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Fisiologia. — Action o f Posthypophyseal hormones on Cholesterol 
Content of the Mucosal Plasma Membrane m  Toad Urinary B ladder^ . 
Nota di D a r i o  C r e m a s c h i ,  S i l v i o  H é n i n  e M a r i n a  C a l v i ,  pre­
sentata r#) dal Socio Corrisp. V. C a p r a r o .

RIASSUNTO. — Gli ormoni postipofisari incrementano la permeabilità all’acqua, urea 
e Na+ della membrana piasmatica mucosale nell’epitelio di vescica urinaria di rospo. Scopo 
di questo lavoro è di portare alcune dimostrazioni riguardo a una interferenza del colesterolo 
in questa azione. Si è incubata la vescica con una soluzione di Ringer-colesterolo radioattivo 
(— lT, 1.2 T, —4 14C) e si è misurata la velocità dello scarico di radioattività dalla membrana. 
Il trattamento ormonale incrementa la velocità di scarico in funzione della dose e l’effetto 
sullo scarico sembra correlato con l’effetto sulla permeabilità osmotica dell’acqua.

In t r o d u c t io n

Posthypophyseal horm ones are know n to enhance water, urea and N a+ 
perm eability  of the m ucosal barrier in the epithelial cells of Toad bladder 
and of other tissues [1], [2], [3], [4], [5], [6]. This effect seems to be due to 
an  adenylcyclase stim ulation and to an increase in 3', 5' cyclic A M P  cellular 
pool [7], [8], [9]. M any  hypotheses have been advanced to explain the 
horm onal action on the m em brane.

In  1958 G inetzinsky suggested th a t a hyaluronidase secretion and its 
action on m ucopolysaccharides of intercellular cement are the perm eability 
enhancing factors in the k idney [10]. However, L eaf did not find any  hyalu ­
ronidase action on T oad b ladder [2]. In  1965 Bentley suggested a C a++ 
displacem ent by  the horm ones from  the mucosal m em brane [ 11 ]. Rosen- 
bloom pointed out the possible presence of a lecithin-lisolecithin cycle near 
the m em brane affected by  the horm ones [12]. L eaf suggested the transform a­
tion of w ater from an ice-like structure to a liquid one [13].

R ecently cholesterol relevance in the structure and perm eability  of 
artificial and na tu ra l m em branes has been em phasized by m any  authors 
[T4]> [XS]> [ï6 ], [17], [18]. P articularly , F inkelstein observed a correlation 
between cholfesterol and w ater perm eability  [19]. On this basis we suggest 
here a possible interference of cholesterol w ith the m echanism  of action of 
posthypophyseal horm ones.

M e t h o d s

U rin a ry  bladders of female T oads (Bufo bufo) excised from the pithed 
anim al were used.

In  a first set of experim ents the two half bladders were opened and  the 
tissue layer was pu t between two lucite chambers and perfused with R inger

(*) Lavoro eseguito nell’Istituto di Fisiologia generale dell’Università di Milano.
(**) Nella seduta del 14 novembre 1970.
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solution bubbled w ith air a t room  tem perature (25-27° C). T he apparent 
exposed area was 0.63 cm2- 10 p.Ci/ml of cholesterol —1 T  (io .4C i/m M , R adio­
chemical Centre) o r —1.2 T  (47 Ci/mM , NEN) or — 4 14C (30 Ci/mM , Sorin) 
in benzene solution m ixed w ith R inger fluid to a steady solution were present 
in the perfusion fluid of the m ucosal cham ber (10 pi of benzene/m l of R inger 
solution). A fter a 4 hour incubation period serosal and m ucosal perfusion 
fluids were rem oved and renewed w ith cholesterol-free R inger solution. 
This operation was repeated every 20 m inutes and the discharge ra te  of the 
radioactiv ity  from  the tissue was m easured throughout 10 periods. P ituitrin  
P ark  and Davies (50 m U /m l) was present in the serosal fluid of one of the 
two half bladders in IV, V, V I, V II periods.

Potential differences after incubation and treatm ent were m easured in 
several experim ents to control a possible benzene toxicity.

In  a second set of experim ents the control hem ibladder was not opened, 
but cannulated and perfused in R inger solution. A fter 1 hour equilibration

Fig. I. -  Radioactivity discharge from the tissue after a 4 hour incubation period. 
Ordinata: the discharge is reported in per cent and the first 20 minute period mucosal 
discharge of hemibladder a) is taken as a reference value. Abscissa: time in minutes.
a) ■ mucosal radioactivity discharge;   serosal radioactivity discharge. The arrow stands for the
beginning of treatment (50 mU/ml) and the dashed line for the end. b) Control hemibladder: mucosal discharge.
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the m ucosal fluid was changed and replaced by a 1 : 10 diluted Ringer 
solution. N et w ater transport was m easured under this osmotic gradient 
by  a precision blance every 10 m inutes w ithout and with P itu itrin  5om U /m l 
in the serosal m edium . T he transport rate was expressed in pi cm“2 h“ 1 
considering the bladder as a sphere. The ratio between the m axim um  of 
transport during treatm ent and the transport before treatm ent was determined.

T he R inger solution used in all the experim ents had the following 
composition: NaCl u o m M , KC1 2 m M , CaCl2 2.5 m M , N a2H P 04 3.7 mM , 
N aH 2P0 4 1.7 m M , pH  =  7. R adioactiv ity  was m easured by a T ri-C arb  
scintillation spectrom eter (P ackard  3003). Experim ents were carried out 
in M ay  and June.

R e su l t s

Fig. I reports one of the fifteen experim ents carried out. The tissue 
was incubated w ith cholesterol —  4 14C. The discharge of the radioactivity 
from  the mucosal and serosal sides of the first hem ibladder is shown in a).

T a b l e  I.

Trans epithelial electric potential in every hemibladder before 
and after hormonal treatment (50 m U/ml).

The two hemibladders have been incubated in Ringer cholesterol over 4 hours.

Èxp. N.
Transepithelial electric potential (mV)

before treatment after treatment

I a 4,0 4,9I b 1,7

2  a 5 , 2 8 , 8
2 b 2,0 —

3 a 3,2 3 , 4
3  b 5 , 8 —

4 a 3 - 5 4.7
4 b 3 , o —

5 a 16.7
5 b 1 4 . 7 —

A  strong increase in the m ucosal discharge is evident after horm onal treatm ent 
(see the arrow), whereas the serosal one seems to be unaffected. T he mucosal 
discharge in the control hem ibladder (b) shows no significant kinetic m odi­
fication. T able I reports th a t a transepithelial electric potential difference
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of several mV is always detectable after incubation in Ringer-cholesterol 
benzene solution. T he potential increases after treatm ent.

T he m ucosal discharge of a b ladder first treated  w ith 5om U /m l (first 
arrow) and after w ith io o m U /m l (second arrow) is shown in fig. 2. A  higher 
discharge is rem arkable w ith io o m U /m l.
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Fig. 2. -  Radioactivity mucosal discharge (ordinata). Hormonal treatment with 
5omU/ml and ioom U/m l (see the arrows). The dashed line shows the end 
of treatment. Discharge is reported in per cent and the first 20 minute period 

discharge is taken as a reference value. Abscissa: time in minutes.

The values of net w ater osmotic fluxes of the 5 experim ents in which 
this measure was carried out are given in fig. 3 a. The diagram  reports the 
flux before, the m axim al flux during and the restored basal flux after 
horm opal treatm ent. Correspondent mucosal discharges of the radioactivity  
in related hem ibladders are shown in fig. 3 b as in fig. 1. A  good correlation 
between horm onal effect on w ater flux and horm onal effect on discharge 
is focused.
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Fig- 3- -  Osmotic water fluxes (a) in the first hemibladder and radioactivity dis­
charge (b) in the second hemibladder. The arrows stand for the beginning of treatment 
(5omU/ml) and the dashed lines or the inverted arrows for the end. R is the ratio 
between the maximal osmotic water flux during treatment and the basal one before 

treatment. Abscissa: time in minutes (for b only).

D is c u ssio n

In  the incubation period labelled cholesterol is likely to d istribute itself 
in m any  cell types and cellular com partm ents of the tissue. Since only the 
mucosal barrier of the absorbing cells seems to be affected by horm onal action, 
modifications in mucosal discharge after treatm ent should be related to spe­
cific m odifications of this barrier turn-over. Fig. i shows such a m odification 
and supports an interference of horm onal action with the m em brane cho­
lesterol. I t is notew orthy th a t horm onal treatm ent causes only alterations 
in the m ucosal discharge kinetics of the radioactivity , whereas the serosal 
discharge is unaffected. T he m ucosal discharge is unmodified in control 
hem ibladder.

As benzene (io  [xl/ml) is present in the incubation solution, potential 
m easurem ents to control the functionality  of the preparation were carried 
out after the incubation  period and, in the treated  hem ibladders, after horm o­
nal treatm ent. Table I shows th a t potential differences of some mV are 
present and they  increase after treatm ent. These results support a good 
activ ity  of N a+ pum p in spite of benzene presence.
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Since higher effects would be obtained with higher horm onal concentra­
tions, discharge modifications were tested with 5om U /m l and ioom U /m l. 
In  fact, fig. 2 shows a larger discharge increasing hormonal concentration.

F inally  a good correlation of the horm onal action on mucosal discharge 
of rad ioactiv ity  and on net w ater osmotic flux is observed in fig. 3.

All reported results support a horm onal action on cholesterol of mucosal 
plasm a m em brane. Conversely, they  do not point out w hether cholesterol 
is only displaced by  horm onal transm itters or is chemically destroyed.

W e are carrying out chrom atographies of the labelled discharged subst­
ance to elucidate this fundam ental point.
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