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THE REPARTITION OF WATER AND Na+ AND K+ IONS
IN THE TISSUES OF TROUTS
TRANSFERRED FROM FRESH WATER INTO THE SEA WATER
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Adrian Telembici f, Reveica lonifa"

'"Biological Research Cea'fcer - lassy
Marine Research Institute - Constanta

ABSTRACT:

The extra- Eind intracellular volumes asct the dis-tri-
bution of Na+and K+ions in -the extra- and intracellular
compartiments of the muscular, renal and intestinal
tiBsues of trouts were measured st differen-t intervals
after the transfer into the sea water. The ertra- and
in-tracellular volume and the Na+ conten't increased, and
the K+ content decreased in the fire-t day, then was seen
a slight tendency of coming back -to -the initial values
(except -the intracellular volume), which were reached in
the marine fully adapted trouts. In these animals a new
hydrlc and ionic equilibrium was reestablished.

The adaptation of animals to hypo- and liyper-osmotic
environments implies the existence of a compartment, the exfcra-
cellular fluid, as a buffer between the external medium sad the

cytoplasm* An essential element in this regulatory system is the
control of the entry and exit of water and. salt; accrosg the epi-
thelial permeable membranes located at the body surface* A second
selective barrier is loca'bed between .the exfcracellular and intra-

cellular compartments andl it is represented toy the cellular mem-
brane. 'rjie literature abounds in papers concerning the role of the
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epitbslial barrier, but it is rather scarce as concerning the
osmotic relations between the exfcracellular and intracellulaa?
fluids (1. ^, ^).

In this paper we studied the variations of the water
content and ioxiio content (Na+ and K+) at the external and inter-
nal sides of Ibs cellular membrane in the tissues of trout trans-
ferred from fresh water into the sea water, during the adaptation
period*

MAT2EIAL AND METHODS

In our experiments the 5-ysar-old trouts were transfer-
red from the fresh water into sea water with a salinity of 17 %o
(the average salinity of the Black Sea), then we followed the re-
partition of water and Na+ aud K+ ions in the extracellular and
intracellular space of -bhe striated muscle, gut and kidney, after
1, 3, 7 and 70 days. For comparison, the water and ionic'diefcri-
bution in tissues from the fresh water trouts and the marine
fully adapted trouts (which had been transferred into the sea
water 5 years ago. in^the seedling stage) were measured, too.
Simultaneously, the ?a+ and E+ concentrations in the serum of the
trouts were measured*

The meaaurement of the total water content was Blade by
drying the tissues at 105°0, and the extracellular volume was
measured by the "inulinic space" method. The difference between
the total water and the exfcracellular water represented the in-
tracellular water content.

Ihe total ionic content (Na+ and E+) was measured ia
parallel samples of tissues, by the flame-photometric method.
Before this measuremeut, the tissue samples were kept for 3 hoars
in a "Oortland" physiological eolation (g), in order to obtain an
extracellular ionic concentration equal'to that of the physiolo-
gical solution. Knowing the volume of the ertraoellular fluid aad
the ionic concentration in tMs compartment, we calculated both
the extra- and intracellular ionic contents, and tto intraoellular
concentration of Na+ and E+.

The results represent the mean values obtained from 5-6
inclividuals.

192



mg% A

:^^
. / \
7^ i
ss

mf%
tf'4

/ // /// /V V Vf

s

SO 1^..
.I-

/e

.
-t--.

\ ^

ff?g%
75

^'t~^~^-^ \^-J/.'"'-I-.-^^ K
/ // /// /V V V/

c

.

^^-+-^.
^ A^f

/ ' M

1-. ^-- 'i/

W
/ // M /V rf V/

Fig. l- The repartition of water
in'the tissues of treats trans-
f erred from the fresli water
in the marine water, after l^,ay
(11)75 da^s (III), 7 .lays^^lT)-.
?0 days (^)and. 5^ years ^VI)*(A»
the total water;Btthe extraoel-
tolas water;0:tlie intracellalar
water; K: kidney, M: muscle $
I: intestine)

EESUUES

1. KEPABTOTION OF WA3CBR
A day after the -brouts had

been transferred into the sea

mater, the total water con-benb of
tissues was significan-bly incre-
ased (Fig. 1 a). During the fol-
lowing days, a slight -tendency to
a slow reourence of the normal

values was observed, so that ta
the marine adapted anJLmals, .the
recorded values were close to

the normal ones*

In ths first day after the

transfer, both the extra- and
intracellulas volumes were in-

creased, except the muscle, where
the intracellular volume decrea-

sed and continued to do so for

some ? days (Fig. 1 b, c)» After
70 days the extracellular water
content was lower and the Intra-

cellular wsbsr oontent was higher

than the normal values of the

fresh water trou'fcs, and -tliis pfa.e-

nomenon was maintained even in
the fully marine adapted trout s*

2. RBPARTIIION OF Na
The traxisfer of the .brou. 'fcs

into the sea water weis followed,

in the first day, by a rapid in-
crease in the tissue to-tal Na

coat ent, then a slow coming back
to the normal values was recorded

(Fig. 2 a). In the marine adapted
fishes -the total Na conteatin
the tissues was closely to the
values aCtlie fresh water ardmaLs*
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The extracellular Na+ content increased too in the first day, but
the following recurence was more rapid, so that after the 76'days
it was complete (Pig. 2 b).
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Fig. 2 - ^repartition of Na+ in the tissues of trouts trans-
,,fTOffi. the. fTOSh. wat®r. in_ ̂ e; marine" water "(I^VI

^. K^M'ILa8-in, FiS-^ A: total ^a+F'Brexfc^aceliular
S^iSn)intracellular Na+i JDS "int:racellulsc"N^''c^^n-

These variations in the extracellular Na+ represented,
however the changes in the extracellular space; the actual vari-
ations in the extracellular Na+ concentration are represented, in
fa!t^b^ ?e concentration in the serum (Pig. 5). The intracel-

lalar Na" content and concentration changed in the same manner as
the total Na content (Fig. 2 c, d).
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Fig. 5 - The Ka+ .concentration in -ttie serum of trouts transferred
from the fresh water in the sea water.

5. RBPABTITIOK OF K+
In. the first day after the transfer of -the trouts infco

the sea water the total K contertfc was stroiigly reduced and remai-
ned so for long time (Fig. 4 a). Even thoagh a slight; tendency to
return to tfae normal values was observed., the recovery was complete

after 5 years only, i.e. in the marine fully adapted fronts. Siie
extraceIAilar E content; followed the same varisbioas as the exfcra-
cellalar volume (Fi. g*4 b), but the E concentra-tion in the sera's
was raJLsed throughout the ?0 days after the transfer of the ani-
mats into the sea water (Fig* 5). However, in the marine fully
adapted, . trouts the serum K concen. 'fcrati. on was lower than in the
fresh water ones. Ihe observed. K+ loss fron the tissues was due iu
fact to the £+ leakage t.eom the intracellular compartmen-b. IiKieed,
the intracellular K ooaten-t and concentration were drastically
reduced in the first day after the traasfes, and. this situation
was found evea after ?0 days* Af-ber 5 years only, in the marine
adap'fced aaj.male, tbe normal intracellular E'
fully restored (Fig. 4 o, d)*

concentration was
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Fxg. 4 - The repartition of E+ in the tissues of trouts transfer-
red. from the fresh water in the niarine water (I-VI"and.-E,
M, I; as in S'ig. l, At total K+i Bt ertraceUular K+;~0i'inl
tracellular K+; D» jLatracellalar E+ coucentration).

DISCUSSION

It is well known that the osmoregulatory balance in an
hyper-osmotic medium is dociinatea by the osmotic water loss by
the aainials. In this con-bexfc, the increased tissue water con-bent,
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o'bserved in our experiments after the transfer of the trouts into
the sea water, appears to "be very surprising* However, many years

ago, SMITH (5) was the first to propose -bhat marine teleos'fcs driok
sea water to replace the water osmotioally lost across the "body

surface* Subsequently, it was sliown tha'fc 60-8056 of the ingested
water ia intestinally absorbed, and this fraction increased with
increasing the salt conceQtration of the ingested water (g)» Ana-
lysis of the rectal fluid or in-besbtnal content showed that about
99S6 of Na+ and 01"" from the ingested water was absorbed., therefore
the salt was absorbed more rapidly than the water (g) .
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Vis* 5 - Tbe E concentration in the serum of trout; s transferred
from the fresh water in the sea water

Having in mind thess findings, the increase of the tis-
sue water content observed tsy us when the t?out s were transferred
into the sea water seems no more surprising. It is clear that the

iutestinally absor'bed water is distri'buted, during the first day,
naiiily in the erbracellular space, but i^ enter also the intracel-
lular compartment of the kidney and gut. In the muscle, vtaich re-
present the ms^jor par-t; a£ Vas body weight,there Is an osmotic loss
of water during the first 5 days after the transCer* Then the ex-
tracellulas volume decreases and -bhe cells gain water, Tliia water
gain may be a-btribated to the sodium influx, that majres the intra-
ceUular medium hyperosaoti.c with respect to the extracellular oue*

Concerning the ionic conteat, it appears to be normal
that the -tissues should accumulate Na+ and lose K accordixig to
the concentration gradieata of -fchese i.ons. Indeed, after the
transfer of the trouts into the sea water the Na coaceiitr&tlon
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gradient across the cellular membrane decreased dramatically, , biifc
the decrease of the K concentration gradient; was less marked.

Although the osmotic and. ionic concentration gradients
across the epithelial membranes were inverted in the sea water
troute as compared to the fresh water trouta, the ionic coacentra-
tion gradients across the cellular membranes were never inverted
in the adaptation period of the trouts. This fact suggests a rees-
tablislunent of a new hydric and ionic equilibrium in the marine
adapted trouts, wMch implies a series of adaptive modi. fi cations
in the membrane passive perns ability and in the active ionic
transport. A characteristic of this new equilibrium may be an in-
crease of the celltOar volume, with a parallel diminution of the
extracellular space. The ionic composition of the extra- and in-
tracellular mediums is modified too. Thus, the seram E+ conceatra-
tion is lower and the intracelltd. ar ]STa+ concehtrabion is higher
in the marine adapted tjoats than in the fresh water ones.

Because tbe osmotic gradient and the lacd. c concentration
gradient across the epithelial moabranes are inverted in the ma-
rine adapted trouts, it mast be admitted that the major adaptive
modifications take place at this level. These may be the modifi-
cations of the passive permeability and/or .modifications of .the
sense and rate of the active ionic transport.
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