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ABSI'RACI:

Thé effec-tB of low salini-tiee (8 and 5^0) on hydrio and
minéral balance of aales aad feaalee of Palaemon ad-
spersue were Btudied. In hypo-saline inedia,bo-th sexes
showed notioeable possibilitiee of osmoregulatioa due
to modifications of passive permeability of thé cell
menliranes and tiy stimulation of thé ac-tive ionic traas-
port nech. aniBnB.

Thé présent work is a part of thé expérimental séries
which we performed, concerning t:o thé water and inai.n ions (Na » K^
Oa ) dyiiamics across thé cell membranes of P. adsuersus, in con-
ditions of salinity decrease of thé sea water.

It is known tjaat thé adaptation to thé hypo-osmotics
environments (as well as to thé hyper-osmotics) involves thé
existence of an intermediary compartment - thé exfcracellular
fluid,having a buffer rôle between thé erternal médium and living
cells. Ihat is why, any modification in thé composition and osmo-
larity of thé aabient médium assumée a direct intervention of thé
exferacellular compartment in thé régulation and. oontrol of thé
insit aad exit of thé water and salts across cell membrane with a
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view to establishing axid controlliag thé oanolarity of thé intra-
cellalar fluid as an esseatial factor in naintaiaing thé viabi-

lity la tbfi celle.
One of thé asual ne'fcliods enployed in thé researcli of

thé water dAfftributioa coaceriiAng thé altemations ia osnolari-

ty of extexnal nediua oonsists in tlie neasurirtg of exfcracellolar
space of tissues. Ihis involvea thé calculation oif thé tissue wa-
ter fraction in which a subsfcance (e. g. inulin) to iiliich thé cell
aenloane is imperméable, is distributed in a similar conceateation
to that of thé incubation mediaa. 'riius, thé iatracellular vetss
coûtent can be deduced fron thé total tissae water content;, af ter

thé correction for thé extraoelluleo water has been aade. Simul-

taneously with thé modifications of thé hydric coûtent, in thé tmo
compartments take place modifications of thé ionic coneentratioas
which implies a séries of interactions betweea thé solTent(water)
and soluté, sol vent aad men'braae and thé .soluté and aembraae*

Some of thèse intricate anâ. less taiown aspects, par-bi-

cularly regarding thé Black Sea shrimps, in low salinity condi-
tiens, are presented in this paper.

UAIERIALS AITD MBIHODS

Thé expérimenta »ere performed <m adult mâles and fe-
mâles (wanting in eggs) of Palaemon ydsT)ersas, in siuaner (July and
September) .Tlie animais accomodateâ. to normal sea water (17«5 6 ^0
salinity) were transferred d.iiectly-without intermediary salinity
steps to salinities of 8 %o aiid. 5 %o respectlvely. The dilution of
sea water was made with declorineâ. tap iïa'ber.

Thé measuremen-bs of thé water, Na ,K aiid. Oa dynaBiics

were performed to contrais (0) and to intervals of 24, 48 aad 96
hoars from thé moment of salinity decrease, on thé two sexes, se-
parately. Bach experiment W£LS perforned on 5-6 animais, tafcing
duplica-bes of tissue samples. One sample mas dried to lo5UC for

determining -bhe total water content (W^ ^. ) as well as thé to-bal
tissue conten-b of -fclie stuâied ioiis. The second sample was used for

tfiè measurement of thé exfcracellalar space, i.e. exfcracellulso
water coûtent (W. )« Ilie extracellular water was deteriained. by

using thé inulinic space method, while thé measurenait; of total
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Pig* l - ïater dynamics in thé body tissues of thé Palaemon ad-
iag àhrimp af-ter thé decrease of thé salinity from

'7^0 to 8%o aad 5%o respectivelyî a - total water;
Ta - intracellular water; e - extracellular wa-fcer
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tissular ions ̂ ^ K^t. » GaJît. ) by naaephotometriG_aethod.
Both parallel aaaples. before processing, were Itept for 5 hours,
fox ionic eîuilitoiua with thé extïacellular fluict, in sea water
having thé "correspondent ^salinity of eaclx moment iû wiiich thé
experiaents were perforneâ..

Prom thé results obtained vi.th respect to .bo'tal tissu-
lar water axîd extraceUular space, thé intracellular TOlume of
.ater (W<) can be calcalated. On thé basis of thèse data as well
as of thé flamephotometric deterninatioas of thé ions from tissae
sanplesand eon_sidering_ thé ioxiic coaceirterations fron extracell
f laid [Na3 .[^ , [Ga^] equal (af ter eîtiiliteation) with toose
from thé iacubatlon BoîAion, thé content of ions from. the iatra-
celltilar compartmeat (N8^, S^, Ca|+) can be calcalated.

To get a cleal~pi. cture on thé dynanics aoross cell Ben-
brane of thé ions studied, we hâve expreBsed thé valios obtained
in terms of tlieir concentrations in extra- and intracellular
fluids (mg/loo ml W or mg/loo snl W^).

Thé ïesults are expressed as averages of values obtain-
ed from 5-6 individuals.

RESOIOS

l. THE EFPEGTS 0F LOW SALINITIES 0F SBÀ WAÏER ON HÏDRIO AÎID
MINERAL BALANCE TU MALES 0F Palaemo& ad. suersujs

Thé decrease of axternal nedium saliixity troa 17. 5^o to
8 %o caiised, in thé first 24 hours, a slisfat increase of thé total
water content accompanied by a significaat ealxancsment of hydric
content in exfcracellular space, and a deerease o£ that in intra-
cellular compartment. simaltaneously. In thé followiûg period up
to 96 hours. the total water content is maintaioed alaost constant
at thls high level as .fche reentrance of water into cells taïea
plaça on account of extracellular compartmeat(Table l,Fig. la, b, c).

Goncomitantly with thèse hydric moàifi.cations, a séries
of important changes of ionic concentrations takea place, espe-
cially in thé intracellular compartment. îhus, after 24. houis froo
thé decrease of external meâium salinity, thé total Na" coûtent
of tissues is reduced to half because af thé excessive diminution
of its concentration into cells. below thé extracellular level. and
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whi.ch l.s aaintained in thèse liaits (with uniaportant osclUa"
tioas) tlirouglxout thé experinent (Table l, îig. 2a,b).
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Ihe total amount of KT decreases drastically in . 8

first 24 hours, because of thé ion conceatoation decrease in thé
cells but subseqLUently, af ter 4. days, there cônes out a visible
tendency to restoration both quaatJLtatiyely anà especially its
intracellalar eoncentratl. on (Tatîle l, Fig*? a, b).

With respect fco Oac"T» ils total content decrçases gra-
dually throû^ioa'b thé length of thé experimental péri odL. Also, it8
intsacellular concentration deoreases great;ly, excepting thé îissb
24 tours «hea an ijisigaifiant increase iras notjLced (Table l*
Pig.4 a,b).

If thé lowering in salinjLty of anbient médium is more
advanced, naaely from 17.5 %o to 5 ^o, thé sensés of changes in
hydffic content aad ionic coacenteations are likewise thQse de-
picted above, but thé amplitude of phenomena is differed* Ihus,
&fter 24 hours, thé gain of total water is somethiag lesser ad-
vanced as vell as thé loss of water fron 5he cells and its accu-
nulateioa in extracellular. space are less ample by comparison as
obsarved to 8 ?6o salinity*

In thé following 4 days hydremy continues to rise alo's"
ly, by keepàng a Mgh level in thé extracellular space on thé one
hasd a&d»by a gacadual re-entering into cells, on thé other (Sable
l, Fig« l a, l), c).

Ihe total anount In tissues Na cLecreases because of a
dreistic going out of ion f ro m thé cells on thé first âAy, and this
lov level remaias (unal'terable) throughout thé experiment*

It is wortà noticing however, that thé intracellalar
level of Ha concentraïioa renaiiis higbsr tfaan thé extracellular
content (Table l, ?ig* 2a, b). Concomitaatly, wa observe a conti-
auous loss of potassium from thé cells, having. as reaul-t; a de-
c.feaBe of total ion aaount (Table l, Fig* 5 a, b).

With respect to Oa2+, -bhere tàke place considérable
fluctuations both quant itatively and of its intracelltilar concen-
tration. Thas, after a day, Ga concen-brates into cells} sub-
aequently, after 48 hours, its level decreases below thé control
anâ. after 4 days returns a little over thé control (Table l»
Pig. 4 a,b).
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Table 2

Thé water and Na+ K+, Oa dynamics across thé cell membranes of thé females of
Palaomon adspersua tn thé low salinity conditions of thé sea water
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2, THE EFFECIS 0F DECREÂSED SALINEPT OH HTQRIO ATO MIITEEiI.

BALANGB TO FEMAIiBS 0F Palaemoa aâ.SDersus

first Etspect as resulted from our experimeats is that
thé females (wanting in eggs), in normal sea water (l?. ^o sali-
nity) had a lower hydric coûtent (total anâ. in1:racellulal) thaa
thé malesî also, thé total . bissular content as well as thé intra-
çellular concentration of Na were lower whereas for K , thé va-
lues vexe far gseater in comparison with thé mâles (Table 2,
tigs. 1, 2, 5).

Thé decrease to 8 %o oï thé sea water saliaity had -thé
same effec-bs as to mâles but thé anpli-tude of modifi.cations was

proportional to thQ l&vel that sets oat from thé control. Ihus,
thé total . fcissular water increased on thé firgt day by its accu-

mulatiea in -^he interstitial space with a simaltaneously massif
loss of it from thé eells. Subsequently, iQ thé following 5 days,
thé exit of wate£ fiOBa thé cells towards thé extracellular space

Gon-binued slowly,whic]î. results ia tù.e maintenance of a high total
hydric level (labié ?, Eig* la,b»c). Goncomitaatly, tàkes place a
decrease of intracellular Na concentration mhich as early as
on thé first day reaches below thé level from esrtracellular space.
However, subsequen'fcly,a graduai increase of ion concentration infco
cells can be observed but that does no-t excçed af ter 96 hours.the
value from interstitial space (Table 2, Fig. 2 a, b).

As concerna K » thé âecrease of both thé total amoun-b
aad thé intracellular concentration was continuous aad thé ten-

dency of retiu'n. to thé control value gas no. more observed as i'b
was in thé case of mâles (Table 2, î'ig. 5a, b). However, thé value
of intracellular concentration of ion remained higher than in thé

exbracellular médium.
Goncomitantly, a calcium loss from thé cells took place

(.fcha-b affected thé total amount of this ion in tissue, too) alt-
hough thé phenomenon oscillated since after 2 days an incïease of
its intracellûlar coacentratioa was noticeà (Table 2, Fig. 4a,b).

More dilution of sea water (from 17. 5 %o to 5 %o) also
lead. to an increase of hydremy accompanied by a water gain in thé
extracellular compartment anâ. a decrease of it i.ii thé cells (Ta-
blé 2, Fig. la, b, e), concomitantly wi-bh an obvious loss from thé
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celle of thé main ions (Iïa+, K+, Oa2+) which lead to their quac-
titative deerease tron tîie tissaes (Table 2, 7i.sa, 2, 5»4-)*

DISCUSSIONS

From thé axialysis of thé résulta présent éd. atiove, a
fi-rst observation, cônes oa'b nanelj, in tlie nornal sea water
(17. 5%o) thé tissues wbî. ch proçeed from thé mâles of P. aiiBoersus
contain, more water, Na+ aad Oa2+ and less K+» in compsû-isoa witlx
fenales. But, "by â.ecreasiag thé salinity of sea wa^er to S^o, ea-
tirely unexpected it comes out that cm first day t.bie cells lost
a considérable quanti-by of water (from both mâles anà fenales),
thé phenomenon l>eing aûcompanied by a noteworthy decrease of Na ,
S+ aad Oa eoxicentra'feions.

In thége nsw conditions of an. environme&t» vitta àalf fâie
normal salinity. the boby fluiiis(th, e iB'bsrstitial oae iKslusively)
are hyperosmotics as compased with thé exfearnal aodiaa BO ïhat
thé water massively eaters tbe extracellular coiapartaent across
thé perméable surface (epiLthelia) of thé lîoby, especially in thé
first 24 liours, aft;er t;hfî ^ransfer of AEiffi? in a sedian witb low
salinity (Fig. l'b). Su-hsequeiitly, on thé following 5 days of thé
erperimenfc, tlie tissular- wates "balance is fflaintalaed sSeadfaelily
to thé Mgh level rear. heâ af ter thé first day (Pig. l a), becaase
tjae exit of water froa thé eells is stoppeà, thus on mâles a
slight teadency af thé water to re-enter ïhe celle can 'be oïserved
as wçll as a graduai decrease Qf it from thé exsraceUulsj? fluid
(Fig. l b, c).

Thé questjlon which is rising now 1s to find ou-b an sx-
planation for thé dehydration of celle in thèse new coaâj.fcions oî
a hypo-saline nedium when, in tact, it ss-aald hâve been aornal to
attend, an en.tering of water ln.to sella in accordsace to t?he os-
motic gradient. But, f or .bhis, it is neoessary to hâve in vie» . thaï;,
as early as thé tirât houra af-fcer thé transfer, thé celle lost
according to thé new createà gradien-t; of concentration a eonslde-
râble quanti-by of Na+ of which concentration, afc a given noment,
is equalized to that fron thé extracellular médium and, aoreover,
is reduceâ. even -below tMs level (Pig. 2b) and naintained to this
new steady-state throughout thé 96 hours of experiment.
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Witù respect to potassium,its qaicic efflux on thé first
day, f ails to equalize its concentrations at both sides of thé

membrane, renaining liowever, extremely slowly in thé subséquent
d.ays for thé feaales anâ. entirely stopped for thé. mâles in which
thé ion toegins to concentrate into cells (Pig* 5b).

To find a satisfactory answer at least to a part of tKe
obaerved effec-fcs first of ail thé nature of thé mechanism respon-
siUe for thé upUll water efflux agaiiust thé osmotic gradient
wMcù, vas ascertained in thèse experiments must be solved.

It is toown that thé water movement across . thé toiolo-

gical nenbranes can .bakes place by three distinct processes, two
downhill of tts conc&ntsation gradieat (diffusion aad filtration)
and one by aphill v&tes transfer*

Thé filtration traasfer corespoads to a movement by
"bulk flow*', toe driviag force being thé osmotic pressure of
f laids separated by ssr-®brane. Esperiments on ar'bificial mem'branes
as.ve proved. 'fehat %ûe s-ater solutés exert a négative pressure

sùicli direct thé water from bypo-osmotic compartment; to thé
liyper-osaotie (à-). IIiiSî, however, cannot justify -bhe wa-ber efflux
from tue cells, ascertained by us, since -bhe intraoellular médium
wae J&srper-osmotic in comparison with thé extracellular.

On thé o-bher hans, thé diffusion, on thé basis of some

tbermodynamic con.sid.eratioas, assumes that water movement across

biologleal meabi?anes Sakés place downhill its cône entr at ion gra-

dieafc too, not through -(îide pores to allow thé bulk flow but

ttirougia sinall molecular pores* Support for this view is thé so

callêd "thé igolvent-àrag effect" (l) that assumes thé existence
of an osmotic flux and consists in thé speeding of thé soluté
flux in thé direction of thé water movement anâ. a simultaneous

réduction on thé opposite direction, However, our expérimental
seigul-ts hâve ahavaï that there is no osmotic efflux of water since

thé movement takes place uphill thé osmotic gradienl:. Thé sole

explaaàtion to justtfy thé apparently abnormal water loss from

thé oells observed by as, can be offered by "thé pump-leàk model"
(g)û In accordaace with -fehis model, if an ion is acfcively trans-
ported and. maintained in excess outside thé cellj, it can balance

sigains-b an excess of iatracellular osmoti.c pressure.All thé more,

if thé active transport of this ion will be stimulated in one way
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or asother, ils sfeorage in extraesllalar coBipartiaeiit îrî. 11 âjag-
along across thé aeabr , a part of iEferacellular wates , so di-
m'tnicMnf: ffa® Oeil VOlUfflS.

îha explaaatioa for sacl). apparsatly abno^aal water lao-
venacfe usfaiU ths osnotic gradieat, .as suggested too, by otfaers
vho showsd ttiat thé ions traasposted actively outside tbe cell
ase alîle to "ârag aloag" water nolecales Ty & ppocess si. sa. lsï to
tbs solvBn'fe drag (§).

Gonsidering thé phsaonena fouad. aut ïy us, iiamely, ©vo
on tbe first âay after trassfer of absiops in ̂ ater of 8 ^o sali-
ai-by, thé istracellular conceiitratioa of Na âscreaseâ aore tîias
tlie êxteraceUular one was lovered by dilatica of sea water and,on
thé other tiaad, thé fact ttoat potassium i&tracellular coacentra-
tion is ©aistained higlier than -Uie sxtr&cellular, then .e can
admit thé iavolveiaea* of en &etir'9 traaspors of toe towo ions,
stimulated in theae aews sonditioEs. In ot&e.ï wsrds, aa acfcivatioa
of Na+-S+ punp as early as th® tirst day sfter thé trmsfer ^^:es
place, tfas efficieacy ef tiiis nectia.Bis® saiataiES tîie nornal sensé
of tàe concentration gsadieats .for Ha+ a&& 'S* ail .blie teiae, Tîut
to a new steady-stea'te level. __+. "+

Thé stimulation of thé actiTO .feraasport for Sa and E
ï>y an intensification Qf ACT-ase actlvity, ÎE média of l;>wer^8a-
liaity, was alseady prowd 9rpe?inental3. y by aaâ TITCLIS
(§) in. stuàiês on fehe teidaey <sS' &S£figÈâ£a-S-Sla^A 8sd on gills
of 15{ît tîle wcàaK&sia reqpoasilîle for this
stimulation bas aot T-een cleei'ed ap ^st. However, îhere oe sone
studies wMcli suppose tïie existence of a fsed-toaclî; Fegulator no-
clianisn wMeh allows ïhe reaà,}usteaecfc ®f water peraeability of
thé body surface in response to thé iialinity modifl. oatioiis. Ilius,
LOKWOOD et al. (2) show . ishat in the aodifica-
fcions of peraeabili-by, Bîeasured by BÎ"Q tumover, appear in five
minutes when tîie aDjLaals adapted to sea water were transferred in
(iilute aeâia.Tlie au-Ghoas suegest t;hat thé stî. mulus iititiating thé
clianges of peroeability is Eot an osfflôtic one, tehin]cLng -that there
are two possi. 'bilitiss: either a nerc-oas contaol of thé iwneabi-
lity, or a direct effect of ions on thé menbrane permeability*

Thé salinity rather tban thé osmotic preçsare should be
thé stiuuilus vblch iaterferes on. t.he reeeptors (g).
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However, thé existence of more other interveûing mecha-

nisms cannot be excluded. Among thèse, sarely thé Ça'-" cQacentra-

tion h&s an importanï rôle. It is generally aecepted that in .fche
extracellûlar médium, calcium ion has a "stabilizing" effect on

thé membrane permeability (3). Moreover, thé Ca^T intracellular
concentration affecfcs tbe ionic movemen'fcs too, any increase of its
concentration leading to thé inhi'bition of Na -K pump on -bhe in-
side of thé membrane like ouabain on thé outside of it (5)0

la view of our expérimental results where by lowering
of salinity to Q %o, botti intracellular calci.um concentration
(î'ig. 4b) alla. its content (Tables 1-2) decreased sigaiflcantly
(to mâles and females), it caii be admit'bed that in thèse new con-
ditions thé calcium iiihibitory action on thé Na+-K pump should
be reduced. In ïhis way, thé loss of intracellular water by thé
so called "punp-leàk: neclianism", uphî. ll thé osmotic gradient
appears justified*

Wheneves tne salini-by of ambient médium was even giore
seduced to 5^o, the wa-ber loss froa tae cells was smaller (Fig. lc);
in exchange, thé natrium loss (Fig. 2b) was more pronounced in
comparison with thé 8 %o salinifcy of external médium.

Thé higher natriun intracellular concentra'bion . bhan tlî.e
extracellular one caa be justified by a lower efficiency of -bhe
pu.mp acta-vity, tha-b its working capacity is now overrun and it
fails to restore thé normal sensé of thé concentration gradients

of thé two ions actively transporfced (Na aûd K ).
However, siaci3 thé intracellular potassium concentration

remained. higher .bhan thé extracellular and natrium intracellular
concentration drastically lowered (especially to females) stxll
©n thé first day and continued sa, in thèse limi-bs, throughout of
experiment, it ean be admitteâ. -bhat, even in thèse conditions of
an intense dilution of sea water, thé shrimps still hâve tbe me-
chan.isms which can allow them to regulate their cell volume.

CONCLUSIONS

l. In thé normal sea water (l?. 5^o salini-t;y)the tissues

which proceeded from thé mâles of P. adsuersus contajLned more
water, Na+ and Ça aûd. less K , in comparison with thé females.
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2, After tïie transfer of shrimps in, sec water having
salinity, tbe ceUs lost water, Sa'", KT aad Oa"'.

5. îhs water loss uphili thé oaaotic gpaài®^ i-s ex-
plained "by "punp-leajk" tiypothesis.

4. Thé sensés of ioiiic gradients for Na and E , to S6o
salinity, are kept aormally but feo a new steaây-state level ia-
posed by pump activity.

5. T o ^o saliiii'ty of enviroruaent, thé eeases of ïûxeao-
mena were similar to tfaose observed at 8^0 Tîut of lower ançilituâe,
excepting thé more aaplified IIa+ efflux. Moreover, tlie aormal aeûse
of Na graâ.i.ent is aot recovered.

6. la hypo-saline média, both' thé aales asâ. fenales of
P. adsuersus showed tto osnoregulation possibi-lities accountable
both by noàifications of thé passive peraeabtlity o^ eell Bienbra-
nés and by a sti.aulation of thé active ionic trsuisport echaaiSBS.
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