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Effects of Storage on the Stability of Serum Samples
of the Rainbow Trout

I. Sodium, potassium, calcium, magnesium and
osmotic concentrations

Shoko WaranaBe*, Motohiro SEmMIzu* and Juro Yamapa*

Abstract

The question how long fish sera can be stored for accurate measurements of
physico-chemical factors is of practical importance in physiological studies of fish.
The stabilities of sodium, potassium, magnesium and osmotic concentrations of
serum of the rainbow trout (Salmo gairdnerii irideus) were investigated keeping
the serum at about 20°C (room temperature), 4°C (in a refrigerator) and -15°C (in
a freezer) for different periods.

Sodium and potassium concentrations showed a similar upward change
with time; the stable periods were 2 weeks at room temperature, 2 months at 4°C
and more than 4 months at ~15°C. The calcium econcentration dropped rapidly
at any temperature, being stable for 2 days at —15°C. Magnesium also showed a
downward change but was more stable than calcium and maintained the initial
level for 20 days at —-15°C. The osmotic concentration was found most unstable;
it increased after 12 hr at room temperature and 24 hr at 4°C, while it decreased
after 7 days at —15°C. Possible factors which cause these changes were discussed.
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Ih, ITHhEEUEAERESIDIRSELBbNS, & FFTIE Weissman and Pileggi®, 4
RoD, MED RIEDD 29, EE OMBLERDICOVT, RIEFCE 2 ZEHR2REL T
W3, UL UAEDIMESERIMC OV TIRIIT? 2844 (Sebastiscus marmoratus) % R TH
2 X 3 WEBEANEDOES %2 A T 304, RELERSOELRFEERI VTR EALHE
INTOEN,

BRI = o v 2OMPRSHBEREROBEIC L > TED X 5 2B{b%RL, R 50Of
HEEEZRELBILZHOLIRL IS ELIIDTD S, > TRETMFEEERS (Na, K, Ca,
Mg) ORER IR ERE O ROEBICOWTRET 3,

HHEEFE

EB FHU 12 i -CARITEHRBE R O EE R E R AR AEBRR L b AFL LR
HEE 23, 2cm, EIAE 231.9g D= < X (Salmo gairdnerii irideus), ¥1 80 RB» L/, Th
5 D= 2RI AFR, FERKE L v 2~ ODBRAFARKENTHROREH <L v + No.7P, H
FEEHFKK) 2HAEREATRATINTVIZIDOTH 3,

o DOIRER

BBl T=2 v X 2B OKE) b ERBEROAEBLIE, XL 2L50EEZE» S
1Y, BRUSH LM 30 HFEHEL 12, AR e d LIFEDEREMITL, BWREBcX), B
KEWMRD> & RBRBICIRML 120 $RIU 12 M3 EEE 2 T 20~30 4B %, 3000 rpm iz T 156 HERE
DOEEL, Ebic¥ <y bTHHEE 2RO ET T, 20X 3L THEED S BLMmER VoA
EODRBEIAED, ¥oAETELENL L, 20RMEY—ERTOZNFNON 5 2 YUEHE
TR 2o 2R ZREFNOREERE BT 20 TIRRFA—DFRE2 B iz,

ik {12302

% AnIcH 5 AMEMEOTRE, FVEY A THIFTCT T 4 VAT -T, Rt
OBFEROFR 27, REIEREE 0°CHI%K), BRERSE (4°C) RUBHERSE (-15°C)
O 3 DOBESMGTIT/ 2 o 12, REPRIZAENSRIC L b 14 H~120 BT, ZHEh Tables 1~
5RLTHZBHYTH 3,

7 SRR 5 DR

PIEIEER, Na K, Ca, Mg BERFMFERZRETDH 5, ¥, HRERKEFEDOMF 5 FEOEERMRE
BRI 2 50 37°C HEKEIT & 2 80D 2 >ORGTHREL, MECH—{L2R» 512D, X<
FBOBENBEINFNORMC OO THERITS - 12, DR RED I CIEEAY BT i
HET 3100, BHER X {R-TTRNECHL, BREFED OOV TH, MEOH—LDOID
B 2 TR - I BRIEIEEL 12,

Na RO K SEOHRE: Na RO K BERFEFREGER (Bir5188) % AL TRAMFEEIK
L HAGEL 128, Na BEFRIEICIE, MG 106l 29> AR~ 4708y b T H52AMUBHEL DS
WU, ZREAKT 1001 EFARL T, T2 K BEORERID, % 100 x] 2FHHFAT 51 HCHRL
TRz, EERRICRBEMTHESERER (A, ¥ 2HV, NaBEiCO0Tid 701,
801, 1001, 1201, 1501 iz, K MEFic>WTid 71, 101, 131, 151, 201 f%ic #h Fn K@K T HFRL
2o

Ca BOF Mg BEEORE: Ca kU Mg BBEDHER, FPRELER (Hx 518 %) 2Hv, FAF
WA & DT 5 12899, Ca k¥ Mg OV FNOFAIT b Ml 50pl 29> AR 47 By
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M CEE & D AWU, AT 121 AR TR B 7o, BRERIC I RIEMTRBSEE
¥ (LKA, £t %, CaBEEC-OWTIE 61, 81, 101, 121, 141 {Ziz, Mg BEiC 2T
i 121, 141, 161, 181, 201 {5 B AT 2N FhARL TREBOEMIHL 12,

MERHEEDHE: mMIFRHERE DREIX Osmette BFEE (Precision System Inc., Model 2007)
2 BN TS - 12, 100mosM/kg HO B F 500mosM/kg HoO DEERERR (Precision System Inc, ) iT &
h IR R - 1298, 1 Elie-D 3§ 200 x] O fFE % v TRIEME 2 EL 72,

REHMORE

BB S DFHE M & R & ORIORSME Na, K, Ca, Mg RUBEERE) OZER2HRNT
3729, MEMMEZCZNThORSRERCBERE 2 TAPHICHIEL, ZOEPEERLL
tre TRERE SREGERCDHERFORM T B 2 Th ENOREMR L, HEELA
BEE : OB TAEEAE=0.05 12 X b RERTTIV, TOFREOHELC X - TRELIZ,

BRRUER
Na RE

FIRTERET T OMiE Na JBE ORRZ k% Table 1 RO Fig. 1 iT5RU 12, Fig. 1 6 Hb 2
F 5, BT Na B 1 EEIRY 2 BEOEFECE»icEmd s EmB D s his, X
W ORICHBERED b NS, 577, UL, 20 B BT M Na BEE IS s B %2RL
17 WEEMRE T Na OBER 2 » B TRE» TR RTO0ATH 1208, ZORER M
Baohtz, —HFREEICESN TR, HRMEEKZO 37°C Bt RN &L 2 3e>h T#Em
R ZRL B B EREISETRE» 5700 &L U T Na BB RFREY F 3 E5R0 85
fHE 2 RL (Table 1), 3722 TORFERET CHREFEVREL 2320 THEINT 3R 2RU 2.

BAFIC X 2 % Na BEOHENO BER:UTH S 280550 Na OBHBRL Mo TEH, W
ERC BT 3 FREEEEU LU IR b2 b KA 2L - T 39, $iAK610 3HHERER
T2 HEHAEL 12e FIE TR Y S X8 5 OEHIic & b Na S EEicmd 351 28EL, 3
BANW 34520 68HU 1z Naick b & FIFD Na JEHIX 5~20mEq/L B LA TsH%

Table 1. Changes of sodium concentration (mEq[L) of serum samples stored
at different temperatures.
Initial value: 157+1.0

-15°C
D 20°C 4°C
ays (Room) (Refrigerator) Defrosted at Defrosted at
room temp. 37°C
1 156+2.2 16514 - -
3 165+1.9 167+1.9 156+3.0 156£1.6
7 163+1.9 169=:0.9 169+0.7 169-£0. 4
14 16522.1 160+1.4 168:£1.4 169:£0.7
20 180+1. 6* 160+1.9 163+1.6 161+1.8
30 182+1.3 169+1.1 164+1.1 164+1.9
60 - 163-+:1.9 163+1.9 164£2.0
%0 - 186+2.2* - 165£2.2 1611.0
120 - 187+1.4 162+1.4 165£1.7

The data represent the mean+SE of 4 samples.
* Significantly different (p<<0.05) from the initial value including all later values.

—9 —
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1904 A o0 20°C (Room) é--~1/--§

0-+-0 4°C (Refrigerator)

180+
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160 ’
1501
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@8 ~15 C; defrosted at room temp.
180 0-=<0 =15 'C; defrosted at 37 C
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=
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p— v r R | B | R | A
0 3 1 14 0 30 60 90 120
Days

Fig. 1. Changes of serum sodium concentration with time of storage. A: at about 20°C
(room temperature) and 4°C (in a refrigerator) B: at-15°C (in a freezer)
@®: initial value

BTV B, AEBICHNT Na BEREOCREOANI 1001 FTah b, MR ¥ 5 AMBHTICR
FLTH 31D OEME»S O Na DBEHIZ KIS LDOTHIEMHMING, ¥ 2DFREEL
THEDLHN T3 NagSO, 1247 32°C UTO HETCHEED FAR BRI A 3 ¥ b h
T3P, BEEL b bARE, HHELY L BREFCHVT, F52E»5 D Na OFHN K
, ZOIHICEERRETO Na BEORMMKE {23 L EBHERAING, FTHRHEFIC L 5 MiH Na
PEORMPE MBOER LT, IFORMELEALLNS, AERTRAEFHOBMED Fivkid 7
WEY ~ VRIS T 4 ALY ZIBNTIINEH, 1057 4V ATRESPBETHESD 57299,
SREOINE b BHFEENB VI ERAERT s FRENDZ 8D LBDN S,

3% Na B D RFFR & 5 LR, SREFTRIRoc e 280 T, HBEEE O Bic
BELERALNT, ZOROSBTHEMC L Y BEEESBO LA, S 2HEBENEEA SN,
T it Weissman and Pileggi® KK X 3 v FiE2 B TORBRIR L, JIZ—KL TV 3, WBER
T 60 BUBRARENALN, BEMBIZ 2 »AHTH 3 L Bbh 3, BEERFCENTE,
SERME R 37°C e 4 7 Bl CEME L OMRERSZRRD oA, 5, Zhil B
B AR (—15°C) 13317 % Mi% Na WEEIZ 4 » AL EREL TV 3 L EA SN 5, Caraway'® idk
FOFEBOT —20°C CHEEEEL 1254 Na I 1ERRTSRETHI L HEL TV, B
BERETORBMRE 37°C AR 2 ORFRIMEOR It L 5 Na REOELIKE FRLEI R
N -1

— 10 —



b

= U= X MRORFME S RSDOER-T

Table 2. Changes of potassium concentration (mEq/L) of serum samples stored
at different temperatures.

Initial value: 3.63+£0.02
-15°C
Da 20°C 4°C
e (Room) (Refrigerator) Defrosted at Defrosted at
room temp. 37°C
1 3.62+0.03 3.630.03 - -
3 3. 6510. 02 3. 630.02 3.63=0.03 3.640. 02
7 3.67+0.03 3. 650,02 3. 63%0. 02 3. 64+0.02
14 3.66+0.03 8.641+0.02 3.63+0.03 3.651+0. 03
20 3.840. 03* 3. 630, 03 3.64:£0. 02 3. 640,02
30 3.91+0.03 3.6560.03 3.66=£0.04 3.65:0.03
60 - 3. 71+0. 02 3.6710.02 3.72+0.03
90 - 3.840. 03* 3. 66:0. 03 3.720.03
120 - 38.8210.03 8.70+0.02 3.71+0.03

The data represent the mean+SE of 4 samples.
* Significantly different (p<0.05) from the initial value including all later values.

A ®—e 20°C (Room)
4.001 0-=0 4 C (Refrigerator)
-~ 390
=
= 280
-
3701
3.60-
0 3 7 " 20 0 60 80 120
Days
B
*—e -15 'G; defrosted at room temp.
3.901 0--<0 ~15 C; defrosted at 37°C
3
‘S 3.801
A f:”i"”- - /‘;;‘/{
e ;‘l
3.601
v f gl e S, S
0 3 1 1 20 30 60 90 120
Days

Fig. 2. Changes of serum potassium concentration with time of storage. A: at about
20°C (room temperature) and 4°C (in a refrigerator) B: at -15°C (in a freezer)
@©: initial value
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K REE

FARERIET IR 3517 5 Ml K IMEEDRERAOZ{L% Table 2 RI* Fig. 2 iGRL 12, Fig.2 5585 b
mroie, BEEFETIRIE K EEF 2 DB SR ENE TR, BREGRETIE 30 BLARR
ERHEMBEL 2 5onT, BReT BT 3EHAZRL I, SBREGEC BLTH, ZRMBERY
37°C fREikic 30 HDIEETHIMT 2 AN ED 6 hiz, FBFRENTEVE ERED $nER IR,
WENOEEEREIBWT b BEHRSE 23y, EIMERIRLIZWIKE 5T 3,

BRARIT X 5 i K BEOMMOEREIE Na & Figic, BEROF S AMLHEDH» 5 O K OBEHIE
A6N3, LBLERIW OB k5 & Na b E->TKOBHREEY 5 2AOBAT s EIC L5
TOREMEBETHB LV S, TNHARLD de MLEEAVT, F¥5XFELLOKOBEHEAS
oD MIES LRI 2 7 BIREL 1283, M K BB R R A 2B sBED S hish - EREL T
W3, Fh REFI L 3 0E K BECHEMORARER, #EAO ¥ 5 A[EME» 50 KOE
HMTds et 2HERYTRIVERDNS, 72 Na A, MBOBRENELLNSY, DL
LA 5 K REFROZELZFHTDH 3 bBEP>BL » T,

FRGREC Y 3 M K BEOREYMIL SEFEFTH 14 HETH H, Weissman and Pileggi®
Dt FFEBOTORRER S IIZ L T 5, BRERFETE 60 HE TRIFELEDIIRD
sy, BREHERZVABRTHS LBDNS, BHERFETRERMBERY 37°C Madtic, R
YEZBEL CTERE:OBREEERBDONT, Pl i b4 n AR HHEEL T3 EBAbh
3,

EEBIC Y 5 THLNIZ = o~ 2 MED K \EOREHEIL, L K52 de MiiEEHCTHL
b0 LHIZAROBRZRL TV 5, Zhil, RfFcks KBEORZER 2 E (BEEIZ e gL
2o v AMPBCHELL T3 D EEALNED, §DLLSZOEEABMTH 20HL LTV,

BEERECORERED BT L 5 KBEORicik, AELZRBY NG 51 LU
47 BEDE LAY EBL T CCRETA LY b, SBRMEOFH L b EBEHEIC TEZ & 5T
BH, BEL T,

Ca REE

FRTFRGET i 13 3 M Ca MEEDFERFHEAL% Table 3 B4 Fig. 3 WKL 1z, MK Ca BEEIL,
FRFHET 6 LRSI ERN 2R, HRESFCREREFL VAWM TRV, 2HH
DIBREREBEL L3R 2h TRV T 2 BRI 2R 2o DEEGREC L 20§ Ca JER, ZHEE
BR A 37°C R BRI L s T3 HEDORMD T 32 RU Tid 38, MBOREFEREC N
ZFORVERIZEL DI o2, O b, RERENE NI Y MF Ca PEERRGBPHERA 2R 1o

M Ca WIZEH R EFEAL ILIBEBITHED § OMNHFLEL, Ca PhEAFRRELEMATH Y, &
HELBAUTHEELTVS Ca iR BHEOTR AR ERL TLES L EbhTn39, LOTL
bbb, BABLHESU T Ca lL TEMFEICAEL, v4ony T HET 38Rk
250 EMTrRLT B DI Ca BEDOH/VSEL AN £20h 5, RNERTIX, B
Fh b Mm% WY 5 BB 2 BERTML TRER 4L Ty 32, PEH 2mm, &3 10cm D
EHE CREBEEBERI CHER AT 3 BRERTH 2L 5t Bbh3, LML, Eb
OmMFEFEAEIIZEKETIE 10 AE L VBEORPERZFLY, AREET1IHH, HR3IE3
EBARAREETHS EBEINTVEY, 2o 20 MFEBEHEDO REMM b ¢ FFEELRRTD
3LT3L, BAROEMIMES Ca DLW Fig. 384655 RKsEBMC{ERAL T 5 L
BREWVHIZL 25,

—%, MiE2EFET5 L, WHTRIEBORME i Ca BRI L EEL TIERE2 £U 5 2
EbR TV 3D, Ca LIRHEEE D BAGY ILWMPEL, BAKLBAELIZCa Ltk ~<4ont
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Table 3. Changes of calcium concentration (mEq/L) of serum samples stored

at different temperatures. Initial value: 7.51+0.02
-15°C
Da 20°C 4°C
y8 (Room) (Refrigerator) Defrosted at Defrosted at
room. temp. 37°C
6 hr 7.4910.02 - - -
12 hr 7.43+0, 02* - - -
1 7.81+0. 03 7.50=+0. 01 7.510.01 7.49%0. 02
2 6. 560, 03 7.43%0. 02* 7.50=£0.01 7.49-£0.01
3 6.26::0. 06 7.880. 03 7.4540.01* 7.43:+0.01%
5 - 7.23+0.03 7T.4010.03 7.43+0.01
7 - 7.16+0.06 7.39+0.04 7.88+0.04
14 - 6.860. 03 T.09X0. 04 7.11%+0.03

The data represent the mean+SE of 4 samples.
* Significantly different (p<0.05) from the initial value including all later values.

7.501

= 1001 %,
d \\
E N
- ¥
(L]
©-—920 ¢ (Room)
Owe0 4 C (Refrigerator)
6.504
r—— v v e
0wl 2 3 5 1 1y, "
B o—e-15 C; defrosted at room temp.

Omer0 ~15 C; defrosted at 37°C

1.501

ta (mEg/)

7.004

. T T

¢ 1 2 3 5 1

" Days
Tig. 8. Changes of serum ocalcium concentration with time of storage. A: at about 20°C

(room temperature) and 4°C (in a refrigerator) B: at -15°C (in a freezer)
@®: initial value
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Ry PTHEESTRTIBCRO RT3 EBTEILVEIRAERGELIICEAELONS, L b
f{EiTisld 2 MFRIMIRZER TR EFIELEATETH ), ZOTEHIAERT b 24 R, &
T3 LHMLIVATHZ EBEINTVEY, =< 2MFO Ca PEOKEHRE I v + MEFD B
BRI HEEEIL TV 372w, Fig. 3 RL 12 Ca BED B3, MFEBEAKL Y b MiF
JERER & DA L 3L L o T X B SR WlEENL ORIV DL ELLRS,

350, BT 5 E Ca MEDOHPOREEE U T Starik!® 134 5 2FEHS 1 BD 4 7 THK
EHEEELUTHE, Ca 20MbDB A 2 RETS EBEL T3, Zhi, BREHAD ¥ 7 2 BT
Ca HBELTWATAERIES B 5,

PEDE 5 iz Ca MEOCELR IBLOBERNMER N 505, FREFEFCB 5 Mk Ca WED
REREIE, Ca PEEH 12 RGO RECESE: OMIFRESEV B SNy, 6FHET
ThH3:Bbhi, REREREOHAICIE 24 BRI ZTETH 3, BEERE T SRMEFERT
37°C Itz 3 ALAET Ca MERAEEVBD LN Y, KEPHIR 2 AT S LEALONS,
FErAREY i3, v FIED Ca MEFIISETIZ1 B, BRET3 B, #SERET 5 LEMRRE
ETHZEHRELTEHD, Zhs DERFEROEEL b HBRHNENBTH 2, COHEDERNDR
RELTI}, e bMIFE = v 2MBEOLFERSOEY, BREREOBNZENEZ LN S DREMD
BRI SHORBEE Bbh 3,

BRERFOBSOREEED B\ ic X 5 IiF Ca BEOEcIE, 2BR%EL THES kA
g o1,

Mg RE

FRERET BT 3 M3% Mg IEEOREREE L% Table 4 XU\ Fig, 4 1RL 12, Fig. 4 585
WX I ERGT, DBERGRONHMERELC, FEPMBE L30Tl Mg BB
BT 3EAETL, RERESBWIIE ZOHEMIRKL D5 DTV S,

I L 3 Mg Mg IBEEORPOREE L Tid, Mg it 8 EBEK EEAL 12 IBEITHED b O FE
U, FEEIHED Ca tRRIKBEAEOTMIEITEMIC X - THILBAL, Zhik Mg IBED B3
Fla@rahasrtdBAONS,

g Mg BEEIR 3 H B CORRBECEBHEL OM FELEI L, 3BFARXKRETHI LR
bz, IARERECTR 2 BHNERERHE: OMcHE sER2EL, ZhSEEYPRI 28T

Table 4. Changes of magnesium concentration (mEq/L) of serum samples
stored at different temperatures.
Initial value: 3.0010.04

~15°C

Da 20°C 4°C

y8 (Room) (Refrigerator) Defrosted at Defrosted at

room temp. 37°C

1 3.00=0. 03 - - -

3 2,980, 04 3.00=£0. 06 3.010. 08 3.01=£0. 04

7 9.830. 04* 2.93:0.02 2.99-£0. 08 2.98::0. 04
14 2. 560, 03 2. 9330.05 9. 940, 03 2. 95=£0. 05
20 - 9. 7440, 04* 2.97%0.03 2.950. 05
30 - - 2. 580, 05* 9. 650, 08*
60 - - 9.50=£0. 05 2.570.02

The data represent the meantSE of 4 samples.
* Significantly different (p<0.05) from the initial value including all later values.
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A —e20% (2oow)
0-+-0 4 C (Refrigerator)

KRl

Mg (l[q/[)

2.404
01 3 7 " 2 3
Days
B —a -15°C; defrostsd at room temp.
O-=-0 -15 G; defrosted at 37°C
310
= 3.004
2
=
oo 2.801
=
2,80
2.401
¢ 3 7 1" 20 )
Days

Fig. 4. Changes of serum magnesium concentration with time of storage. A: at about
20°C (room temperature) and 4°C (in a refrigerator) B: at —15°C (in a freezer)
@®: initial value

»BEEAOND, —F, AREFRETIIERMERKY 37°C fERtic, Mg #EIX 20 B TRRE
FL T3, WEEREFECRY 5 ZRMEL O 37°C RO MERERED B T & 5 Mg BED Fkic
i3, 2 P BEREL THEESERIBD O 5T,

BERE

S REALET B 5 MER B ME OFERNE(L% Table 5 RI* Fig. 5 RL 2, Fig.5 »5H5
bk e, BRBETREROKEIE > CHESBRE BN 2 @R 2R, BRERETH
ST A B L, PIRYBOLIMIMERERL TV S, Ch&iRPCRARERETREZRMBERY
37°C #Egidtiz, 2 BRI iR RABibiRewvy, REHRB R 3 onTULIZvie BT 3
fEm%ZmRL T 3,

FE RO SRR R 2 IEFSEREOHNOKRE L LT, WLiFrERRBHRETRE
42+ NaBEERD K MEELBIINT 2EM%ETT C &5 56, TO Na BT K RE DM EERE D
MBS L T 2B AN 3, LU, Na R K REDZNFh O % Bl BERE
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Table 5. Changes of osmotic concentration (mosM[Kg) of serum
samples stored at different temperatures.
Initial value: 30730.4

-15°C
D 20°C 4°C
ays (Room) (Refrigerator) Defrosted at Defrosted at
room temp. 37°C
6 hr 309+0. 4 307+0.7 - -

12 hr 310+0.7 307%0.5 308%0.7 309+0.4
1 312+1.4 308+0.3 309:£0.5 309+0.4
2 316+3.8 316+0.7 310+1.3 309+0.4
3 32013.0 310+0.5 302+3.6 3060.9
7 326+0.9 313:£0.5 302+2. 9 306+1.5

14 - 318+0.7 3001+0.4 . 297+2.5

20 - 320+0.7 293+0. 6 296:0.9

The data represent the mean+SE of 4 samples.

A
= e—e20C (Room)
= 340‘ 0---0 4 T (Refrigerator)
~
=
g
E ’,o-—-'”'—--o
£
S

3001
0 12m 1 2 3 R
' zunays
- B
S o—e ~15 'C; defrosted at room temp.
SN . .
E 0--0 ~15 C; defrosted at 37 C
£ 3204 .
S e
E ------------- ?‘\
S 300, - i 3
. - Q}
290
0ommi 2 3 7 4

Fig. 5. Changes of serum osmotic concentration with time of storage. A: at about 20°C
(room temperature) and 4°C (in a refrigerator) B: at -15°C (in a freezer)
@©: initial value
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WU L THIzh, Z2h U LR BSBmMEE L Tz, Ud b Ch b O 44 OBfihs £l
ORFERECRIZTHEI A4 OFEFEZBRT 5 L BMSHE» L BLNBEL D b BT
b%. T, Na RU' K BELAOER S, COBREBEORMCEEL TW230: Bbhi,
Plad, ZVBTEDDH 5057 4 V2 %BL TREFO CO: BIFFRBI L ERRE LT, E
REEVBTE, ChIRL Y BERESEDON LS L bHBING, —F, ARERFCET 2

2 HPABRO RAFME OB EREORDICIE, BRRL 172 Ca B Mg BEO BRI BEL T 32 &1k
FRINGY, EEHELEHINS Ca R Mg BEOBPAIZI TR Fig. 5 #5603 X 5 2@
EREOHWDRIFASHR T, OER, 23 h EAE BIRSOFEEOES LB thilliic
L ABRBREOBILELLNEG,

MFRBBE R TRORERFCBOTH, HENBOBRETEEE: ORI HEHNERELT
Utz UL, MEBBOREZEARAN, KEHEE 2R FROMEME L DE 1% RN CRE
ETH2LEALT, ZhZNORFEGCEY AREFHEIEL 12, Zhick 3 &, BREBFICS
UagEdE 1 B, IBEERETIR 2 A BRNEBERESSBITENL Tk b, T O
HICENOEMIZ L 3 b DTH A RERTD 54, ABERET b MIFESHRED SEHE 1
HEiLBbh3, —F, AHEERTE L IBREREOLEYBR 1 BM T S :ELbNE, TX
BAERRK O 37°C BEROBHEBMEDE T & 5 R ERE OEviciz 20 A 2EL T, HEaER
ENR eRi S I

PLEDRERD 6RO AR ORELE % Table 6 € EHTz, EHLHLM L Hic, Na RO
KIZHBMEEZRATH Y, BET2HEH, BHEEFEC4yARRETH 5. THICENT, Ca K
UBREREIFECAZETHH, Cai3ZET 6, AREETL 2 HRU L EBERHETCA Y
Vo Tk, Ca ROBEREOMERIBMAEDL T C 2¥BETh, LU EZABRTEIRS
IR IZ B BEL TR CEBYBETH S, THMFOHBERN > A EIH 5 A FEL I
BRAY & DAHEERZH S, vV a—~ T3 EBEFL L, i Na R K ik oW THHT
3 LBbh s,

Table 6. Maximum time of storage that maintained the initial
value of each serum factor.

Maximum time of storage (Days) \
Factor 20°C 4°C —15°C
(Room) (Refrigerator) (Freezer)
Na 14 60 120
K 14 60 120
Ca 1, 1 9
Mg 3 14 20
Osmotic conc. 1 1 7
= #

ZHE (1 20°C), HEE (4°C) REBHE (—-15°C) O=20R 4 3 RERbE0 b LTtz
(Salmo gairdnerii irideus) MFED Na, K, Ca, Mg R ZBEDRAENRIC L 2B 2H~N, 2h
FhoReHE zRD 12,

1)  fyE Na BEER RTFRESEH VY, IREIRBEL 2320 TS 2 @R 250 1,
EREHFET 2EH, RRERETHE 2 7 A, BRBFETRPL L 4 2 ABRREEL T,

2) MK BEIRFRENSENZY, TLRFEPRLSEL 232 E8NT 3 EHm%2RL 12, SR
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RAEFETE 280, BEERTECR2 7AM, HEETE 45 ARRHSEEL TV,

3) M\ Ca MEEREREMSEOIZEBMERBY 2R, FEHHSEL 23 ohT AT 3
ERI 2R T2, REMBIEBR TR, AHETL B, SRERETCIZ2HEBTH - 12,

4) f{E Mg BERFFRENEVEY, TEEHRMNEL 25 L ieBPT A ERE R I,
ZEHMIZ, ZRT3 A, RRETIE 2EE, AEERETIR20BETH 17,

5) MERZERECROTit, ZRRCNEERECREPRSRE 2212, MEIRNT 3
ER 2L 1088, MEERFET RGNS 5 HR 2R 12, KEMiz, BRECARETLA
M, ARERETIR1ERTH 512,

6) TR {RTETORBRMBHZK 37°C HROEBHRIEDE T L 5 F{bicid, Mm% Na, K, Ca, Mg
ROBBREDTNTRONT, AELEBRIED LN I 512,

i, ERAPEMT & - bR PAEFRCHERAETRE, ARENBERI BOBH
BLE T
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