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1. Introduction 

In rat pdrotid glands. the chohnergc stunulatlon 

through the rnuscaruuc receptor enhances amylase 

secretion dnd potdssiunl efflux [l-4] Both responses 

require calcluni in the extracellular medium [1.2,4] 

The chohnerglc effects are mlmlcked by lonophore 
A 23 187 which introduces Ca” into the acmar cell 
[5,6] and mhlblted by antagonists of Ca*+movements 
like lanthanum [7,7] The chohnerglc agomst stlmu- 
lates 45CaZ’ uptdke m rat parotid glands and this 
effect 1s also abolished by lanthanum [7,8] Therefore 
the pnmary event of chohnerglc stunulatlon could be 
Ca2+ entry mto the cell On the other hand the 
muscarmlc stlmulatlon also produces an increased 
turnover of the phosphomowtol group m phosphdtldyl- 
mosltol [7,9] However this last effect IS independent 
of exogenous Cd*+ and IS not mmilcked by lonophore 
A 23187 [5,10] By using lanthanum we have demon- 
strated a relatlonshlp between the phosphohpldlc 
effect induced by chohnerglc agonist (Independent of 
calcium), the Cd*+ upt‘lhe and the secretory processes 
(dependent on extracellular Cd”) [7] 

As opposed to the role of Cd*‘. the lole of Na’ IS 
not well hnown Chohnerglc dgomsts have been 
shown to enhance Na’ uptake m rat parotid glands 
[ 1 l] However this latter effect IS also dependent on 
a Cd*+ entry 

This work was undertahen to study the unportance 
of the vallatlons of NJ’ concentration gradient 
between extra- and mtracellular medium m relation 
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to the phosphatldyhnosltol turnover and amylase 
secretion induced by muscarmlc chohnerglc stlmula- 

tion 

2 Materials and methods 

~~zJv-[‘Z-~H] Inosltol (3 5 Cl/mmol) was purchased 
from Radlochemlcal Centre (Amersham) Carbdmyl- 
cholme was obtained from Mann Research. New York. 
Tes from Serva Femblochemlca, (Heidelberg), L-ISO- 
proterenol-d-bltartrate from Sigma (Saint-Louis, MO) 
Incubations were performed m Tes-Rmger buffer 
(5 mM Tes, 1 3.5 mM NdCl. 4 75 mM KCl, 1 2 mM 
MgCll,, 0 55 mM glucose pH 7 0) equlhbrated with 
1007c’ O2 When solutions at low Na’ concentrations 
were prepared. osmolarlty was mamtamed with 
pH 7 0 Trls buffer 

For amylase expenments, fragments of parotid 
glands (1 OO- 150 mg) were first washed 3-fold with 
Tes--Rmger buffer of the same lomc composltlon as 
subsequent mcubatlons The fragments of gldnd were 
Incubated at 37°C for 40 mm m TesPRmger buffer 
at different Na’ concentrations m the presence or 
absence of Ca2+ The chohnerglc agonist was added at 
the onset of mcubatlon At the end of the mcubatlon. 
glands were homogenized m 0 02 M phosphate, 
0 15 M NaCl buffer and centrifuged at 40 000 X g for 
30 mm Amylase m supernatant after homogemzatlon 
and mcubatlon medmm was assayed accordmg to 
[ 121 Amylase release was expressed as the amount of 
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amylase present in the incubation medium as a % of 
the sum of amylase in supernatant of homogenized 
glands and in incubation medium. 

For phospholip~d IabeIIing, parotid glands were 
washed as above and incubated at 37°C for 40 min 
with 5 @Zi or 10 PCi myo-/2-3H]inositol in 7 ml 

Tes-Ringer buffer at various Na’ concentratio~ls. At 
the end of incubation, parotid fragments were blotted, 
weighed and homogenized in 4 ml cold trichloro- 

acetic acid (TCA) 10%. The TCA homogenate was 
centrifuged at 4000 X g for 20 min. The pellet was 
washed 2-fold with 2 ml TCA 10%. The supernatants 
contain mainly the free ~?~y~-{Z-3H]inositol (TCA- 
soluble fraction). Then phospllolipids from the pellet 
were extracted with 2 ml chloroform-ethanol-ether 
(1:2:2, v/v/v), then with 1 ml chloroform-ethanol- 
ether--WI (1:2:2:0.01) solvent. Phospholipids were 
counted by Iiquid scint~llatioll as in [7,18 J. Phospho- 
lipid radioactivity was the sum of the radioactivities 
extracted by the 2 solvents. 

3. Results 

Figure 1 A, shows the influence of various extra- 

cellular Na’ concentrations on amylase secretion in 
rat parotid glands lion-stimulated or stimulated by 
5 PM carbachol, in the presence of 2.5 mM extra- 
cellular calcium. In control, reduction of Na’ to 

IO mM results in a sharp increase of the amylase 
secretion. Similar results were obtained in [S]. In 

contrast, the amylase secretion enhanced by carbachol 
is significantly higher than controf only at >20 mM 
Na+. The net secretion of amylase (difference in 
amount of amylase released in the presence or 

absence of carbachol) due to the cholinergic agonist 
increases linearly until 45 mM Na’ (see the inset). 

Figure 1 B shows the effect of sodium on amyiase 
secretion in absence of extracellular calcium. A 
decrease of Na’ concentration also evokes an increase 
in amylase discharge. However, the maximum of 
amylase output observed at 10 mM Na” with calcium 
is suppressed and the amount of secreted amylase is 
lowered. The cholinergic agonist still evokes a small 
stimulation of amylase secretion. But the net secre- 
tion due to carbachol increases only at 0.05-5 mM 
Na”. 

Figure 2 describes the effect of various extra- 

cellular Na’ concentrations on myo-[2-3H]inositol 
amount in TCA-soluble fraction of gland fragments. 
In the presence or absence of extracell~~lar calcium 
the boo-inositol uptake is increased for Na’ at >45 
mM. The amount of nzyo-inositol in TCA-soluble 
fraction is decreased by 5 PM carbachof when calcium 
is present or absent in the incubation medium. A 

+ Ca” 

a ---._ 
s.. 

1 t J 

70 ‘4 rnM ) Na+13 

Fig.]. Influence of extra~~u~ Na’ concen~ation on amylase 
discharge induced by carbachol. Glands were incubated at 
37°C in Tes-Ringer buffer for 40 min with Na’ at 0.05- 
132 mM (see section 2). (A) In the presence of 2.5 mM Ca? 
(A---..() control; (e- - - -0) 5 &I carbachol. (B) In the presence 
of 0.1 FM Ca”: (A- ---A) control; (o- - - 40) 5 PM carbachol. 
Inset: increment ofamyiase secretion due to earbachoi in the 
presence (w- - - -=) or absence (o-o) of Ca** as a function of 
Na* concentration. The results were expressed as the mean of 
4 separate experiments. 
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Fig 2 Influence of extracellular Na’ concentration on INI’O- 

[2-3H]mos1tol amount in TCA-soluble fraction Rat parotid 

glands were incubated III Tes- Ringer medmm for 40 mm 

with Nat at 0 05-l 32 mM (see sectlon 2) Results were 

expressed m dpm g tissue-’ In the presence of 2 5 mM Cd*+ 

(o 0) control, (A- A) 5 PM carbachol In the presence of 

0 1 PM Ca’+ (f I- - - -f‘) control, (,J- - - -2) 5 MM carbachol The 

results were expressed as the mean of 4 separate ekpernnents 

smular result was obtained when tissue was treated 

with 0 1 mM EGTA (unpubhshed results) 

Figure 3 shows the effect of various extracellular 

Na’ concentrations on cholmerglc stunuldtlon of 
nzq’o-[7-3H]lnosltol mcorporatlon mto phosphohplds 
(mamly mto phosphatldylmosltol (PI) [7] ) Carbachol. 
5 &I. stmlulates this mcorporatlon The cholmerglc 
effect 1s both observed m the presence (3A) or 
absence (3B) of evtracellular calcmm The mcorpora- 
tlon of nz~~o-[?-3H]mosltol mto PI has been shown 
[7] to increase m the control when the mcubatlon 
medium 1s Ca”-deprived The cholmerglc effect on 
phosphatldylmosltol turnover, either m the presence 
of Ca’+, or absence of Ca2’. 1s dependent on the extra- 
cellular Na’ concentration In the presence of Ca2+ m 
the mcubatlon medmm, the cholmerglc effect reaches 
a maxnnum level at 90 mM Na’ However these data 
are not m agreement with results m [ 141 who found 
no effect of Na’ on the breakdown of phosphatldyl- 
mosltol by medsurmg the phosphate content of PI 

Figure 4 (curve a) shows the stmlulatlon by 
2 5 mM Ca’+of amylase secretlon mduced by carbachol 
as a function of extracellular Na’ concentration 

The amylase discharge due to the extracellular 

2 A 
C-Y 

I + Ca2+ 

I I 1 
70 90 

(mtvl) Na+ 
13’ 

Fig 3 Influence of extrdcellular Na’ concentration on the 

my0-[2-~H]mos1tolmcorporat1onmto phosphohplds Parotid 

glands were incubated m Tes-Rmger medium for 40 mm 

with Na’ at 0 05--l 32 mM (see section 2) Results were 
expressed dpm g tissue-’ for the same amount of free mtrd- 

cellular nr),o-[2-‘H]inosltol (TCA-soluble fraction) (A) In 

presence of 2 5 mM Ca” (A~ A) control, (o- - -*) 5 FM 

carbachol (B) In presence of 0 2 PM Ca2+ ( ----h) control, 
( - - - -‘.) 5 PM carbdchol The results were expressed as the 

mean of 4 separate experiments 

Cd” and induced by the cholmerglc agonist Increases 
linearly until 4.5 mM Na’ Figure 4 (curve b) indicates 
that cholmerglc stlmulatlon of phosphatldylmosltol 
turnover 1s also dependent on the extracellular Na’ 
It 1s interesting to note that cholmerglc stlmulatlon of 
secretory processes (dependent on e\tracellular Ca2+) 
and phosphatldylmosltol turnover (Independent of 
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Fig.4. Stimulation of amylase secretion due to extracellular 
Ca*+ in presence (curve a t-e) or in absence (curve c 

l - -~ l ) of carbachol, and of phosphatidylinositol labelling 

(curve b 0- - -0) as a function of Na+ concentration in extra- 

cellular medium. The stimulation of amylase secretion is 

expressed as: 

Curve a 

% carbachol released amylase (in Ca’+ medium) 
~~ ~_ ____-. -1 

‘/o carbachol released amylase (in Ca*+-free medium) 

Curve c 

“/o control released amylase (in Ca2+ medium) 
_-____-. ~- -1 

% control released amylase (in CaZ+ free medium) 

exogenous Ca”) are both dependent on the variations 
of Na’ concentration gradient. In contrast the curve c 
shows the stimulation by 2.5 mM Ca*+ of amylase 
secretion in the control. 

When Na’ concentration is lowered to 10 mM in 
incubation medium, where no phospholipid effect is 
clearly seen, a high amylase output dependent on 
extracellular Ca*+ occurs, in the absence of cholinergic 
agonist. 

4. Discussion 

In rat parotid glands the amylase discharge stimu- 
lated by muscarinic cholinergic agonist is dependent 
on the CaZf concentration gradient between the extra- 
cellular and intracellular medium [l]. This study 
shows that this processis also dependent on the Na+con- 

centration gradient between extra- and intracellular 
medium. As shown [I], when exogenous Ca2+ con- 
centration is lowered to 0.1 FM, the cholinergic ago- 
nist still evokes a small amylase output. But this effect 
seems to be independent of the extracellular Na’ at 
>5 mM. However when the incubation is performed at 
low Na’ (0.05 mM) the cholinergic stimulation of 
amylase discharge is almost suppressed in the presence 
or absence of calcium. These observations are consistent 
with data in [IS] on the exocrine pancreas. Other 
authors have suggested that the presence of Na’ is 
not obligatory in protein release induced by cholinergic 
agonist, but that the lack of response in Na+-free 
medium may be only a consequence of an inhibition 
of fluid secretion [ 161. In our experimental condi- 
tions, 10 PM isoproterenol induces the same rate of 
amylase secretion (59% of amylase content) (results 
not shown) through the P-adrenergic receptor [ 131, in 
the presence or absence of extracellular Ca*+, indepen- 
dently of the presence of extracellular Na’. This Na’ 
control rules out the importance of fluid secretion in 
amylase release in our experiments. 

We may conclude that Na’ plays a key role in the 
cholinergic stimulation of amylase secretion due to 
the extracellular Ca*: In the absence of cholinergic 
agonist, the low Na’ concentration in the incubation 
medium could lead to the increase of the intra- 
cellular Ca*+ by an Na+-Ca*+ exchange mechanism, 
and then lead to the stimulation of the amylase secre- 
tion. Our results are in agreement with data in 
[ 11,151 demonstrating an increasing 45 Ca*+ influx in 

a Na+-free medium. 
As reported for other tissues (kidney [I 7]), it 

appears that in rat parotid glands the intracellular 
myo-inositol uptake is dependent on a Na’ concen- 
tration gradient between extra- and intracellular 
medium. When the Na+ concentration in extracellular 
medium is X0 mM, the cholinergic agonist decreases 
the myo-inositol uptake in the presence or absence 
of Ca*+ in the extracellular medium. This carbachol 

effect is similar to that observed when tissue is 

incubated with 1 mM ouabain (results not shown). 
This action of oubain is consistent with data on the 
kidney [ 171. From these data it may be postulated 
that the cholinergic agonist enhances the intracellular 
Na’ level. By decreasing the Na’ concentration 
gradient, carbachol lowers the inositol uptake (as 
does ouabain). 
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Snnllar results were obtained with the uptake of 
ol-ammolsobutync acid which IS also cotransported 
with Na’ m rat parotid glands (unpubhshed results) 

As shown m fig 3.4. the chohnerglc stnnulatlon of 
phosphatldylmosltol turnover IS dependent on the 
Na’ concentrdtlon gradient, end a pJra1lehsm for the 
extracellular Na’ requirement between amylase secre- 

tion and phosphohp:d turnover stlmuldted by 
carbdchol 1s observed 

From all these data, we suggest that the cholmerglc 
agonist acts on the muscarmlc receptor. first by 
increasing membrane Na’ permeablhty independently 
of Ca*+ (effect on mosltol uptake m the absence of 
Ca”), which could be coupled with phosphatldyl- 
mosltol turnover As we postulated, an increase of the 
turnover of phosphatldyhnosltol could affect the 
tluldlty of plasmalemmd membrane and then enhance 
the entry of Ca*+ wh~h triggers the secretory pro- 
cesses lequlrmg Ca*+ [7,18,19] 

Acknowledgements 

We wish to express our thanks to Dr J Gdrmer for 
111s comments during the wrltmg of the manuscript 
Thanks are due to G Delarbre for her expert technical 
assistance and to J Jahcot for typmg the manuscript 
This work was supported by the Centre NatIonal de la 
Recherche Sclentlfique (LA 272) (Pans) and the 
Fondatlon pour la Recherche m6dlcale francalse The 
present work has been performed thanks to a grant of 
DilCgdtlon Ginirale i la Recherche Sclentlflque et 
Technique and to the partlclpatlon of the Commlssarlat 
i I’Energle Atomlque (Saclay) m the purchase of 
radIoactIve compounds 

References 

[I] Hermdn, G , Busson, S , Ovtrxht, L , Maurs, C and 

Rossignol, B (1978) Biol Cell 31 255-264 

[2] Putney, J W ,Jr (1976) J Pharmacol Ekp Ther 198, 
375 -384 

[3] Sehnger, Z (1975) m Int Symp Calcium Transport m 

ContractIon and Secretion, pp 139% 146. North-Holland, 
Amsterdam 

[4] Butcher. F R (1978) Adv Cycl Nucl Res 9. 
707 -721 

[S 1 Rosslgnol, B , Herman. G . Chambaut, A M and 
Keryer. G (1974) IYBS Lett 43. 241-246 

[6] Sehnger Z , Eimerl. S and Schramm. M (1974) Proc 
Nat1 Acad Scl USA71.128-131 

[7] Keryer G and Rosslgnol. B (1978) Eur J Blochem 
85,77-83 

[S] Putney. J W ,Jr (1976) J Pharmacol Exp Ther 199. 
526 537 

[9] Jones, L hl and Mlchell, R H (1974) Blochem J 
142 583-590 

[IO] Jones. L M and Mlchell. R H (1975) Blochem J 
148.479-485 

[II] Putney, J W Jr and Parod. R J (1978) J Pharmacol 

[I21 
[I31 

1141 

[ISI 

I161 

[I71 

1181 

1191 

Exp Ther 205,449%458 
Bernfeld, P (1955) Methods Enzymol I, 149 

Batzri. S , Sehnger, Z and Schramm. M (1971) Science 
174.1029 1031 

Jones, L M and Mlchell, R H (1976) Blochem J 
158,505-507 

Schulz. I , Kondo, S , Sachs. G and Mdutmovlc. S 

(1976) m I Int Symp Hormonal Receptors m 

Dlgestwe Tract Physiology, pp 275~-288. North-Holland, 
Amsterdam 

Wilhams. J A , Carq. P and Moffat, B (1976) Am J 

Physlol 231 1562-1567 

Hauser, G (1965) Blochem Blophys Res Commun 

19 696-701 

Keryer, G and Rosslgnol, B (1976) Am J Physlol 
230.99 104 

Rosslgnol, B , Keryer, G , Ilerman, G . Chambaut- 

Gucrm. A M and Cahoreau, C (1976) m I Int Symp 
Hormonal Receptors m Dlgestwe Tract Physiology, 

pp 31 l-323, North-Holland. Amaterdam 


