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ABSTRACT

The activities of serum lactate dehydrogenase (SLDH), serum alkaline pho-
sphatase (SALP), serum creatine phosphokinase (SCPK), and their isozymes
were determined in adult male Sprague-Dawley rats acclimated to cold enviro-
nment (4+1°C) for 36 days. The SLDH activity was significantly higher in
the early stage of acclimated period. The steady state of SLDH activity seemed
to be reached by the end of acclimated period. Electrophoretic separation of
serum of control rat showed three SLDH isozymes. Isozymes SLDH4 and
SLDH5 appeared most prominently, whereas only trace of SLDH] or SLDH2
was found. The increase in SLDH level during acclimation to cold environment
is a reflection of an immediate increase in the SLDH1, SLDH2, and SLDH3
type of SLDH isozyme. The acclimation to cold environment increased signifi-
cantly level of SALP in the early state of acclimated period. SALP activity
showed a attaining steady state with the resting level after transient rise.

Electrophoretic separation of SALP of control rats showed the SALP1 and
SALP2 fractions. The transient rise in SALP activity of rats acclimated to
cold environment coincided with a transient rise in SALP] fraction. Immedia-
tely after exposure to cold environment, there was significant elevation in
SCPK activity. Value returned to normal after transient rise. A new steady
state of SCPK activity seemed to be reached by 36 days. It may be inferred

from the above data that thermal compensation appears to result from a cha-
nge in the activity of an enzyme and that the SLDH, SLDH-isozyme, SALP-
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isozyme, and SCPK may be involved directly or indirectly in thermoregulation

during acclimation to cold environment.

A =]

AALEE AEANA v, TE PT5 dTE T T2 2ol FiY &
Eo Ae Ay AR Fe QA 2444 fad FAE FASEE & F Ak
(Prosser, 1958).

Gl glolAl EaFge) Waes 2% £ odFe] FYas v Wael Aee] 9l
ovf gl A, A XA BRI 2 Aol Fae] Wk 8 gANE Aoz A

¥z gleh,

AN AL (29~27°C) 4], & A< ALP (alkaline phosphatase), o} #}o}#] (amylase),
GOT (glutamic oxalacetic transammase), GPT (glutamic pyrubic transaminase)$] 4] %] 7}
oA UA F-7Fst g o} (Hurkat and Sharda, 1977). <4 Alebga & 4 (succinic  dehydroge-
nase), | X 7-Z 413} & 4 (cytochrome oxidase) @ vFALEFSG4 F 4 (malic dehydrogenase) 2]
A ol 347 3159 7+ 2 E§elA Erhsbg of (Hannon, 1960; Hannon and
Vaughan, 1960).

You ¥ Sellers (1951) ¢} Seller et al. (1951)-& &k 37 (1.5
AL E3h 4 succinoxidase) 8| #4135} B Aol o] Wk v

AR A ) o e A Fe o B .‘% u
A golek & 4 glrh(Prosser, 1967). 574 &3
A EAELS) Tl AdH D wma g Ao

Baldwin 3! Hochachra (1970)3= el <3147 00194 ofAl| Bl F- 7 vi] 228 VVI (acetyl-
cholinesterase, AChE)&] %-9] & 4o ol ¥ 3} wl 9 o)

EfFE A ] H B2 83 & Alela2 § 4 (serum lactate dehydrogenase, SLD)
G4 AeS JFx3-&v}(Garbus ef al., 1963; Altland et al., 1968; Manger et al., 1968;
Nam and Chang, 1970).

Vessell @ Bearn(1961) 3} Starkweather et al. (1966)¢] 2] &}, A}zl ~
21 el —l“ B Rk e -«];M LDH,3} LDH,>} gho] #&¥w, abd 703 34 9
F91 &4 LDHe} LDHg7} 58] 59 aaebz sfv], LDHy7l 7k g¥e] ZAlehiz &

] 4 ;4]4} ZFARA, -4, 9l V 9] z7 o]},

Kaplan 4 Clottl(l%l) LDH g9l 549 ¥2= &350 $59 Aol AzAd A 7
ol A& eble] mgk vhE Fol Al Ak A A thkd g da vtz Hsrg
Market 4 Faulhaber(196\))-f o] i-2] LDHe] %9483 o] 33te], 33 Hochachka
(1965) = gl 3hA 7 = UC’] o] Zrell spebe] wagh wh glek. @A W x7 LDH, &
e AL Wals o 9§ i glar Wl e, oA el A A (Wroblewski et
al., 1960), %o (Starkweather and Schock, 1962), &< 7} &) (Bollomley et al., 1964) % &

%33 (Wieme, 1963) 5o 7]l=e] JEa1)e MatS 71z &)

3% ALP(serum alkaline phosphatase, SALP)i= F2 7lo 4] @& o7 Eu s}
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Asb gont, wd ALPE d3-iel 24, 2, &, A% % dgel A god, 2
(22 g2 240 @< ALP @49 A& 7ot glae 754l A5z
(Gutman, 1959). 74 9] AA -2 A SALP {94 Frhiz el Ast 7hAl Lol ofstef &
Z£ o2 A ztad JQldlE Aoz AZA"dgs wmsl vk glrh(Hurkat and Sharda,
1977). E2lA ~Ed 2o et &3, v, AAz, HEF, 24 ALP &4 w3t
o} @3t kAL thokdle] (Robinson et al., 1965; Hyodo, 1966; Nam ef al., 1974),
Z7}, zta 3935 o8 waust goh. Haije 2 de Jong(1963) & Ao #AFH 279
o7te] Zo-glEbA] E9) &4 (alkaline phosphatase isozyme, ALP-isozyme)©] ¢1-o] g+z17A
FEY G Agsigod o 59 Aol 9w Mo Fo FARE bl ek o
A el 12 a-Z a2 EE (globulin) Bk okt a1 o7k whEH, l'ﬂ M a3
Zuuy Aolo AELE AT glor] @A N of (band) 7}t a-1F2E
o % oJEWsl Zhell A FATE AL AEA

’ﬂ
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E
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o,

og.g_g}l gk, wlz&e ]"é% —6(— i
&9 ol o8 =w = glov] (Kowlessar et al,, 1959), &4, 7, &4, EI Rl i =
Ae Ao)g B9 aaE A2 glch(Fishman, 1974).

FA L5 A Zol i o oko] = o}yl - ¥ 7)v}A (creatine phosphokinase, CPK) & %

g3l =d wbebe] 73k A8 o= A9 EAeHR] @i=ch(Hess et al, 1964; Hunt and
Bailie, 1967).

Wt a4 Y B UH1°C, AWNFE T0~80%) wHIIL F B Hstel] wE
A %l a}ukga-F 4 (serum lactate dehydrogenase-SLDH), &4 = ~84 FHEL
(serum lactate dehydrogenase isozyme, SLDH-isozyme), &3 2] 2 vlebA] (serum
alkaline phosphatase), ®3 <zt2] ZAvlebd] F9] & (serum  alkaline phosphatase
isozyme, SALP-isozyme) 3 @3 =u|ols] X~ %7117 (serum creatine phosphokinase,
SCPK) %9 atwists F7 2 Ested Sich

=TT

AgA zAo| A& Sprague-DawleyA e A% 170~190g] ¥4 313 & A-&-3t9+ 3
A2 257 AR AL AR F B Ao FAsGoh HETI ey TS
238 1Y /‘}E(?ﬂ‘ﬂ*}i—/ré] AL, AA)SE e A8 zo] AASEE st o 2T
20: SR AC~G60%25) 7T FA E I AAgA ASSEs et TR

7 ] 7

, . 0~80%) 7 A EE I PA UxIx1Ime]A AR Je 2 F3pA=
g Sy Aol AfEo] HASEE Ao YA o] 2wz AL AGA

o iz} ure] 2As TAUEE 2Asgrh
LB AT ims}aa AL Lol A 1587 §3 A7 5 3087k 3000 rpm
A%

A5 7 7R Y Aol By e
o %) el ©3 AAdrags, @A 4
b E A, BA AARrsgs FYEL, @3 97y Tagte], ¥84 Gy 2
BAl FYEs 2 #83 Aoyl TAZI VYA T 48 FAA

) z3-¢ SLDH, SLDH £-$ &4, SALP, SALP £$ &4 @ SCPKY 42 AHANA
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AF, 3T, 1097, MY 9 364 7o AAA SAstAer Y AANAL
T, 0.21F, 19T, 29, 39, 499, MAT, 229, 30U W 369 Tel A AA
A st et

SLDH3}A] o] 24 .2 Cabaud Wroblewsk1(19o8)4 W o] 9] Sigma Chemical Com-
pany (1982b) 2] W oll wlebd] ZHolglch. F4e AeolA vAEel &4 Bausch-and
and Lombe] Model Spectronic 202 {,‘74(}»'0—-;74] 9] =}-& 450nmof A A 3F9 T}

] ek2. Sigma Chemical Company (St. Louis, v )l 4] A x5l 71 23S A-gslg .
SLDHe¢] &4 9] vFs]i= B-B unit/ml (Berger-Broida unit/ml) 2 Z A% 93\ =2

SLDH% 9] & 4 #49] =79l &7 ¢ E4-& Rosalki(1974)¢] e ¢ & Sigma Chemical
Company (1982C)¢] w9 of =+z} LKB Multiphor Systeme] A7 F4x &z w3 A
(agarose gel) T A ¢ 5w 12 volt/eme] At 271 o4l 3087 AEetadch. &4 A of
.2 Ultra Scan-Lasen Densitometer (603nm)-Recording Integrator® %2 &fo] Wi -f-u] &
TFatAdrh A dA Fwdt vk s AEFE AR

SALPe] 4.2 Lowry et al. (1954)8] wHH [30%- 7 (&) vy (ycine && )]0 &gt
Sigma Chemical Company (1982d)¢] # el wheba]l &4 geh. A& Lol vl
oa, A A%d vk Qe B3 FrAY w4 420 nmell 4] FA G Ak A e
& wk 9l ZEY S Agetglch. SALPY 34 A9 wh¢] i Sigma unit/mlE %A SFgl ot

SALP-E9 &4 %‘é 9o %449 ArdE 8L Rosalki(1974)9] # el &3k Sigma Chem-
ical Company(1981a)2] ¥ o wtz} LKB Multiphor System®] # = Az vrE kA
7 (agarose gel) & A ] 74l 12Volt/cm®] At =721 stofl Al 40F Fatdreh A A
Ao 4 Jlwdh vk g A2 9 603nme] A FHA ke W EeE ekt A G &
A 71Ed vk g A EY-E A

SCPK &4 9] 22 o Rosalki(1967)9] whdol ¢ & Beckman Instruments, Inc. (1983)2]
wyel wiet 543 L EAL Aed A wp el wel ¢4 JEe vk Sl -t
9] w3 340nmol| %jo}-ﬁt}. Al eke. Beckman Instruments, Inc. (Caris bad, v}=)e] 4]
Az A EYE Agatgd . SCPKe] &4 A9 whel= U/LE ZA &g

7194 %
7
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iﬁb rlo

2

# o

S ato] glo & 369 kel 23 SLDH@A ] w3l Fig 1o ZA ek Az
AFAA (BT HFAA A= 1380.7:0:136. 3 B-B unit/mle]n] & 364 el A
Aldo] A zdte] ubel WohE wskis B9 gl SLDHzZFA %) = skl 43 36 7hol
A gatzr], vhA Esi 0,21 I 457 8] 1687.2:572.4 B-B unit/ml2 A5ebg ot
(P<0.05, t-A4). i oo dzi9 TAAR LAAY e & 22U Tl k7t 7
25 gl o} 1283.34-89. 2 B-B unit/mliz -9 4ol ow], 3697 & Hzglo] A 44
AA FaFAo] A4S vhelul o L ek

SLDHE 1 a4 g5« shy<cshtel el 363 kel 2 A
=3 ubeo uehilx @z loh(Fig. 2). SLDH &9
=

AasEge et F
] 5 z
A= Fig. 26 zb7t dA sy ek o9 4lgla

o s B EERE LN
A e Tl 49 7% 4¢ LDH,

!
i)
S
>,
2
i)
o
L)



April 1986 Chung & Nam—Cold acclimation of serum enzyme and isozymes 111

17001
16501 T
16004 e — e (ontrol (20il°C)
:'E\ o menes < Cold environment (4£1°C) T
= 1550
g
ot 1500
m
@ T
3 lasop f
= |
%
& 1400 J—
2 - $
fod - PRI IR
| 1350 T P
A — L ‘ .
° S e
= 1300 T !
s , e
= i |
= 1250 | ! L
g
L3
wr

l
1200 i L
| J

00211 2 3 ¢4 10 14 22 30 36

Days acclimated

Fig. Change of serum lactate dehydrogenase activity level of rats acclimated to 441°C.
Vertical bars indicate the standard error of the mean. Six rats were used for each
measurements.

100 ,

01

701

60r

sor

o of Total Isoenzyme

30 : :
i

20t i
i

100 b | ; ‘ ; ‘ ;

1

:

:

1234511:3_457171:345112}745‘11‘45_‘13%451:345'1:345}1:3“112345[1:34%
- Aol a4l 3 34

bl 3
: 4 10 14 22 30 36

Yovs acchnentd

Fig. 2. Serum lactate dehydrogenase isoenzyme activity level of rats acclimated to 4
1°C. Serum lactate dehydrogenase isoenzyme activities of control groups were
determined at 0, 3, 10, 14, and 36 days. Distribution of isoenzyme expressed
as percentage of total lactic dehydrogenase activity. Band 1 is the more electro-
phoretically mobile (anodal) isoenzyme. Band 5 is the least mobile (cathodal)
isoenzyme. Solid lines indicate control rats (2021°C); broken lines cold-acclim-
ated rats. Six rats were used for each measurements.

0.10%) 9+ LDH;(99. 0%) & el 52 9l o1}, 109 Foll A = LDH,(1.04%), LDH,(0. 24%)
w LDH,(98.72%) % vrepulel, % 369 ol 4] 3= LDH,(0.66%), LDH,(0.46%) 3 LDHs
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@ |LoH-5 @ Lo
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Fig. 3. Lactate dehydrogenase bands obtained
by electrophoresis on agarose gels of
serum from rats acclimated to 4--1°C
and control rats (20+1°C).
{+) (+)
(I
Control Cold envir onment
ar el oday at 3vd day
(98.88%) 0] A AE Ve gk @Y gatae] 0.2190 ol A= SLDH &4lo] F st

gon (Fig. 1), olo Futste] ¥sshie] 0.2197 SLDH F4 549 LDH; 22
A= ez AN LT 99.90%0l A 93.622% % sl Al Al 1—"‘»’%‘1
LDH, (0. 12%), LDH,(0.47%), LDH;(0.21%) % LDH,(5.68%)9] 2t4o] velte

Fol 4] LDHs7} w2 ghell ZA ko] 364747 olghe] A4 vhepvlz sl 369174
gk ez LDH,, LDH, LDH;e| 314 c] H-El—%:ﬂ sheh. dhygshaie] SLDHe| 44
= Yk 270 ko] flel LAEs 4 EE vhEblvh, ool vlste] SLDH £9) 5
S U B B B R e e 1 A g & vhebdl 3 gl

sy sste] glel % 362 el SALPe] b4l s}i= Fig. 4o %A% 951»} EES AR

PA

A dA7 HFEA A 9.08:41.08 Sigma unit/mlZ Yehlgl o, 36 7he] A A
FE3 - ez gleh g geslatel 9ol 19 Tl Al 13.193-0.85 Slgma unit (P<
0.05)Ql A5k vehigl ot seolo] A ghoz  IalFx, 109 -(11.60£0.94) ™

- = T
1490 F (11.802. 83) el 2kzh F-7kaliz g el lent ejalelgleny, olefA 369744 &

FAL Fig. 5ol 5AGSE ALiel ANAA DTN AADEAE FAY 1, o)
A wkalwl ALP 3} ALPyi= A@AA ddTFol 22k 69.64% 2 30.36% 5 el 9o
o, elulq oz 3676l 2A ALPS gape ALP] walel & w@&% Aok dleb
3ol 2| SALPE 2] ddel bl e (g 4, olo] “elel gy ahid

e

SALP %] 549 ALPE 021075 MA7kA gase] 5 0,219 7-(54.38%), 29
(45.3895), 3dTF(54.0025), 109 7(53.72%) ' 1497 (60.53%) ol 4] 7ra=v] 7] it
stal ALP,= Qdubd o= 0,219 F3E UAdF7A4A A4 98s & 4 9. F 0.21
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Fig. 4. Change of serum alkaline phospokinase activity level of rats acclimated to
4:+1°C. Vertical bars indicate the standard error of the mean. Six rats used for
each measurements.
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Fig. 5. Serum alkaline phosphatase isoenzyme activity level of rats acclimated to 4+
1°C. Serum alkaline phosphatase isoenzyme activities of control groups were
determined at 0, 3, 10, 14, and 36 days. Distribution of isoenzyme expressed
as percentage of total alkaline phosphatase activity. ALP 1 is the more electro-
phoretically mobile (anodal) isoenzyme. ALP 2 is the least mobile (anodal)
isoenzyme. Solid lines indicate control rats (20+1°C); broken lines cold-aceli-
mated rats. Six rats were used for each measurements.

AT (45.62%), 2T (54.62%), 34T (46.00%), 109 F(46.28%) X 14U F(39.47%) ¢l
A FAE & 5 den, oo dETY el ZAEE A el st utebd AP
¢ SALPS) &4 A9 A7 7ol AF wstekast SALP T840 SF4A9 A+ 7
A Aslgde A9 9dX=EE s ehil 9ol ¥ sl SALP #4390 Fole
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Fig. 6. Akaline phosphatase bands obtained
by electrophoresis on agarose gels of
serum from rats acclimated to 4°+1°C
and control rats (204+1°C).
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SALP; #39 F2pA9l F7ho] A4S & 4 Yt

g esbell Lol & 369 kel ZA SCPK &Ae] ®Wsh= Fig 7o) 3Astgrh Hzd
AGAA A T9 FFEAHA = 2211.64258.0 U/LE ebyron] & 36U el 2H TF
F e et s b gy EslTel glel 0.219 Foll 4] = 3361.9+4:207. 6 U/L (P<0.001)
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Fig. 7. Change of serum creatine phosphokinase activity level of rats acclimated to 4+1°C
Vertical bars indicate the standard error of the mean. Six rats used for each
measuremernts.
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olw], 19 2722.14-248.4U/L (P<0.05), 29 2654.34-226.0 U/L (P<0.05) % 3¢
T 2964, 64-264.3 U/L (P<0.001) 9l A<&3kS velul s, Ffolo] dlz19 ghdl &4 ¢
36U 7A] A A4a¥A] FAFHY FEE R gl

] &

2 dTel A gdedt AzkE H
SLDH, SALP, SCPK¢] #4]o] -2
,

A &4 o] 3A e E

Fol vlshed dider FPEHFTL oz
e Faesgot Folol AR HEebd &
#9144 @olglov], @9 SLDHES x4 9 SALP $9| a9 4
AGFEAE G 270 F QHdE bl 2 9o Fig 3 2 Fig. 6).

%

FN

o] e BT £oks 54 £ NG BAATE A8t e} AAvhe
BAL A7) A o=l i A ] Qo] Sshe] F4 fvka 3he] (Prosser, 1967),
s 287804 g 3 M G wAAYAL Giel ostel ma FA4 A5 G
Aol GalA ol FAAM, oz AF AMA B AR G A Tk AP Fe

£ 7}A -2t} (Meerson, 1975).

3817 & 3o A4zl =& & @3 GOT (glutamic oxalacetic transaminase) 9} 8% 4%
glolA] (aldolase) o] FA A7 494 AA =75 9l o} (Highman and Altland, 1962). Knox
(1958) @ Prosser(1962)¢] olelw &9 Hi= 256 i DA 7 43 77 & 5149

sxol gol €892 Wbl bz wnd v deh

By 2°Coll £8lA 7 £0] 8] ol Bl F2lof 2~ 214 (acetylcholin esterase, AChE) &= .2
o £3A7 dfrel A AChERGE 5 &3] ol % =& 4F5&(BHE & vebd 149 5
Nia4E deblE ubd 12°Co] £84A7 FolE 249 F4 E4sS vebd o (Baldwin and
Hochachra, 1970). ¥ -2 5‘—?#03] ol A gfol 3t Al AL ol 5L AFTEAL]
Fx F7E A en e bgd A A FAE el E A2y FHEEY A
A& 7}A &t} (Hazel and Prosser, 1974).

A 2Ed A F Y @ wgo] 29 FES YAH YA 5aBH Fte o
uld o2 A EEFAAL Zsld sdEH e Aeg Aaslm 9lo}d (Zierler, 1956; Blair et al.,
1961; Halonen and Konttinen, 1962; Highman and Altland, 1962; Kim and Nam, 1976).

F5Y g2 o] £x furA wile A3 FEY 23 D AxY S5 B
Ao dA 43 A 2uA g9 w4 oz g 455 gl (Hazel and Prosser, 1974).
FYrE: F AF0A AZ F4gol FrtE, o) P a4 FUt2 FEHer A9y
Z= 9\ ¢} (Blair et al., 1961; Highman and Altland, 1962). wl%3}A4-2 o= 9 F4 74
ole] o QAT AEAty Ftats Alxure b4 FUME A ow] zeinR AlZy
Favh @ALY ZUlE dAH Y Ao g AzE 4 9lvh(Blair et al., 1961; Hurkat and
Sharda, 1977).

SLDH &4 9 FaAdel d4 Alzapel Y-apdel Sobsh ddeojuli-& o] g, upebA

[ - L
2 Ao A 37 dfi=Fo] glo] ghfarlel SLDH 349 340 dfFden x4
&9 fel NAs = Aoz A4d 4 gon] =g Yt 2] o] % SLDH #4 9

ot Foi

o
AU SRS A
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¥ TAE A2 gler, A AL Wl ZZMIEQ] FA £ Az 5344 9
Al oldte] Azu Fart Hof o2 ojutse] w PHH] H29 slo] YHzH
a7zl A E A 97 ok (Wroblewski and Gregory, 1961; Hawrylewicz and Williarn,
1966).
ol frol A} LDHO| &40 £3 4 ZHinch v$ wol] 20838 Fo o2
e} AFQl oA Foll A 4EF Y Aold fFAAEe] LDHY oa4 wha|zl 6l 9l
(Market et al., 1965). o] =8l=l F-E-o]2 7ho xi 57H ¢ LDH A7 1<d5dF
ok, Zodel F3hul Shpoli 3t glern, EHele 15719 & Az glel(Hoch-
achka, 1965). zeln2 2x £3te Aoz EP“J “-4 shel T a4y A #AH
o] glebst gho}(Prosser, 1967). 1 A% gz duld ez 3719 %3¢ LDH,
5 LDHg7b 28] 50 LDH, £ LDHp7b 2354 o] 32 Qo) 343l 7] 7ol s dubd o
2 59 % & LDH,, LDH;, LDH,;, LDH, ¥ LDHg7} vhepvts gl whaeba o] el gt
4 aagAe] 2yudets gy 5 9ok
o] 7 FTEY x3 £9 AALE AL A 4 By= ZAez] 9 A zEA o7 oFH Bk
) o (Bradfield, 1950; Chevremont and Firket, 1953; Doyle, 1953; Jonek et al., 1963) =
fE5o 2 A ALP &4)o] Fo Lo Ae ZelAnak, &3, F, "ul, $A
Z3 g}blx_l ol ol olatwl, ALPE IA K= Alao A ZdAwae] Foul, 4
of, Zhelb A e RA R, oAz FeldlZE etk o)2dl Alalel A ALPr} A )
of el steldla drke A& A T, AFoAE T F5o] 3
3 w3y bk gleh
A s}, ohA]l debd AAgs, ukek, A7 2 e Sol A ALPS] #4 .8 ik
S Yely At} (Chevremont and Firket, 1953; Taguchi et al., 1956). A AR A o]
Tz = 9 AL Aot Ao #ad A oA kA welx 9 @k, A4
Agre] WAe] ZAlshs ALP: 444 (MBS A54¢ 4482 gev gdudoss
A A frefiste Aoz A4 = A$7F @b (Fishman, 1974). £ 2 g4 SALPg]
< gy

[-m

01

3

e
Bl

2 o o coft ot 30
F;O
Oﬁ“

o it

o}
A 2

e
%J

1

Sk o rﬂ of &

AR

24 270 Frhstg e Tolo FRAUY +EE A3 9

A9 7t Y FEAGAA Fotete & ALP: 3l ALPyolv] &3 ALP9] #4o] A<
St gl FA Hol A= ALPy7t S7bshsd] ALPy Efel 9] ALPolw] ALP,S ALPy:
T E R &e AL g} (Chiandussi et al., 1962; Posen, 1967).

2+ A9 &Yga A SALP &4 wshokdst SALP S a4 wadde A6
yex A9 dAste F4E Hx glonzg, 4% mAgwsts vz v 4
z+gtch, SALP %9 & 3= SLDH 59 549 wa ?SP%TD} Al g9 F7E vERiA
@3 ohuk SALP, 2 SALP,9| 989 Holut vehils 9l Aol HAelzt & 4 givh
SALP 249 4% SALP, 54540 7445 4% weolz 47ah

T Al A= FHCPK 4o g5 n A4 Falled Az @HCPK F4e] F5Hrt
(Hess et al., 1964; Lewis, 1967; Crowley, 1968; Goldberg and Winfield, 1972). & &3}
A Z2FE o2 g48 CPKE o] EA7] 3 glv)(Aebi et al., 1961). 3y ez &
4 CPKell digt Alzwt Fxp4o) Frbs] wio] opdrt gz ch &f<43} A]2) SCPKY
sH4e] Wsh %o SLDH 2 SALPe] vlal 4 49lor] %3k 4 o ia 94 549 §44
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A% dedel dAE wadstE: G de & gk

ol 4o AxtE Fgstel 4 ol WY} 2olo] Axe FIAYE WBAA BLEAHY
gy aelel ol 4 Zhdev, weba $E ddmad] 4R 4 e A7
2 gor oldd s dyest 27)d deivke g2kl A Fdel sAHE A
= AAse e 27 o F #8717k Foll iz b WSkl W& BB 4%
o) FE% A% es ¢ oleh wehd WY 717§ SLDH, SLDH F4]
&4, SALP, SALP %H 4 9 SCPK/l - zde AA =t 2Pz Holsle A

o= 47 % gk

.

£ o

@+ 317 of) Sprague-Dawley#| $-4 51 %] & 4314 7] SLDH, SLDH %-$] &4, SALP, SALP
Toaa W SCPKE o ahifAe] 1Ay 2ot s A el s
H1°C(AH = T0~80% )0l Al ebg el 2 3697k FslA e shgler] SLDHS &4+
sl &7o FA4 A Fotetgedt F zhaslel FAAR Asrete] 36T A
4 A B A detg e, WxTol = 2 30 As19E588 & LDH,
LDH,, LDH, 9 LDH; &vheby) ovt a3l 3k 717k Foff = 3702 ¥4 % LDH,, LDH, %
LDH,7} iebykon], &+ <3} Ale] SLDHS] 74<2- SLDH,, SLDH, 3 SLDHM wheg o] 2}
3 A zbsln] SALPO] #4 A= s 435l &rlel o4 o g Frstdevt 3 zase A
AR 7 AEete] 360 TR FAFE S AFegn, daie] SALPEHEaE 2749 A
NG ERgE A%ela glon, YT 2719 SALP 49 Frhe SALP, £39
5 Zoke] dtd s g5, PEskR kel SCPKe ‘lr*é A w3z &
oA o /g%a}aigﬂr wolol A7 AFate] i WA FA YU E A Sk
Y43 (44-1°C) A2l = Y &7|e] SLDH, SLDH %] &4, SALP, SALP g9 ax 4
SCPK &4 3] B o< 7] ‘H:« Ao Qs wepA A7) 4F sart 43 =
AAA o2 gz 2 Az,

[

i

£ o
o
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