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ABSTRACT: We studied the effects of  progesterone on the contractile 
motility of  the guinea pig gallbladder in vitro. Carbachol (10 -~ M) induced 
contractions were reduced by the pretreatment with progesterone (10-s-10 -6 
M) in a dose-dependent manner.  Concentration-response curves for carba- 
chol, histamine and CCK-OP showed inhibition by progesterone (5 X 10 -7 
M). These results suggest that progesterone has a direct inhibitory effect on 
gallbladder smooth muscle. Contractile responses to potassium (10-60 mM) 
or  calcium (0.4-3.2 mM), which were thought to activate the contractile 
machinery by increasing the influx of  extracellular calcium, were not 
affected by the pretreatment of  progesterone. The direct inhibitory effects of  
progesterone on gallbladder smooth muscle might be explained by the 
inhibition of  calcium release from the intracellular storage sites. 
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INTRODUCTION 

l"roges terone has been  shown to have an 
inhibitory effect on the contractility of  gas- 
trointestinal muscle? -6 It was also suggested 
that common complaints such as heart  burn, 
nausea and constipation experienced by a 
large number  of  women during the course of  
pregnancy is partly due to increased serum 
progesterone concentrationsA 4-6 An in vitro 
study indicated that progesterone inhibits 
the contractions evoked by gastrin and ace- 
tylcholine with a 20 rain exposure time of  the 
opossum lower esophageal sphincter3 

Although it has been  known for over half  
a century that pregnancy increases the risk of  
cholesterol gallstone, 7-~ the mechanism re- 
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sponsible for the gallstone formation re- 
mains unknown. Some studies however, in- 
dicate that progesterone also reduces the 
motor activity o f  gallbladder smooth muscle 
and that retention of  bile in the gallbladder 
contributes to gallstone formation. 12-14 Ryan 
and Pellecchia I~ found that chronic pre- 
treatment with progesterone reduced con- 
tractions caused by acetylcholine and chole- 
cystoldnin octapeptide in the guinea pig 
gallbladder. It is unclear  however, whether 
or not this inhibitory effect directly affects 
smooth muscle cells. We therefore studied 
the effects of  progesterone on the contractile 
responses  o f  isolated gallbladder muscle 
strips. 

MATERIALS AND METHODS 

As previously reported, 19,23 adult male gui- 
nea  pigs, 300-500 g, were stunned and bled 
and their gallbladders were immediately re- 
moved. After removal of  the mucosa by blunt 
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dissection, the gallbladder was cut longitudi- 
nally into two portions, about 10 m m  long 
and 3 m m  wide, which were equally com- 
posed of  fundus and body. Both sections 
were used for  these experiments. The  strip 
was suspended in a 20 ml organ bath  in 
Krebs solution of  the following composition 
(mM): NaC1 118; KC14.8; CaCI 2 2.5; NaHCO s 
25; KH2PO 2 1.2; MgSO4 1.2 and  glucose 11. 
The bath  was continuously bubbled with 95 
per cent 02 and 5 per  cent CO 2 and main- 
mined at 37~ and p H  7.4. Contractile activity 
was recorded isometrically with a force dis- 
p l a c e m e n t  t r a n s d u c e r  (TB-612T, N i h o n  
Kohden, Japan)  and  displayed on a recti- 
corder (RJG-4128, N ihon  Kohden) .  T h e  
strips were loaded with a tension o f  1 g and 
allowed to ,equilibrate for 60-90 min before 
the experiment. Preliminary experiments in- 
dicated that a resting tension of  1 g was 
optimal for the measurement  of  reproduci- 
ble contractions in response to various stimu- 
lations.19,23 

Dose response curves were constructed on 
each muscle strip for  carbamylcholine chlo- 
ride (carbachol, Wako, Japan),  histamine 
dihydrochloride (histamine, Wako), chole- 
cystokinin octapeptide (CCK-OP) (Protein 
Research Foundation, Japan)  and  potassium 
chloride (Wako), alone, and in combinat ion 
with progesterone (Merck, U.S.A.). Progeste- 
rone was added to the organ bath  20 mins 
before the application of  various agonists. All 
paired observations were made on the same 
muscle strip. The  final concentrations of  
drugs were expressed as molar  concentra- 
tions. 

To investigate the effects of  progesterone 
on the stimulatory effect of  calcium ions, 
0.2-3.2 mM CaC12 was added to the organ 
baths in calcium-free Krebs solution contain- 
ing 1 mM EDTA af ter  the  cont rac t ions  
evoked by 30 mM KC1 were completely abol- 
ished. Results were compared  with the data 
obtained f rom similar experiments after the 
pretreatment of  progesterone for 20 mins on 
the same muscle strip. 

Data were analysed by the Student's t-test. 
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Fig. 1. Effects of progesterone (10 -8 M, 
10 -~ M, l0 -B M) on 10 -6 M carbachol 
induced contractions. Dots indicate the 
application of 10 -~ M carbachol. Proges- 
terone was added to the organ bath 20 
mins before the application of l 0  -6 M 

carbachol. 
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Fig. 2. Effects of  progesterone 0 0  -9 
M-10 -6 M carbachol induced contrac- 
tions, expressed as a percentage of the 
response without progesterone. Results 
were obtained on 5 determinations. 
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Unless otherwise stated, results are expressed 
as mean  _ SEM. 

RESULTS 

Muscle strips in the organ ba th  showed 
phasic spontaneous contractions and the 
addition of  10 -# M carbachol  produced tonic 
contractions. High concentrat ions of  proges- 
terone, 10-* M-10 -6 M, inhibited 10 -~ M car- 
bachol  induced contractions in a dose de- 
penden t  m a n n e r  without affecting the rest- 
ing tone (Fig. 1, 2). This inhibitory effect o f  
progesterone was abolished by washing out 
the progesterone.  

As shown in Fig. 2, drugs at various con- 
centrations caused contractions of  different 
tensions in the muscle preparations. Because 
bombes in ,  pentagastr in ,  pros taglandin  E~ 
(PGE 0 and prostaglandin F2~ (PGF2~) had  
less potent  stimulatory effects than other 
agonists (Fig. 3), we examined the effects of  
progesterone on the contractile responses to 
carbachol, histamine and CCK-OP. 

Pretreatment  with 5 X 10 -7 M progesterone 
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for 20 mins reduced the contractile re- 
sponses evoked by carbachol  (Fig. 4a), his- 
tamine (Fig. 4b) and  CCK-OP (Fig. 4c). The 
contractile responses to 10 -4 M carbachol, in 
the concentrat ion that  produced the max- 
imal response,  were decreased 23.4 + 8.4 per 
cent with the pre t rea tment  of  5 X 10 -7 M 
progesterone. Although the magnitude of 
the contractile responses to carbachol were 
altered with progesterone,  no significant 
differences were seen between the dose 
response curves with respect to the EDs0, 
dose producing one-hal f  the maximal re- 
sponse. The  EDso for  the control curve was 
1.5 + 0.4 X 10 -6 M and 1.8 _ 0 .5X 10 -8 M for 
carbachol plus progesterone.  At each point 
along the dose-response curve, the progeste- 
rone  pretreated contractile responses to car- 
bachol  were reduced when compared with 
the control data. Progesterone, 5 X 10 -7 M, 
decreased the contractile responses to a max- 
imal dose o f ] 0  -4 M histamine and 3 X 10 -7 M 
CCK-OP by 21.5 4- 7.2 per  cent and 25.4 4- 6.6 
per  cent, respectively. 
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Fig. 3. Effects of various drugs on the contractile motility of the guinea pig 
gallbladder. Contractions induced by 10 -~ M carbachol were taken as 100 
per cent. Figures in parentheses indicate the numbers of strips used. 
O--O Carbachol (5); ID----tB Histamine (5); ~ CCK-OP (5); ~x-----ZX PGE~ 
(5);' 0 - - 0  PGF~ (5); X--X Pentagastrin (3); ~ Bombesin (4) 
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Fig. 4. a. Effects of 5 )< 10 -7 M progesterone on carbachol (10-s-10 -3 M) 
induced contractions. Results were obtained on 8 determinations. Solid 
circles represent the control response. Open circles represent the response 
with the pretreatment of progesterone, b. Effects of 5 X 10 -7 M progesterone 
on histamine (10 -~ M-10 -3 M) induced contractions. Results were obtained 
on 8 determinations, c. Effects of 5 )< 10 -~ M progesterone on CCK-OP (10 -la 
M-3 )< 10 -~ M) induced contractions. Results were obtained on 8 determina- 
tions. 

i"esulted in a concentration-dependent in- 
crease in tension that was maximal at 60 mM. 
Progesterone, 5 X 10 -7 M, had no effect on 
the contractile responses to potassium stimu- 
lation (Fig. 5a). 

By the addition of  30 mM KCI once or 
twice to the organ bath containing calcium- 
free Krebs solution, the contractions evoked 
by high-potassium induced depolarization 
were completely abolished. One minute after 
the addition of  30 mM KC1, 0.2 mM-3.2 mM 
CaCi~ was then added to the organ bath. The 
dose response curves for the contractions 
evoked by CaC12 were compared with the 
data obtained from similar experiments with 
the pretreatment of  progesterone for 20 
rains. There were no significant differences 
between the control experiments and those 
with progesterone pretreatment (Fig. 5b). 

D i s c u s s i o n  

It has been demonstrated that pregnancy 
increases the risk o f  cho l e s t e ro l  gall- 
stones, 7-~a but little is known of  the mecha- 

nism responsible for the increased risk of  
gallstone formation in pregnancy. Biliary 
bile acids and lipids in pregnant  women T M  

and contractile motility of  the gallbladder in 
pregnancy 12,14 have been studied in an at- 
tempt to clarify this mechanism. 

Everson et al? 2 demonstrated that the 
volume of  the gallbladder was increased and 
its contraction was sluggish in all trimesters 
of  pregnancy. They also showed a direct 
correlation o f  fasting and residual volumes 
of  the gallbladder with serum progesterone 
concentrations. Ryan and Pellecchia 13 show- 
ed that chronic pretreatment with progeste- 
rone produced a rightward shift in the ace- 
tylcholine and CCK-OP curves of  the guinea 
pig gallbladder. These data led to the hypo- 
thesis that progesterone has an inhibitory 
effect on gallbladder smooth muscle. 

In the present experiments, the addition 
of  progesterone to an organ bath containing 
isolated gallbladder muscle strips reduced 
the contractile responses evoked by 10 -8 M 
carbachol, and this reduction was dose-de- 
pendent  in the concentration range of  10 -8 
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a. Effects of 5 X 10 -7 M progesterone on potassium (10-60 mM) 
induced contractions. Results were obtained on 8 determinations. The sym- 
bols are the same as in the previous figures, b. Effects of 5 X 10 -7 M 
progesterone on CaC12 stimulation. CaC12 (0.2 mM-3.2 mM) was added to 
calcium-free Krebs solution containing 1 mM EDTA after the contractions 
evoked by 30 mM KC1 were completely abolished. Results were compared 
with the data obtained from similar experiments with the pretreatment of 
progesterone for 20 mins on the same muscle strip. Results were obtained 
on 15 determinations. 

M-10 -6 M. Challis et al? 5 reported that 
p lasma progesterone concentrat ions rose to 
a peak  value of  329 -- 14 n g / m l  ( - 1 0  -6 M) in 
p regnan t  guinea pigs. In  the present  work, 
progesterone concentrations, comparable  to 
those observed by Challis et al. in the plasma 
during pregnancy,  inhibited contractions 
evoked by 10 -6 M carbachol.  In  addition, 5 X 
10-' M progesterone inhibited contractile 
responses evoked by carbachol, histamine, 
and CCK-OP. These  inhibitory effects of  
progesterone did not  change in the presence 
of  a-,/~-adrenergic antagonists. It is accepted 
that  carbachol  and  his tamine produced  
direct muscular  stimulations by specific 
membrane  muscarinic and  Hx receptors, 
respectively, in the guinea pig gallbladder31 
It still remains unclear, on the other  hand, 
whether  the effects of  CCK-OP on gallb- 
ladder  contractility are directly on  the  
smooth muscle cells 2~ or whether  the effect is 
caused indirecdy through the intramural 

cholinergic neurons?  2 Progesterone how- 
ever, had  no effect on  the EDs0 dose of car- 
bachol,  histamine and CCK-OP, thereby sug- 
gesting no change in the sensitivity of the 
smooth muscle of  the gallbladder to these 
agonists. A decrease in the efficacy of  ago- 
nists with no apparen t  changes in tissue sen- 
sitivity suggests that progesterone evokes 
alterations in the contractile process that is 
independen t  of  the stimulus applied. It was 
also suggested, therefore, that progesterone 
had direct inhibitory effects on gallbladder 
smooth muscle. 

Although the mechanism by which proges- 
t e r o n e  exer t s  its an tagon i s t i c  effect on 
smooth  muscle is unknown,  reduced availa- 
bility of  calcium has b e e n  suggested, it 
Carsten 17 demonstrated that progesterone 
increased ATP-dependent  calcium binding 
of  the isolated sarcoplasmic reficulum of the 
bovine uterus and  antagonized the effect of 
prostaglandin F~a and  oxytocin. He sug- 
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gested tha t  p r o g e s t e r o n e  exerts  its inh ib i to ry  
effect on  u te r ine  con t rac t ions  by  b lock ing  
calcium re lease  f rom the  sa rcop lasmic  reticu- 
lum. Wi th  r e spec t  to s m o o t h  musc le  contrac-  
tion however ,  no t  on ly  ca lc ium re lease  f rom 
the in t race l lu la r  ca lc ium storage sites, bu t  
also ca lc ium inf lux f rom the  ex t race l lu la r  
sites m a y  be  impor t an t .  18 A r e c e n t  s tudy in  
fact, d e m o n s t r a t e d  tha t  ace ty lcho l ine  a n d  
CCK-OP i n d u c e d  con t r ac t i ons  o f  the  g u i n e a  
pig ga l lb ladder ,  involved  b o t h  ex t race l lu la r  
and  in t r ace l lu l a r  ca lc ium storesY ~ It  is there-  
fore neces sa ry  to c o n s i d e r  the  poss ib l e  
effects o f  p r o g e s t e r o n e  on  bo th  these  cal- 
cium channe l s .  

As the  con t r ac t i ons  evoked  by  h igh  potas-  
sium d e p o l a r i z a t i o n  in ca lc ium-f ree  m e d i u m  
are be l i eved  to be  caused  by  calc ium re l ea sed  
from the  i n t r ace l lu l a r  s torage  sites, it is con-  
s idered tha t  i n t r ace l lu l a r  ca lc ium ions  may  
be absen t  af ter  the  con t r ac t ions  evoked  by  30 
mM KC1 have  b e e n  comple t e ly  abo l i shed .  
Under  these  cond i t ions ,  the  con t rac t ions  
evoked by  ex t race l lu la r  calcium, 0.2 raM-3.2  
raM, which  occu r r ed  p r e s u m a b l y  due  to the  
calcium influx, were  no t  affected by  5 )< 10 -7 
M proges te rone .  

In  addi t ion ,  p r o g e s t e r o n e  h a d  no  effect on  
the contract i le  r e sponses  to potass ium,  which  
was t h o u g h t  to act ivate  the  con t r ac t i l e  
mach ine ry  by  i n c r e a s i n g  the  inf lux  o f  extra-  
cellular calcium. TM Because  p r o g e s t e r o n e  h a d  
no in f luence  o n  the  s t imuta tory  effect o f  
extracel lular  calcium, its ac t ion  m i g h t  b e  
expla ined  by  the  i n h i b i t i o n  o f  ca lc ium re- 
lease f rom the  i n t r ace l lu l a r  s torage  sites as 
previously sugges ted  by  Cars ten.  17 H o w  the  
ho rmone  migh t  in t e r f e re  with the  re lease  o f  
bound  in t r ace l lu l a r  ca lc ium however ,  must  
remain speculative.  

Al though  the  poss ib le  future  value  o f  con-  
duct ing e x p e r i m e n t s  o n  the  g a l l b l a d d e r s  
from ova r i ec tomized  females ,  o r  f rom fe- 
males at d i f f e ren t  p h a s e s  o f  the i r  r ep roduc -  
tive cycles, r e m a i n s  to b e  d e t e r m i n e d ,  it is 
evident tha t  p r o g e s t e r o n e  has  a d i rec t  inhib i -  
tory effect o n  the  contract i l i ty  o f  the  gallb- 
ladder  smoo th  musc le  to a var ie ty  o f  stimuli. 

T h e s e  f ind ings  may  b e  o f  s igni f icance  in  
r e l a t i on  to the  p a t h o g e n e s i s  o f  cho les t e ro l  
chole l i th ias i s  in  p r egnancy .  
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