHABED b ETH L EN S
(O'Donnell & Clpwes, 1972), F 7-/k43E% (BiKk) & BERE I X 3 HE
mhs B9 5, BARHE & B POSE IS AREK 358 o0 BT R 1o JE RS 15
BEZLO LAKERI SABICH T TOBYEZARD S ¥ 3
(Shapiro et al. 1978), —/), HRICEZET 2 EFHiTiIc & h KD RO ER
HOBEDIHKBBI 5, TOXIEAER Nk T 2 EHXITHE N &
MYED D LRIRIE & 7% (Pitts et al., 1944 ; Buskirk et al., 1958
Saltin 1964a, b; Craig & Cummings 1955; Greenleaf & Castle
1971), AWEIcB W TR SN EBETEIC & 2 MG EREESE O
ARINOGDOIELEELEZ TVLE0Hh BNV,

FIEE %S0 oD I IRBEOIRENMH 0, (KEE X 72 3EHE I
FFAN IR D T EMTEE W, Nukada & Muller (1955) i
LN THOBA 10°C, RiliTIR 18 COANNEEEESSEEALTSH
D, TOROHEEIE35-39CTHEEWVS, —JF, ST chiEgcES
95 LDOTHRE Lt Id SRSt E®E L ChbEds&0 5 (Bass et
al., 1955; Buskirk et al. 1958; Wyndham 1973; Rowell 1974 :
Mitchell et al. 1976), AMTICE W CIRAEBHEIcB W T F5 L0
TEEREERTEHAE D EL D U, FnCIREISHE T £ T lRBE L a1
o foC &R, A E S MERBEERICBEY % 0 X 0 SE LA M5
EWT EDbH - T,

ULORERERET 2 &, FitERRE IC & - THEBRE T Xt
C S Nl AR T A B LAl o fE R i BE 2 E & b R SHiaA A~
R UMASERRIEHEESENL b0 Th 2 L £ 5N D, SlEEE LT
noDORERVMET SRBCEEEL 0T EELON S,
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U

AW 3 iR B 1C Sprague-Dawley Riff[14a 3" 4% 2T L /- Hih
BLUEEHOMmMEI v 7F 7 4 A7 + ¥+ —+ (creatine phospok-
inase), MEI/ VT7F v 7+ RA74+F+—EDA VEEE (creatine pho-
spokinase isozyme), [M{F7 )V F 35—+ (aldolase) U4 v 7 = v gl
JKFEMEF (isocitrata dehybrogenase) O7EM:Af D24l 4 £l Lo
REBEE HEf) (3 34°C, MR 50-70 % DiREIZHEICTTHT 9 HEh 5
T LRk TOMH 4 KR, 256 HREIREE L7-, [MIEEE (REY) T HEL
[ahkIC IR BARER L 72 1R 13 25 HE 24 CTHIE L 72, WBRER (CEE) 12 24
‘CT 50 HEfEE L 72

1) M7 CPK 7&ME R ERREIIcERICHEINL 7245, EHoN
I CHRIOfEICIR L 7o, MIEHics v Tcldailic FRoMEBBS R S n-Hf
BRATREP -1, ZO%K, EEHICBOTIEIS SR - T,

2) CEfO CPK OESUKEMRICIE 3 >DAMEME S ih, FEic MM
-CPK MU BB-CPK T#&#¥9, MB-CPK oE|&itdEsic/biss -1, H
B TOoIyE CPK WG OB CPK 4 VEe#TdH 5 MB-CPK OFf
BRSNS LI b D THE ENPALMICE -t REBETIRCHED
ZRE SN H - 12,

3) WARBHIIIE ALD EHMEEEEICHEWVEER L1, BEY
KBWTRCHID HFTEWVEAZRLIZPEETR T, - 1,

4) EERBNPICBV TG ICDH EHEREEIC LR LA, 7
APt L CHOBEIED, ok, BIEMK s cabizRoni
otz

b) AMAOEREE LD B L, 34 CORMRBEICL D MHE CPK,
CPK 1 VPR, I ICDH fEMAH O T XTI EBB R SNz, Hic MB
-CPK 1 VERZROEIGD LAMEEETH - 72, TS BHIMEES 5 W
FRESEEOWMIc L 3 6D EEZ o,
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