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CHANGES IN C1 TALASE ACTIVITY OF THE TISSPES A~D. BLOOD 

. OF '~MASU", ONCORHYNCHUS MASOU~ WHEN TRANSFER~D 

FROMFRESIJ-WATER TO SEA WATER 

Sh41jiro KOBAYASHI 

~aculty of F~sheri~, Hokkaido University 

There' have been many reports on studieS of csmoregulation' in salmon fry; paiT and 

smolt.I)· As possible regulators of salt and water bai~ fu fish, some horinooeS such 
as those of the thyroid, the gonads. 'tl:e' interienals and tl:e pituitary glands have' been 

investigated. S) However, it is preSumable that some' enzymes in' tissues and blood ' might 

'also be re1~ted to osmoregulation in fi~h. 1n previous pa~, the ~uthor has rePorted 
tEat the kidney catalaee activity 6f the aalmonid fist:es i~ inuch higher than' that' of 'the - , 

'typical fresh-water ories,3) and that in Oncorhynchus mas6u the catalase activit:Y'of the 
liver, 'kidrley arid blood of the smoltis sigriificantly higher than that of the Imr, at 

least, in the time Of the eeaward rhigration.4) 

The present report gi;es the resultS of rut experiment performed. to find 'whether 

some 'changes of the catalase activity of the tissues and blood in tlie smolts of O. masou 

occurred when they were transferred 'from fresh-water to sea water. As the experimellt 

was done at the time of the seaward migration of this species, it may be said thai the 
., , . . ~. ., . ~ . 

smoli:$ llsed were a physiologically marine form.5)0) 

J'he author wishes to acknowledge his indebt$ess to. ~. T. Kui?o, Assist. Prof. 
of Hokkaido University for supplying the fishes used. it' is a pleasure to record here a 

debt of gratitude to Dr. V. S. Black of the University Of British Cohimbia f6ihis kind . , 

eending of literature. Thanks are also due to Mr: R. Yuki for generous assistan~ in 
carrying out the experiments. 

MATERIALS AND METHODS .... 

In the present experiment were uSed the'smoltsot O. masou which'bad been reared 

in a fresh-water pond. The experiments were penoinied twice in two years. The ~first 

experiment (Exp. No.1) was done during July 24-:AugustS, i953; this~idd isa 'little 

past tl:e active eeason of . the t;eaward migration in the srnolt of ,this fish.' The. second 
experiment (Exp. No.2) was performed on June 2::3, 1954; this time just corresponds 

to the active season of seaward migration. In spite, of that the date.,of Exp .. 1 was later 
than that of Exp. 2, the fiShes of the former were smaller in size than thoSe:.. of the 

:latter.The body weight was 16-38g and the standard .lellgth .1LS:--14.7cm, in :Exp. 1. 

,-and the body weight 28"-S3g and the standard length 13 .S-r16 .4Cm in Exp~ 2.: 

The fishes were acclimatized in dilute, eea water. T.he periods of such accliJriatiza
tion were 26 hours in Exp.l: and 3;.5 .hours in Exp, 2. The dilute sea water jri Exp . .1 
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was about 40,% sea water, and its 0"16 was 1.009. In the case of Exp. 2. sea water 

was dropped slowly into fresh-water during 3.5 hours, in which water the fishes were 

acclimatized gradually; the final 0"16 of this dilute sea water was 1.006. Then the fishes 

were transferred to sea w~ter. The 0"15 of sea water used was 1.024 in Exp. 1 and 

1 .025 in Exp. 2. In both the acclimatizat!on and experiment, aquaria of about 21 liters 

in Exp. 1 and of about 29 liters in Exp. 2 were used. Into these respective aquaria were 

transferred 17 fishes in Exp. 1 and 31 fishes in Exp. 2; the water was constantly aerated 

and renewed every other day. The water temperature was varied from 14.6° to 15.6°C 

in Exp. 1. and from 10.5° to 1l.0°C in Exp. 2. In both experiments, thefishes were 

fed sparingly with dried and· ground crustacean ·larvae in the aquarium. Although the 

al\lse was not clear, the fishes of Exp. 1 fed well, while those of Exp. 2 ate little. As 

the. control fishes, smolts were used which were collected from the pond in which they 

had been reared. However, examinations were made to ascertain whether or not the 

altalase activity in tissues and blood changes when the fishes are confined several days 

to a small aquarium. Table 1 shows results, however, for parrs of O. masou, which 

Table 1. . Influence on the catalase activity in the tissues and blood of the 
parr of Oncorhynchus masou when confined two weeks to a fresh
water aquarium with running water; July 29-August 12, 1953 

~ 
Catalase activity 

blood M±standard error of the mean* I No. of 
fishes 

Group Liver I Kidney I Blood I· Gill I Stomach I Muscle , examined 

Pond 76±2.7 16±1.8 19±2.1 1.6±0.35 \ 6 0.55±0.164\ 0.66±0.017 

Aquarium 61±2.1 13±2.2 16±0.8 2.4±0.68 0.97±0.196

j 

0;32±0.076 5 

p** <0.005 >0.3 >0.2 >0.3 >0.1 <0.005 

* Standard error of the mean =Jd2/n(n-l) 

** Probability was calculated from the table of Student's t, using the equations: 

t=ml-ffi2/J SE~ -SE~ and n=(n1-1)+(n2-1), 
where m1 and m2 represent the two means, SEl and SE2 the two standard errors, and nl and n2 are 
the number of fishes from which the respective means are obtained. 

were confined two weeks to a fresh-water aquarium through which running water was 

flowing. It will be seen that the significant falls were found only in the catalase activity 

of the liver and the musle. Possibly, similar falls might be observed in the smolts if 

examined. 

The methods of enzyme preparation, and of the estimation and calculation of catalase 

activity are the same as those of the previous experiments. S){) That is, the catalase 

activity was calculated in k per dilution rate. of tissue· wet weight g, except that of the 

blood :where it was calculated in k per dilution rate of the blood volume sampled. 
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RESULTS 
The results obtained are given in Tables 2 and 3. The changes of the catalase 

activity in the liver, kidney and blood are illustrated in Figures 1 and 2. 

Liver. In Exp. 1 the catalase activity increased at 6 hours in the dilute sea water 
to a highly significant degree (P < 0.001). However, in both experiments no significant 

changes of the catalase activity were found after transference of the fishes from the 
dilute sea water to sea water. 

Table 2. Changes of the tissue catalase activity in the smolts of O. masou in 
dilute sea water and in sea water (Exp. No. 1); July 24-August 5, '53 

~ 
Catalase activity I No. of M±standard error of the mean fishes Time Liver I Kidney I Gill I Stomach I Muscle examined 

6 hrs in 
dilute 69±0.2 18±1.8 1.9±0.13 1.3±0.27 0.20±0.034 5 

sea water 
p <0.001 - - >0.7 >0.2 

12 hrs in 
sea water 63±3.0 13±0.7 2.2±0.05 0.63±0.184 0.26±0.142 4 

P >0.1 <0.001 >0.1 <0.05 >0.6 

24 hrs in 
sea water 63±4.1 17±1.3 2.1±0.38 0.79±0.150 0.14±0.017 5 

p >0.2 >0.5 >0.6 >0.05 >0.1 

48 hrs in 
sea water 62±3.3 17±0.9 3. 7±1. 78 0.90±0.149 0.58±0.200 4 

P >0.3 >0.4 >0.3 >0;1 >0.3 

12 days in 
sea water 59±1.2 16±0.7 2.4±0.25 2.0±0.32 0.22±0.026 8 

p >0.6 >0.05 >0.1 <0.05 >0.3 

Control 
(Pond) 

58±1.7 18±0.7 1.9±0.17 11.2±0.12 I 0.34±0.120 I 8 

Table 3. Changes of the catalase activity in the tissues and blood of the 
smolts of O. masou in sea water (Exp. No.2); June 2-3, '54 

~iSSues and bloodl Catalase activity I 
Time in ~ea water ___ ~_M±standard e~or_of the mean_~ __ _ 

~ LIver I KIdney I Blood 

3 hrs I[ 53±7.1 9.4±1.95 I 15±3.0 
p >0.6 >0.1 - >0.5 

6 hrs 53±3.8 8.5±1.63 16±2.9 
p >0.4 <0.05 >0.7 

12 hrs 46±3.1 11±1.7 15±O.7 
p >0.4 >0.3 >0.2 

18 hrs 41±3.4 12±0.5 16±1.6 
p >0.05 - >0.3 >0.6 

Control 49±2.8 13±0.8 17±1.6 
(Pond) 
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Fig. i. Changes in the catalase activity of the liver (.) and kidney 
( 0) in the smolts of O. masou in dilute sea water and in 

. sea water (Exp. No.1); each bar indicates the standard error 
of the mean in the experimental fishes and the height of 
each re:;tangle shows that in the respe::tive control. 
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Fig. 2. Changes in the catalase activity of the liver ( .. )} kidney 
(0) and blood ( ... ) -in the smolts of O. masou in sea 
water (Exp. No.2); each bar indicates the standard error 
of the mean in the experimental fishes and the height of 
each re::tangle shows that in the respective control. 
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j , . 

Kidney. In the dilute sea water, no significant changes were found in the catalase 

activity in both experiments. However, in sea water the catalase activity fell at about 

6-12 hours and returned to the normal level after about 12-24 hours. The depression was 

highly significant (P < 0.001) in Exp. 1 and piobably significant (P < 0.05) in Exp. 2. 

Blood. The changes in the catalase activity of the blood were examined only in 

Exp.2. No· significant changes we:e found, at least, within 18 hours, though the individual 
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variations were large during the initial 6 hours in Sea water. 

Stomach. No significant changes of the catalase activity were found at 6 hours in 

the fishes in the dilute sea water. However, the enzymatic activity decreased at 12 

hours in the fishes in sea water, and the depression was probably significant (P < 0.05). 

Even after 24 hours in sea water, the catalase activity appeared to retain the low level, 

though the fall in this period was probably non-significant (P > 0.05). After 48 bours 

in sea water the catalase activity appeared, at first, to approach the nonnal level. 

However, it increased conversely after 12 days in sea water, and the increase· was 
probably significant (P < 0.05). 

Gill and muscle. In tissues of both gill and muscle, no significant changes of the 

catalase activity were found either in the fishes kept in sea water or in those in· dilute 

sea water. 

DISCUSSION 

It bas been reporte::i that Atlantic salmon smolts can survive dire:t transfer to sea 

water. 1;7)8) Similarly, the smolts of O. masou could be transferred from fresh-water to 

sea water dire;::t1y. However, a method of acclimatization in the dilute sea water. was 

adopted taking the natural migration of the fish into consideration, and as the time for 

that acclimatization 3. 5 and 26 bours were selected in the present experiments. 

As described in the previous papers/)4) the pbysiological significance of the catalase 

activity in the tissues and blood is not clear at present. However, it is noticeable that 

the kidney catalase activity depressed at about 6-12 hours and ret}u"ned to the nonnal 

level after about 12-24 hours when the smolts were transferred from fresh-water to sea 
water; these times just agree witb those of botb the marked increase and return to the 

nonnal level in the body chloride content of the cbumsalmon fry in sea water. 9) Further, 

in this connection it is very suggestive that changes of the structure of the tubules, 

unusual increase of the secretion in them, and agglomerated appearance of melanin in 

the connective tissue cells have bee!l. observed in the kidney of goldfishes which were 

reared several days in dilute sea water.10) 

No significant changes were found in the blood catalase activity. That may be 

ascribed to the evidence that this e'1Zyme exists mainly within the blood cells being pro

tected by their membranes.1l)l2) However, as is clear judging from the values of the 

standard error of the mean, the standard deviations of the blood catalase activity are 

considerably large, at least, at 3-6 bours in sea water, though the changes were not 

significant. Similarly large fluctuations of the e'1Zyn1atic activity. could also be found in 

such tisSu~s as those of liver and kidney in the' initial several hours in sea water. 

The depression of the stomach catalase activity may be associated with the fact that 
the fisb drinks sea water. Contrary to expectation1)9;13) no significant changes were found 

in tissues either of the gill or of muscle. It is not clear at present whether that is 
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actually the case or whether small changes but large relatively to the very low levels 

of these tissues may occur which could not be estimated by the present method. 

SUMMARY 

The smolts of Oncorhynchus masou were transferred from fresh-water to sea 

water after being acclimatized in dilute sea water. On these fishes, the changes of the 

catalase activity in the tissues and blood were examined at various time intervals. 

1 . The liver catalase activity showed a significant change at 6 hours after trans

ference of the fishes to the dilute sea water. However, no significant changes were found 

in transferences to sea water. 

2. In sea water, the kidney catalase activity of the experimental fishes decreased 

significantly at about 6-12 hours and returned to the normal level at about 12-24 hours. 

3 . Any significant changes of the blood catalase activity were not found. However, 

a large fluctuation of the enzymatic activity was observed at the initial 3-6 hours in 

sea water. 

4. Significant depression of the stomach catalase activity was found at 12 hours in 
the experimental fishes in sea water. 

5. In tissues of both the gill and muscle, no significant changes were found. 
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