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ABSTRACT

The movement of tritiated water through the isolated, perfused gut tissue
of the catfish, Clarias gariepinus (lazera), was studied at constant perfusion rate,

The gut epithelium, the external medium and the perfusate constituted g
system of three compartments in series for water exchange. This allowed for the
determination of the characteristics of tritiated water movement through the
apical and basal barriers. - < -

Perfusion of the gut epithelium with Na -free Ringer and hypoosmotic
saline produced substantial reduction in the permeability cénstants of both
barriers and the rate at which the tissue reached equilibrium with respect to
tracer flux. The reduction due to hypoosmotic saline was dependent on conceh-
tration' gradient of the saline. The lower the concentration gradient, the less the
reduction. ‘

INTRODUCTION

The study of teleost gut has shown that the epithelium is the site of con-
siderable salt and water diffusional fluxes (Smith, 1930; Utida et. al., 1967).
An understanding of the nature of fluxes across the gut epithelium would neces-
sitate a direct access to the bathing media on both serosal and mucosal side of
the membrane. An application of the technique of isolated, perfused head of
trout (Payan and Matty, 1975) modified by Girard and Payan, (1976) to the
isolated gut allows for the determination of the relative permeabilities of the
mucosal (apical) and serosal (basal) barriers from the kinetics of the radioactive
loading and unloading of the gut epithelium.

Previous studies on teleost gut have shown that the gut epithelium displays
adaptive functional features in relation to salinity changes. Increased salinity
causes increased water absorption in isolated eel gut (Utida et al., 1967). Serosal
hypertonicity in anuran urinary bladder causes increased water permeability
across epithelial membrane (Hardy, 1979). Increased water absorption has also
been reported to increase net Na™ uptake (Oide, 1967). Thus, water absorption
by the gut of teleosts is solute-linked and responds to changes in external Salilfity'

The cellular compartment of the gut epithelium is limited by two barriers, .
the ap1ca1+ and the basal. Both have different permeability characteristics for
- water, N? and CI' movement (Girard and Payan, 1977). This study was designefi -
fo examine the relative permeabilities of both barriers in C, gariepinus-to ¥ ¢
tiated water. The effects of Na*-free Ringer and hypoosmotic saline solution®
were examined. - : 1




MATERIALS AND METHODS

gut was kept moist with Ringer’s solution (Bergman, et. al., 1974). Gut was
severed just posterior to the pyloric sphincter and flushed in-situ with .15ml of
Ringer’s solution to clear the materials in the gut lumen.

A flarred afferent polythene catheter (Intramedic PE90) was inserted into
the anterior and posterior openings of the intestine and held in place with a
purse-string ligature using a nylon thread. Pre-incubation was carried out for 30
minutes and the gut was perfused at the rate of 3.05+0.05ml min'l using. a
Watson-Marlow peristaltic flow inducer pump. Ringer’s solution was prepared
according to Bergman et. al. ( 1974) except that 0.01M Tris buffer was used to
adjust the pH to 7.4 and 0.9g]-1 glucose'added just prior to use. Na+-free Ringer
was prepared by substituting choline chloride for sodium salts.

To an organ bath containing 30ml of cold Ringer’s solution. 10 ul of tri-
tiated water (25,0mC) was injected using Hamilton microliter syringe. An initial
200,ul sample of the bath was taken before the start of the experiment to obtain
total activity within the bath. After pre-incubation period, the gut was transferred
into an organ bath containing the hot Ringer; and effluent collection started
immediately. In the first 5 minutes, 200,ul aliquots were taken every 30 seconds
and discharged into a scintillation vial. After 30 minutes, subsequent sampling
was done every 15 minutes for 2% hours as test runs had demonstrated that the
gut remained viable for longer than 2% hours after isolation. The serosal bathing
fluid was sampled at the end of the experiment after the removal pf the gut.

All 'the samples were counted on the Packard Tris-Carb liquid scintillation
Spectrometer model C2425 after the addition of 5ml of Bray’s solution (Bray,
1960).

The gut epithelium was considered to behave as a single compartment (2)
bound by different Jbarriers for THO diffusion towards the outer (1) and the
inner (3) external media. This gave a system of three compartments in series with

four rate constants, k19, k21, kg3 and k32 (Fig. 1).

. - 9);

Calculation of the constants were as in Clarkson and Lmder?;ea:i: g::l ozl

Girard and Payan (1977); Kusemiju and Oduleye (198?)-.Thf':l p b acquse it had
NOt permit the evaluation of K32 either directly or indirectly

. i e compu-
the advantage of limiting backflux which could introduce error into th

tation of rate constant of all the barriers. 2
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Fig. 1: =~ Model of three compartment system (example of transfer coefficients,
ko1 = fraction of water in compartment 2 renewed per minute across
the membrane from 2 to 1) (Girard and Payan, 1977).




RESULTS

The results of the experiments conducted showed that serosal-to-mucosal
fluxes reached a steady state within two minutes as O was found to be 1.57
minute (Fig. 2). O representes the time it takes for the tissue to reach equili-
brium with respect to tracer flux. This was obtamed by plottin the cumulatlve
appéaranék 6f radidactivity in' internal ‘wompartment ‘against>tie. O was“deth)
mined by the point of intersectioh oFthe asyrhptote BT tHE @ R with the t axis,
O values were also determined for Na‘t-free Ringer and hypoosmotic saline.
Absence of Na* in the perfusate produced 16% increase in O value (1.82+0.9min)
(Fig” 3)“ Pérfusion  6f ‘the “gut with* hipoo‘%motlc saline whose streng Were 10,
25, 50 and 75% of normal Ringer’s soliition produced 2.25, 1.74, 1.6 ‘and 1.32
O values respectively (Fig.. 4). Therg, wa§ thus substantlal decrease i, Q value w@th
decreaspd saline concentratlon

From the O values, calculated permeablhty constants are shown for Naf free
Ringer;(Table 1) and, hypoosmotic, saline .(Table,2). Na®, absenge: produced 29,

39 and 67% decrease for k12, k21 and k23 respectively. High percentage decrease
in the rate constant (67%)
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Table 1: Effect ot Na+ free Ringer on the permeablhty of aplcal ajld basal
barriers in Clarias gariepinis.” "
— Na*-free Ringer sutle fo13mon %m‘r sono1atiib F
(8) (8) : Difference
0 1.57+0. 18 1) 82+0 19 ‘ 16.0
Fremdie oo isliils i FrBs :-’;’.’;3!.-’ SO 28W Matia ot i1z73 bawode
hm:' b gl ézmo 004 hbeg) 029+0 007 ‘  Rangy guask ol
oW azodt 10 2 (etgrrange { o faeodirrgs J 1999Worn 2ew
S o 774012 o 47+o L bl —39.0 JS?"*‘»"“?:{
i e 5 1 \ OG0 15a%1s odd elif |
kg 0.043+0.007 0.014+0.003 _ —67.3 g senc

Values are Mean+SE of eight replicates.



Table 2: Effects of hypoosmotic saline on the permeability of the apical
and basal barriers in Clarias gariepinus.

Control 75% Ringer S50% Ringer 25% Ringer 10% Ringer
(8) (8) (8) (8) (8)
0 1.5¢+0.18 1.32+0.07 1.64+0.10 1.74+0.09 2.29+40.06
"% - 16 +45 +11 + 48

k12 0.04140.004 0.037+0.006 0.036+0.004 0.027+0.003 0.022+0.002

% -10 .12 -34 .46
k31 0.7740.12 0.68+0.02 0.5640.03 0.51+0.03 0.04340.02
% -12 -27 .34 .44

kyy 004340007  0.04+0.008  004+0.007 003440004  0.03+0.003
% . 7 - 7 - 21 - 28

Values are Mean+SE of eight replicates.

*% difference from control value

showed that the etfect was more significant in the cellular compartment.

'The same trend was observed with the hypoosmotic saline. The decrease
was however, not significant at 75 and 50% saline concentrations. For these two
concentrations, the k23 values were - 7% different from the normal Ringer.
Thus, the effect of the hypoosmotic saline was more felt in the apical than the
basal barrier.
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Either of the apical and basal membranes coul! constibate . p-
harrier in the transport of THO acraoss the gut epitheliun of Ciar o
For normal Ringer, turn-over rate of THO in the intermidie oe o se

abbout 11 timmes more rapid across the apical than the basal barrisr (Bo- = e B
Orclug ke, (12989)" Thus, the latter constitutes the limiting bharreer 0 wo e o "0 0
Iri the bram-m =l = 'V 2750y

movement across the gut epithelium in O sarieoimaes,
of Salmo gairdneri, moverment across the apical membrans i=s severs ©
rapid than across the basal barrier (Isaia e al.,, 18978 In toad urine: . o 30 e,
the apical membrane is the limiting barrber to water diffusion {Parish and "iccini,
1973). In this respect, the gut epithelivm of O gariepinus is simmilar to the bran-
chial epithelium of 3. gaildneri and differed from the rosd urinary bladder,

1 P it

Ma+ -free Ringer solition produced ¢ turm-over rate of THO which was
20 times more rapid across the apical th o the bBasal barrier (Table 1), This su-
Epests that water permeates the apical gui epithelivm at a slower rate in the
absanca of MNa+. In the pbsence of Ma* | the tissaes reached egoillibreicrm with
respect to tracer flux at a slower rate.

Hypoosmotic saline of different concentrations has similar effect omn the
tissue (Fig.4). Fresent study also shows that decreased concentration gradient
causes increase in permeability constant. The fundamental change in the Ringer's
schaition was in relation to the concentration of iomns. Hardy { 1979) showed that
serosal hypertonicity induced an increase in water permeability in anuwran urinary
bladder. The intracellular Ca++ and Na+ were known to play central rale. The
result of the present study is consistent with reports that water transport across
membrane barriers are solute-linked (Qide, 1967: Potts er. ol 1967T; et. al,

19730
Cations are critical in induction of osmotic water flow in toad bladder

(Hardy, 1979). Deletion of Na+ and Ca++ from extracellular fluid decreased the
intracellular coneentration of both cations (Borle* 19782}, In O gariepinus, the
high decrease in the perrraebility constant across the basal membroane rmight
not be unconnected with décrease in cell volume and absence of Ma+ in the per-
fusates. Sodmm ion is a known intracellular messenger in such moveroent. -

- The furndamental change in the hypoosmotic saline is in relation to the
concentration of ions, the same was applicable to the Mat+ - Fres Ringer. It can
then be inferred that transport of water across the barriers is soluted-linked
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