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Effect of Isoproterenol on Calcium, Protein, and Electrolytes of 
Rat Submaxillary Gland." (32423) 

ROBERT H. DREISBACH 
Department of Pharmacology, Stanford University School of Medicine, Palo Alto, C d i f .  

The marked effect of isuproterend on cal- 
cium conltent of rat submaxillary gland( l )  
is an opportunity to learn sm&ing of the 
mmhmisu-n of storage and release of Ca. 
Two hypotheses have been colnsidered as 
mechanisms to explain the high submaxil- 
lary glla.nd Cja: (a) a specific one-way trans- 
fer mechanim(2) or (b) tihe presence of a. 
binding substance( 3 ) .  Loss of Ca after stim- 
ulation rroidd occur by reversal of the trans- 
fer mechanism, change of pH, or by erdru- 
sion of ithe bindimg substance. 

Methods. Male Long-Evans rats, 100.1 50 
g, were pmpaned by once daily injection of 
ascending doses of isoproiterenol( 1 ) . An in- 
jection-free period of 40-48 hours was then 
lallmed before rats were used either as 
contmls or folr reinjection of 10 mg/kg iso- 
proterenol. Rats were killed 2 hours after 
drug injection. Analytical methods were a6 
follows: sidic acid(4), amylase( 5 )  , Mg( 6 ) ,  
COz(7), intracellular pH using inulin a6 
indicator of extracellular space (8) , inulin 
(9),  Na and K by direct flame photometry, 
total P ( l o ) ,  or as described previously ( 1-3 ) . 
Statistical summaries are arithmetic mean -t 
standard error of the mean. 

Results. Effect of isoproterenol on gland 
electrolytes. Reinjection of 10 mg/kg of 
impwterend 4 0  hours after the last injec- 
tion of an #wending series of the same drug 

* This investigation was supported 'by USPHS 
Research Grant DEW794  from Nat. Inst. of Dental 
Research. 

TABLE I. Effect of Isoprotaenol on Submaxil- 

Ca Mg Na K Cl P CO, 

lary Gland Electrolytes (pM/g water) .* 

Control 28.5 27.0 42.8 137.5 62.7 152. 21.8 
k 1 . 4  k l . 0  5 .9 k 1 . 2  2 1 . 0  &4. e 1 . 2  

Isopro- 2.3 13.1 53.0 143.0 72.5 144. 20.4 
te,renol .1 2 .7 2 2 . 9  k 3 . 0  .9 2 2 .  -1-1.3 
% Change 

-92 -51 +24 + 4  +16 -5 -6 

* All determinations, except CO,, made on each 
gland f m  6 rats in control (n-12) and 5 mts 
in experimental (n-10). CO, determinations made 
on individual glan,ds from additional 16 rats. 

produced the allberations in electmlykes 
shown in Table I. Significant changes in 
addiltim to the marked loss of C s  previously 
reported( 1) ilnclude a fall in Mg and lit 

rise in Na and C1. 
Gland protein N, total N, and sialic acid 

content fall sligrtificamtly in relation to total 
P but much less than Ga (Table 11). In 
another experiment, gland amybse was found 
to Ibe 91 -+ 6 units/g wet weight after iso- 
pmtemnol but only 13 t 2 units/g in mn- 
trol rats. 

TABLE 11. Gland N, Protein N, Sialic Acid, and 
Ca (per mM total P).* 

TotalN, Protein Sialic Calcium, 
mg N,mg  acid,& pm 

Control 252-1-17 1 4 4 k 5  4 6 + 4  1 3 1 k 4  
Isoqroterenol 190 2 12 102 & 7 22 & 2 23 k 5 

~ 

*Determinations done on pooled glands from 
each rat (n=4 for both groups). 
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TABLE 111. Saliva Electrolytes.* 

Flow 
Ca Mg K N a  C1 P COa Amylaae, rate, 

unita mg/min Drug & time 7-- $--- - 
Isoproterenol 

0 -  20min 36.0 25.3 136.5 29.7 16.7 2.0 75 17 4.2 
135 - 240 niin 5.1 10.3 121.5 45.3 31.5 1.2 61 63  1.3 
Pilocarpine 

0 -  10min 1.26 .59 33.6 24.0 21.7 .91 50 1.33 62 
5 8 -  83min .77 .25 27.9 32.7 22.7 .46 46 .76 22 

* Values per g of saliva. Results for CO, and amylase are from separa.te experiments. 

Saliva electrolytes and protein. Saliva elec- 
trolytes in typical experiments after isopro- 
terenol or pilocarpine injection are shown 
in Table 111. Not only do the individual 
ion concentrations differ with the two drugs, 
but Biter iwproterenol, the sum of cations 
is almost 2 0 0  pEq/g highc!r than the sum 
of anions. After pilocarpine, the sum of 
cartions is approximately equal to the sum 
of anions. 

Sialic acid and protein were determined 
in other experiments and the results in rela- 
tion to Ca concentration are shown in Fig. 
1 and 2. Protein was dimctly proportional 

FIG. 1. Relation of Ca to protein concentration/g 
of saliva after isoproterenol or pilocarpine. 

FIG. 2. Relation of sialic acid to  Ca concentration 
( f l / g )  in saliva after improterend or pilocarpine. 

to Ca concentration whereas sialic mid was 
not. Ca bindling by i.mpmtermd or pilo- 
carpine sltimulated saliva ranfged from 0.19- 
0.51 p M  Cabmg N when dialyzed against 
solut.iom mntaining 1.0 to 2.2 mM &/liter. 
Sailka dialyzed against 0.003 PnM Ca/liter 
contained 0.035 p M  or less of bound Ca 
per rng N hdicatilng that essentially all of 
the Ca ,in d i v a  was dialyzable. Accwaq 
of determining Ca aster dialysis a t  this low 
Ca-free mncm~tratiwn was insufficient to in- 

dicate whether binding no longer obeyed 
the mass law. 

Intracellular PH. Submaxillary gland in- 
trmllular pH was determined either by 
intravenous or subcutaneow injection of the 
indicator substances. When ,the indicators 
were injeuted subcutaneously, gland i n t r d -  
lular pH in conttml rats was 7.08 and 7.11 
and in improtereno1 trearted rats was 7.29 
and 7.23. When the indicators were injected 
intravenously, gland pH in control rats was 
6.66 and 6.77 and in isopraterml treated 
rats was 7.15 and 7.16. The indicated in- 
crease in pH in the gland in isopmterend 
treated rats r0flmtd a greater entry of di- 
methyloxazolidindione into the glands of 
these rats acnd this enhanced entry might 
have come about by olther than pH related 
distribution. 

Discussion. Results are consistent with the 
hypothesis that the elevated gland Ca in rat 
submaxi.llary gland is a storage form related 
in some way to proltein. Loss of cation with- 
out similar loss in inorganic anion (Table I), 
loss Olf gland protein d m g  with Ca 1- 
(Table 11), and appearance of protein in 
d i v a  in direct proportion to Ca ccmcentm- 
tion (Fig. 1) d l  agree wilth this hypothesis. 
A IpsiMe d e  of glycoproteins wa6 indicated 
by the loss in sialic acid from the gland after 
isoproterenol. Although the concentration of 
sidic acid in saliva is related to Ca, the rela- 
tionship is not 90 direot as for protein. Ca 
binding by the protein of saliva was of simi- 
lar magnitude (to Ca binding by gland home 
genah(3) .  

Change in intracellular pH, if real, was in 
the opposite direction It0 k t  which would be 
expected to reduce Ca binding(3). 

Summary. The fail1 in Ca in rat submaxil- 
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lary g l a d  after isoproterend injection is ak 
least twice the fall in Mg, sidic acid, or pro- 
tein. The relationship of Ca to protein in 
rat d i v a  is linear. The data are consistent 
with the hypothesis that Ca is held at high 
c*ncentrati*m in sdivary glanh by 
of binding. 
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The transfer of Ca in vitro in rat salivary 
and lacrimal glands is increased by both para- 
sympathetic and sympathetic stimulants ( 1 ). 
This effect of stimulants occurs in relatively 
large pieces of gland and is only abolished 
by Na-lack, by high concentrations of meta- 
bolic inhibitors, or a t  1°C. In the present 
study, the concentration of adenosine phos- 
phates has been measured after incubation 
to determine the role of such suMances in 
the tramfer p r o w s  

Methods. Glands were removed under ether 
anesthesia fmm Wistar strain male rats main- 
tained on Purina. feed and water ad lib or 
fmm hooded male rats fed a mixed green diet. 
Glands were incubated for 2 hours with slow 
agitation in 0olnica.l flasks g a d  with 5 %  
CQ2 in O2 in an inculbakion medium made 
up in glass dlktil~led water md containing 
the following (mM/l) ; 110 NaCl, 3 KCl, 0.1 
MgG12, 1.0 CaC12, 0.5 KH2P04, 25 NaHC03, 
5 dextrose, plH 7.4. Experiments were mdi- 
narily done in groups of 4 using one kind 
of gland. The experimental groups were usu- 
ally divided as follows: immediately frozen 
gland, gland incubated in normal medium, 
and 2 groups of glands incubated with differ- 
ent cmmntmtiwns of inhibi$!cmr or other d- 

*This investigation was supported by USPHS 
grant from Nat. Inst. of Dental Research. 

temd conditions. Adenosine phosphates and 
inorganic phmphate (Pi) were separated by 
paper chromatography( 2 )  and estimated by 
phosphate anialysis(3,4) or by UV a~hwrp- 
tion( 5 ) .  

Results and discussion. Table I gives the 
concentrations of adenosine phosphaites a d  
Pi in parotid, submaxillary or l a c r i d  glands 
for various cc4nditions. After 2 how5 i n c u b  
tion, glands h d  ATP concentrations ranging 
from 30-800/, of ahat found in immediately 
frozen glanlds with the following exception. 
In glands cut perpedicullmly to the greatest 
dimension the ATP concentdon was only 
13%. Pieces prqmred in thk way were ap- 
proxipmately 4 rnm ithick whereas submaxillary 
gland cut perpendilcularly to the mall& 
d,irnmion or lacrimal and parotid glands as 
removed from the rat were approximately 2 
mm thick. Thus, the system for maintab 
ing ATP functioned as well in pieces up to 
2 mm in thickness ais in slices approxim&ly 
0.5 mm in thickness. 

The addition of 5 X M DNP re 
duced ATP concentration to approximately 
% whereas increasing DNP to 2 X M 
 educed ATP to of the l m l  found after 
incubation without inhibitor. These results 
cormlate well with effects of DNP an Ca46 
activation by acetyIchoEne in these gIamds. 


