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We have observed that serosal catechoiamines increase the amplitude of the short.eircult current (/,~) in the 
toad urinary bladder by as much as 450%. Chemical sympathectomy with 10 .6 M 6-hydroxydopamine and 
ti~e sympathomlmetic effects of 10 -s M tyramine indicate a reservoir of amines in the serosal stroma of tl~e 
tissue. The urinary epithelium from the toad ~'esponds to six adrenoceptor agonists: (-).epinephrine, 
(-)-norepinephrine, (-).phenylephrine, elonidine, methoxamine and oxymetazoline. The aa-adrenoceptur 
agonist clonidine is most potent for stimulating I~. Some agonists were found to diminish 1,.  Apparently 
this is related to a simultaneous increase in the ~ansepithelial flux of both chloride and sodium, r h e / ~  
response to the catecholamines is also inhibited by several adrenoceptor antagonists. The a2-adrenoceptor 
antagonist yohimbine is more effective than the a~-antagonist prazosin for blocking the stimulation ot' 
epithelial transport. As a resdt of these studies, we have tentatively classified the serosal adrenoceptor of thv 
toad urinary bladder as a 2. 

Introduction 

The basic mechanisms underlying sodium 
transport through the toad urinary bladder epi- 
thelium are described by the Koefoed-Johnsen- 
Ussing model [1]. Cells of the epithelium are 
polarized: the apical membrane is permselective 
for Na + while the basolateral is permeable to K +. 
Na + diffuses down an electrochemical gradient 
from the iun~nal solution into the cytoplasmic 
space. Once near the basolateral membrane, the 
Na + is ~cti~'ely pumped out of the cell in exchange 
for K + by a Na+/K+-ATPase. k + accumulations 
in the cell diffuse down an electrochemical gradi- 
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ent across the basolateral membrane. One electri- 
cal consequence of Na + transport is an apical to 
basolateral cation current. No,naiiy, this electro- 
lyte flux creates a potential difference across the 
'open-circuit' urinary bladder (lumen negative to 
serosa). The magnitudes of the short-circuit cur- 
rent and transepithelial voltage are increased by 
aldosterone and antidiuretic hormone [2]. Since 
adrenohypophysectomized to~,~," do not experi- 
ence complete natriuresis or diuresis [3], an ad- 
ditional mechanism appears to regulate salt bal- 
ance. An adrenoceptor-mediated mechanism may 
complement vasopressin and aldosterone in the 
amphibian urinary system [4]. 

The effects of catccholamines on sodium flux 
and short-circuit current in frog skin are well 
established [5-9]. Leaf et al. [10] reported ~ilat 
epinephrine hao no significant effect on the 
short-circuit current of urina~ bladders from the 
toad Bufo marin'~. Later, Handler et al. [11] found 
that norepinephfine simultaneously inhibited the 
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vasopressin-mediated hydro-osmotic response of 
the tissue while stimulating short-circuit current 
by about 205. Wood and Tomlinson [12] reported 
that micromolar concentrations of either catechol- 
a ~ n e  increased the short-circuit current (I~) of 
the bladder by as much as 500~o. Using isotopic 
measurements, increases in the unidirectional flux 
of both Na + and CI- appeared to be mediated by 
an a-adrenergic mechanism. The a-adrenoceptor 
agonist, isoproterenol, had no effect on the I~. 
Using a radioimmune assay, Turtle and Kipnis 
[13] concluded that catecholamines inhibit the 
bladder's hydro-osmotic response ~o vasopressiu 
by blocking cAMP production. Wong et el. [14], 
on the other hand, found that catecholamines 
increased cAMP. In light of recent developments 
concerning the nature of adrenoceptor-second 
messenger coupling [15-18], the effect of 
catecholamines on epithelial transport in the toad 
urinary bladder remains to be clarified. 

In this article, we present the results of our 
investigations on the in vitro response of the toad 
bladder to several a-adrenergic agonists and 
antagonists. We have found that the I~ is altered 
by various catecholamines and several of their 
analogs. Using tyramine and 6-hydroxydopamine, 
we have produced physiological evidence indicat- 
ing the presence of sympathetic neurotransmitters 
in the tissue. The magnitude of the catecholamine 
effect is influenced by the spontaneous rate of 
sodium transport in the tissue and the presence of 
chloride ions in the mucosal bathing solution, if 
CI- in the apical Ringer's is replaced with an 
impermeant anion, the tissue's response to 
catecholanfines is enhanced. This observation is 
consisteat with the notion that the adrenoceptors 
may stimulate the un.idirectional flux of both Na + 
and CI-[12]. Although the response of the bladder 
to sympath¢mimetic agents is complicated by C l  
permeability, we tentatively consider the adreno- 
cep*~,ors to be a 2. 

Mali:efials and Methods 

Bufo marinus of Mexican origin were purchased 
frora either Riverside Biological (Somerset, WI) or 
Nasco (Ft. Garrison, WI) and maintained on 
Sanicet moistened with 10'g amphibian Ringer's. 
Except during the summer, toads were not fed or 

kept for more than 1 month. During July and 
August, they were given minced liver or crickets 
every 3 weeks. 

Some urinary bladders were removed from dou- 
bly pithed toads and mounted vertically in an 
Ussing apparatus that isolated the hemibladders 
into pai~'ed control and experimental portions with 
surface areas of 3.4 cm 2. The surfaces of the tissue 
were bathed continuously with 4.0 ml of stirred 
Ringer's solution. Apical and serosal solutions 
were changed simultaneously with two 5 mi syr- 
inges. In each experiment, n indicates tile number 
of i,~mlbladder~,~ widl common coatiel u,d e~p~ri- 
mental portions. In other cases, the tissues were 
mounted horizontally in a modified chamber ex- 
posing a 3.14 cm 2 area of tissue as previously 
described by Higgins et al. [191. The spontaneous 
transepithelial voltage (V~) was measured with 
calomel half-cell electrodes in saturated KCI con- 
nected ~o the Ussing chamber by 5% NaCl/agar 
bridges. An electrical current, applied either man- 
ua~lly or automatically through Ag/AgCI elec- 
trcdes, was measured with a digital multimeter to 
evaluate the magnitude of I~ for 3.4 cm 2. A VCC 
600 voltage clamp (Physiologic Instruments; 
Houston, TX) was used as a square-wave pulse 
generator for estimating tissue resistance. Transep- 
ithelial resistance (R,) was calculated as k R. cm 2 
and transepithdial conductance (G,) as mS/cm 2. 
The initial or basal I~ was averaged over 15-rain 
intervals for 1 h after the tissue received three 
washings with isotonic Ringer's. For dose-re- 
sponse studies, percent maximum /,: was calcu- 
lated by: 

, ~ ,  _ !~ :  - i b ~ l  
~ i s ~  - - ~  × 1 0 2  

In the formt,',:~, I~ value.,; are responses to drug at 
particular concentration, I_ m~ is the maximum I~ 
recorded and I b~' is the initial Isc. All values are D ' S C  

reported as X+_ S.E. of pA/3.4 cm 2. Probit analy- 
sis and linear regression [20] were used to de- 
termine the 'best-fit' dose-response curve and 
median ,~ffective concentration (ECs0) for each 
agonist and antagonist. Statistical significance (P) 
for accepting a null hypothesis (He) was de- 
termined by the two-tailed Student's t-test. Signifi- 
cantly different values are indicated by an asteri~;k. 
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The bladder preparations were bathed in 
Ringer's with the following ion composition (mM): 
109 Na +, 2.5 K +, 0.95 Ca 2+, 110.9 CI-, 2.5 HCO; 
and 5 glucose (osmolarity, 215 mosM). For a 
Cl--free Ringer's solution, gluconate compounds 
were substituted isotonically for CI- salts. 5 mM 
calcium gluconate was used to maintain free 
calcium levels. The solutions were bubbled with 
100~ 02 and the final pH adjusted with 0.01 M 
HC1 ~o range between 7.4 and 7.6, A small junc- 
tional potential (1.3 + 0.3 mV) developed between 
the NaCl/agar bridges and Cl-free Ringer's solu- 
ti~,n~. Since there was no measurable resistance 
difference between NaC1 and gluconate Ringer's 
solutions, this potential did not introduce signifi- 
cant artifacts into V~ or Isc estim~,tes. 

(-)-Norepinephrine, ( - )-epinephrine, ( :t= )-iso- 
proterenol, tyramine, 6-hydroxydopamine, pro- 
pranolol, yohimbine, (-)-phenylephrine and 
ascorbic acid were purchased from Sigma (St. 
Louis, MO). Clonidine-HCI, methoxamine-HCl 
and oxymetazollne were donated by Boehringer 
Ingelheim (New York, NY), Burroughs Wellcome 
(Research Triangle, NC) and Shering Corporation 
(Bloomfield, NJ'), respectively. Amiloride was a 
gift of Merck, Sharp and Dohme (West Point, 
PA). Phentolamine was given by Ciba Pharmaceu- 
tical (Summit, H J) while Pfizer, Inc. (Brooklyn, 
NY) donated the prazosin. All adrenoceptor 
agonists and antagonists were prepared fresh daily 
in Ringer's ~,.~aim~, 100 m~/'. ascorbic acid. 
6-Hydroxydopamine was dissolved in nitrogen- 
saturated Ringer's and applied immediately to the 
tissue. Prazosin and yohimbine were initially 
solubilized in 1 roll of ethanol before dissolving in 
Ringer's. With the exception of amiloride, which 
was added to the tissue only through mucosal 
solutions, all drugs were applied unilaterally to the 
serosa of the bladders. 

All e'tperiments were conducted at room tem- 
perature (21-24" C). 

Results 

E/feet of epinephrine and norepinephrine on the 
electrophysiology of toad ur#Tary bladder 

Catecholamine stin:ulation of Isc and Na +.transport 
When t0 -5 M epinephrine is applied to the 

serosa of the toad urinary bladder (Fig. 1A), the 

I~ increases from 10.8 + 2.4 to 32.8 + 5.9 ~tA (P 
< 0.001, N = 5) while R t declines from 3.43 + 0.64 
to 3.05 + 0.54 k£/. cm 2 (AR t ffi 0.38 + 0.12 k~. 
cm2; P < 0.01). Since I~ measurements taken in 
the first 15-rain interval contain artifacts from 
changing the solutions, these were disregarded. 
The tissul: responds to epinephrine with a gradual 
increase in 1~ that reaches a stable, maximum 
value of 30 #A within 1 h. Since the I~ value 
represents the net ionic flux across the bladder, a 
10 -4 M concentration of amiloride was added to 
the mucosal solutions to selectively inhibit trans- 
epithelial sodium flux [21]. As the catecholamine 
enhancement of I~ is blocked by amiloride (Fig. 
IA), R~ increases to 9.6 + 0.7 k12- cm 2 (P < 0.001; 
N = 5). If amiloride is applied first, then epineph- 
fine, as illustrated in Fig. 1B, there is no signifi- 
cant increase in l~c following exposure to the 
catecholamine. Failure of the catecholamine to 
alter I~ in the presence of amiloride indicates that 
stimulation of the l'~c by epinephrine represents an 
increase in sodium transport through the urinary 
bladder. 

To determine whether the action of catechola- 
mines alters transcellular or paracellular electrical 
properties, the relatior, st'dps between Vt, Rt (Gt) 
and ls~ were examined. When toad bladders were 
first mounted in the horizontal Ussing chamber 
and bathed with NaCI/amphibian Ringer's, we 
observed an inverse relationship between ~ and 
R~ (Fig. 2A). If plotted as a function of R t (i.e. 
transepithelial conductance; G~ = 1/Rt),  the I~ 
increases with transepithelial conductance (Fig. 
2B), In general, the V t - I~ relationship appears to 
be linear between ± 100 mV [22]. Applications of 
amiloride decrease I~¢ and V, while increasing R t. 
Higgins et al. [19] have suggested that such rela- 
tionships among the elgctricai properties of 
amphibian bladder tissues imply that the rate of 
Na+-transport depends primarily on the conduc- 
tance of the luminal cell membrane in the epi- 
thelium 

Variation in the epinephrine-response was noted 
between tissues, One source of variation is related 
to the initial spontaneous electrical properties of 
the bladders as described above. Bladder tissues 
with conductance less than 0.6 k~ - t .  cm -2 (R~ > 
1.7 k~2. cm 2) respond to epinephrine with a greater 
degree of change than those with higher conduc- 
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Fig. I. Effects of 10 - s  M epinephrine (EPI) and l0 -4 M arailoride on the short-circait current of the toad urinary bladder. Open or 
closed circles in upper bars indicate corresponding treatments of paired sections of bladder. (A) The effects of epinephrine followed 
by am/loride application. Values are X :1: S.E. for 5 bladders. (B) The effects of amiloride followed by epinephrine application. Values 

are X +_S.E. for 3 bladders. 
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Fig. 2. Traosepithel3",d electrical properties of the toad urinary bladder. (A) Relationship between spontaneous potential difference 
(V~) and resistance ~R,) for 26 bladders. Linear regression (y  ~-- -0 .12x + 12,6) P < 0.01, r 2 = 0.317. (B) Relationship between 

spontaneous transeoithelial conductance (G t) (i.e. 1/R,) and I x. Linear regression (y --170.3x -5.2) P < 0.0i, r 2 --0.841. 
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Fig. 3. Relationship between initial spontaneous 1~¢ and percent basal/~ after stimulation with 10 -s M epinephrine. Closed circles 
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tance [12]. In support of tiffs, we found the l~c- 
augmenting ability of epinephrine to be inversely 
related to the initial spontaneous/~¢ in the bladder. 
Bladders with low conductance generally have a 
small/,~. As illustrated in Fig. 3, bladders with I~ 
below 30 #A and R t greater than 4.5 kD. cm 2 
respond to epinephrine with a larger increase in 
I~ than those with initially high V t or I~. Factors 
controlling the size of the initial l~c and V t are not 
known. 

crea:~ed to 74.6 + 8.0/tA (P < 0.001) and R, de- 
creased to 2,6 + 0.8 kD. cm a (P  < 0.001) when 
exposed to 10 -4 M norepinephrine, In both 
Ringer's, I~¢ increases were completely blocked by 
10 -s M anailoride and R t increased to 6.2 + 1.1 
kD. cm 2. The diminished 1~ response upon ex- 
posure to norepinephrine in CI- media supports 
the notion that catecholamines increase CI- as 
well as Na + flux through the epithelium [1:~.]o 

Effects oJ CI--free Ringer's 
To explore the relationship between apical 

solution CI- concentration and catecholamine 
stimulation c~f 1~:, secti~n~ of tissue were bathed 
with Ringer's containing no CI- (Fig. 4). When 
CI- was present in the apical Ringer's, 10 -4 M 
norepinephrine increases 1~: from 13.5 to 46.2 i 
6.2/zA (P < 0.01) while decreasing R t from 5.1 __. 
0.7 to 3.0 + 0.6 kf~. em a. With Cl--free Ringer's 
bathing the luminal membrane and normal 
Ringer's bathing the serosa, the substitution of 
gluconate for CI- initially decreased l~c from 23.5 
+ 9.6 to 15.3 + 4.3 #A (P  < 0.20) while increasing 
Rt from 3.2 + 1.0 to 4.0 + 1.4 kf~. em ~ (AR t = 0.8 
+ 0.3 kl?.em2; P < 0.05). However, the 1,,: in. 
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Fig. 4. l~-response of toad urinary bladder to stromal 
norepinephrine (NOR) in apical Ringer's with (O, N =II )  or 
without (o~ N=I2) chloride. Serosa bathed with complete 

amphibian Ringers, 



PlJarmacology of the catecholamine response 

Efj~'cts of tyramine and 6.hydroxydopamine 
The presence of an endogenous source of 

catecholamine within the bladder tissue was re- 
ve;ded through application of tyramine and 6-hy- 
droxydopamine to the serosa of t!he bladder (Ta- 
ble I). Prior to tyramine-treatmem, a solution 
(10 -6 M) containing the a-adrenoceptor blocker 
phentolamine was added ~o some bladder sections. 
Subsequently all portions of the bladder received 
tyramine. Significant increases were observed when 
tyramine was applied in the ab:ience of the a- 
adrenoceptor antagonist but phem>tamJne blocked 
tyramine-stimulation of I~. Wnen tissues are 
treated with 10 -5 M 6-hydroxydoparrfine, periph- 
eral sympathetic neurons are selectively destroyed 
within 30 rain [23,24]. Pretreatment of the toad 
bladder for 45 min with 10 -6 M 6-hydroxydopa- 
mine blocked the increase in I~ stimulated by 
tyramine (Table I). Control tissues not receiving 
6-hydroxydopamine exhibited a significant in- 
crease in 1~ when treated with tyramine. 

On examining the possibility that 6-hydroxy- 
dopamine directly blocks postsynaptic adrenocep- 
tors, we found that norepinephrine could stimu- 
late I~: in the bladders following 6-hydroxy- 
dopamine treatment (Table II). Although the I~ 
response is reduced, it is not eliminated by the 

TABLE I 

EFFECT OF TYKAMINE ON ls¢ OF THE TOAD 
URINARY BLADDER 

Values are means+g.E. [laA/3.4 cffl2) ill cach c ~ .  * Indi- 
cates P is significant for rejection of the null hypothesis. 

Prelreatment 
(control) 

Phentolamine, 
10 -6 M 

Pretre, atment 
(control) 

Hydroxydopa- 
mine, 10 -6 M 

Initial !~: 10 -r' M n P 
tyramine, 
30 rain 

67,3 5:11,4 89,1±14,8 12 0,01" 

63.25 4-15.5 62.6:1:21.4 12 0.90 

57.4 + 6.2 74.2+12.1 6 0.05 * 

61.1 + 5.6 53.3+ 5.0 6 0.10 

TABLE !1 

EFFECT OF 6-HYDROXYDOPAMINE ON ABILITY OF 
NOREPINEPHRINE'TO ALTER I~ 

See Table I for explanation of values. 

Initial 1~ 10 -5 M n P 
norepi- 
nephfine, 
60 rain 

Pretreatment 
(control) 29.0+5.8 47.84-5.8 8 0.001 * 

6-Hydroxydopa- 
mine, 10 -6 M 32A=l:3.5 40.3+2.7 8 0.01 * 

same concentration of 6-hydroxydopamine used in 
the experiments described in Table I. Norepineph- 
fine (10-5 M) increased significantly the bladder's 
I~: by 10 lttA in the presence of 10 -6 M 6-hy- 
droxydopamine, indicating that the receptor is not 
blocked completely by the sympathectomizing 
agent. Since the effects of both tyramine and 
6-hydroxydopamine are expressed on presynaptic 
membranes, a reservoir of catecholamine occurs 
proximal to a synapse between sympathetic neu- 
rons and sodium transporting epithelial cells. 

Catecholamine dose-response 
In Fig. 5A, the catecholamine dose-response of 

the epithelium is r¢i,,ted to the initial spontaneous 
I~¢ in O--rich Ringer's. At 10 -6  M concentra- 
tions, maximal increases in Is: are seen with phen- 
ylephrine and elonidine. These compounds can 
double the magnitude of the initial I~. Epineph- 
rine, norepinephrine and methoxamine are less 
effective i',.,l iacrcasin3 I~ maf.,r.:.tu~e. Wi:b ",". 
agoni~ts except aorepi,,aep'.~r~e, inhibition of i~ 
was observed at supramaximal concentration sug- 
gesting receptor desensitization [251. For each 
agonist, the perce~t-re~ponse data in Fig. 5A was 
transformed to probit units [20] then analyzed by 
least-squares regression to obtain a 'best-fit' equa- 
tion and median effective concentration (EC50). 
The best-fit dose-response curves for the data in 
Fig. 5A are illustrated in Fig. 5B. This forms the 
basis for identifying adrenoceptor subtypes. 
Methoxamine is deleted from the scheme since it 
produces minimal changes in the magnitude of 1~. 
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Based on m::dian effective concentration (ECso), 
the receptor affinity is clonidine > epinephrine > 
phenylephrin¢ :> norepinephrine, indicating that 
the adrenoceptor is most effc'ctively stimulated by 
aa-adrenocepmr agonists. Tb: ECso for clonidine 
is approxima:~ely 5-10 -~ M with maximum ef- 
fects at 10 -s M. 

Effects  o f  a-adrenoceotor ~J,.: 7g~.nists 
The -, -'1 . . . . . . . . . . .  " ~--" -- . . . . . . . . . .  e . . . . . . . . . . . .  ,. ~hc~.t~!z.'~_m: can 

inhibit epinephfine-~fimt:lwed i~ssues. Tissues (N 
= 6) were initially stimulated with 10 -5 M epi- 
nephrine then treated 60, mm later with 5 .10 -5 M 
phe,'~tolamine for 1 h. The l~ declined from 41.6 
± 4.2 to 28.44-2.7 #A (P < 0.01) in phentola- 
mine-treated tissues. On the ~ther hand, the Ise 
remained at 40.8 + 3.5 ~,~ in untreated, control 
tissues. Receptor antagonism was also tested with 
10 -~ M yohimbine (Tabk IlI). In these experi- 
menls, yohimbine was appl:ed to the tissue 45 rain 
prior to stimulation with epinephrine. Yohimbine 
successfully blocked catechc~amine stimulation of 

I,~. Since clonidine, an a2-selective adrenoceptor 
agonist, was most effective for increasing I,~ and 
possessed the lowest ECso, it was used as a stimu- 
lus in a study of receptor antagonism by the 
a,-adrenoceptor agonist prazos~n. The tissues were 
initially bathed in complete Ranger's solutions un- 
til stable trans~pitheiial voltages and I~ were 
measured. Prazosin was then added to the serosal 
solutions to give a final concentration of 10 -s M. 

TABLE lI! 

EFFECT OF THE a2-ADRENOCEPTOR ANTAGONIST 
YOHIMBINE ON EPINEPHRINE-STIMULATED 1~ 

See Table ! for explanation of values. 

Initial lye 10 -s  Mepi- N /= 
nephrine, 
30 min 

Pretreatment 
(noyohlmbine) 42.8-1-6.5 68.24-11.6 8 0.01 * 

Yohimbine, 10 -4 M 51.3+5.7 50.0+ 4.8 8 0.90 
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Prazosin had no significant influence on basal 1~ 
or the ability of clonidine to stimulate Na+-trans - 
port and I~. 

Coterho!amine antogovism of I~ 
In a few cases, bladders responded by exh;,bit- 

ing a decline in 1~: with increasing catecholamine 
dosage. This phenomenon was observed in Cl--rich 
but not CI--free Ringer's, The behavior did not 
correlate with any obvious condition like sex, size 
or season. Examples of the catecholamir.e 
antagon~ng effects on I~ are shown in Fig. 6. 
Percent-responses were Irar~sformed into probit 
units then analyzed by least-squares regression to 
obtain best-fit equations and median inhibitor 
concentrations [20]. Phenylephrine and norepi- 
nephfine could irdaibit 1~ in some tissues while 
stimulating it in others (e.g. Figs. 5A and B). 
lsoproterenol and oxymetazoline, on the other 
hand, were always inhibitory. The lowest IC5o 
values were observed with phenylephr/ne (!Cs0 = 
1.2.10 -7 M) and isoproterenol (IC5o = 2.1,20 -6 

M). "[he tissues were much less sensitive to inhibi- 
tion by oxymetazoline and norepinephrine with 
ICs0 values greater than 10 -4 M. 

Discussion 

Several substances are known to stimulate 
Na +-transport in the toad urinary bladder [2,4,11]. 
Of these, less is known about the physiological 
effect of catecholamines on the amphibian urinary 
system. Our observations indicate that in vivo 
catecholamines play an important role in regulat- 
ing ion transport in the bladder. Sympatho- 
mimetic agents elicit dose-dependent responses 
~ct;vce.a !0 -~ and 10 -3 ~,~, Furthermore, the ac- 
tion of both tyramine and 6-hydroxydopamine 
implies an endogenous reservoir of catecholamines 
in the tissue. Epinephrine and norepinephrine 
stimulate the/~¢ associated with active Na+-trans - 
p~ri ~lfile increa_~ing passive CI- flux []2]. The 
magnitude of the catecholamine-mediated re- 
sponse is influenced by several factors. These fac- 
tors interact to determine the net electrophysio- 
logical properties of the toad bladder. 

The focus of our investigation has been to 
classify the adrenoceptor coupled to Na+-trans - 
port in the toad urinary bladder. In a pharmaco- 
logical sense, determination of agonist-affinity se- 
quences is complicated since the specific effects of 
catecholanfiaes on either Na + or Cl-  flux are not 
distinctly separate. When Cl- is present in the 
mucosat medium, certain adrenergic agents may 
either stimulate or inhibit the bladder's I n. If CI- 
is removed from the apical Ring&s, the ag~.nt.s 
always increase I~. The a2-adrenoceptor agonist, 
clonidine, possesses the minimum F iC:~c, for stimu- 
lating I~, Since it never ~nh~b~,'red ,'he /~, ~.bi~ 
compound appears to represent, ihe ::~,,st potent 
class of adrenoceptor agonists for stmulating 
Na+-transport in a - - r i ch  Ringer's. "lT~e adren- 
ergic response is blocked by a- but now: ,B..adrenoc- 
eptor antagonists [11,12]. Yohimbine..biockade of 
catecholamine stimulation is more effective than 
prazosin. In this light, the receptor mediating 
Na+-transport in the bladder is ~entatively classi- 
fied as a z [26,27]. 

Catecholamine mode of action in the epi- 
thelium is only partially resolved by this study, In 
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our experiments, epinephrine increased only the 
amiloride-sensitive component of the I~ in the 
toad urinary bladder. This response differs from 
that of other epithelia like toad or frog skin where 
catecholamine stimulation of I~ is resis)ant to 
amiloride inhibition. In these preparations, 
norepinephrine either produces new sodium chan- 
nels which are insensitive to amiloride inhibition 
or increases eleetrogenie CI- efflux [28]. In the 
toad urinary bladder, there is no evidence of 
amiloride-insensitive sodium transport other than 
Na+/H + and Na+/Ca 2+ exchange. Although 
electrogenic CI- chloride transport has been re- 
ported in the bladder [29], its relation to hydro- 
gen/b.;carbonate ion transport remains obscure. 
Soboslai et al. [301 reported that serosaUy directed 
active Cl--transport in the bladder is stimulated 
by blocking Na+-transport and inhibited by 
acetazolamide. Since ~emoval of C1- from mucosal 
solutions did not al]ter the reversed short-circuit 
current, serosally directed Cl--transport must be 
electroneutral. In opposition to these observations, 
the increase in arni~oride-sensitive I~ upon ex- 
posure to catecholamines in our experiments is 
due only to a change in the serosally directed rate 
of Na+-transport. Similar observations have been 
made in the rabbit colon [31]. 

Since catecholamines directly increase active 
Na + flux, CI- apparently follows an electrochem. 
ical gradient along either cellular or paracellular 
routes, In general, the major conductance pathway 
in apical membrane of the toad bladder epi- 
:helium is utilized by Na ÷ [32,33]. The presence of 
C1- in the apical Ringer's solution regulates the 
magnitude of basal Na+-transport. Removal of 
CI- from mucosal solutions normally reduces V t 
and 1~ while increasing R t by altering single 
channel conductance or electrochemical gradients 
[34,35]. In addition, there is reasonable evide; ce 
that other ionic conduetanees may parallel that for 
sodium in the epithelium [36]. From their isotope 
flux studies with the toad bladder, Wood and 
Tomlinson [12] concluded that norepinephrine 
stimulated unidirectional active sodium transport 
as well as the passive CI- permeability. Walser 
[37] found an electroneutral Na + and CI- influx in 
the bladder. Nav~xte and Finn [38] and Nelson et 
al. [39], using dif,t'erent techniques, have found a 
CI- conductance in the apical membrane of toad 

cells. On the other hand, in studies comparing 
control and vasopressin-stimulated epithelia, Mac. 
Knight [40] found that CI- movement onto epi- 
thelial cells occurred only across the basolateral 
membrane. In the present case, increasing doses of 
some adrenergic agonists were found )o decrease 
I~ by as much as 50~. Such behavior is related to 
tl :. eHects of norepinephrine on transepithelial 
Ci- flux. Since the magnitude of the /~  response 
to a catecholamine is greater in the absence of 
apical CI- (Fig. 4), our observations support the 
possibility of C1- permeability in the toad bladder. 
CI- flux increases concomitantly with stimulation 
of active Na + t~anspo~t to diminish the I~. Cl- 
influx must be coupled ia aa 6bilgatory fashion to 
active Na + influx since amiloride blocked the flux 
of both ions. 

In the absence of acceptable microelectrode 
measurements, the Vt-R t-l,~ relationship observed 
in the toad urinary epithelium implies that the 
overall rate of ion transport is regulated by apical 
membrane conductance [19,41]. Our observations 
support the notion of a transeellular route !or 
both Na + and CI- permeability [38,39] rather than 
a paraeellular [421. R, may be determined by the 
conductance properties of either the trans- or 
paracellular pathway (i.e. R~ or Rp). Conse- 
quently, epinephrine could modify R t by altering 
either R~ or Rr,. Assuming that R~ remains con- 
stant, decreasing R p would result in decreased V t 
while requiring a large/~. Non-selective Na + and 
CI- conductance through the paracellular pathway 
(Rp) would electrically short-circuit increases in 
active Na + influx through the cellular pathway. 
Amiloride would have little or no effect on  R t- 

With a con,~tant Rp, on the other hand, decreasing 
R~ would increase both I~ and V t while decreas- 
ing R t. Amiloride will increase R t significantly 
following catecholamine stimulation. Our observa- 
tions support the latter of the two relations, where 
as /~  increases, R~ decreases over R v The adren- 
ergic response is greatest in high-resistance ( R  t)  

tissues with low V t and I~. Since /,¢ and Vt 
increase with decreasing Rt, the resistance of the 
transcellular pathway is most likely altered by 
epinephrine-treatment since R t is high after 
amiloride. 

Na+-transport in the toad urinary bladder may 
be regulated by at least three humeral factors: 



aldos~,erone, vasopressin and the catecholamines. 
The cellular mechanisms coupled to aldosterone 
and vasopressin stimulation of 1~ and V t have 
been described [2]. The nature of cellular changes 
associated with catecholamine stimulation of 
transport in the bladder is not known. The initial 
enhancement of tranepithelial Na + flux appears to 
be accomplished by increasing apical membrane 
Na + permeability. The results of the present study 
imply that as sympathetic agents stimulate active 
Na+-transport, passive CI- flux increases through 
apical membrane channels. Cate~:!lolamines can 
thus increase the flux of both N~ "~ and C1-. Tiffs 
represents a major difference bet~v,.*.en vasopressin 

and  catecholamine stimulation of  ion transport.  

Vasopressin increases 0oih Na~-tr;~spo~'t and hy- 

dro-osmotic  conductivity in the: b h d d e r .  In ad- 

dition, the hormone  increases basclateral rather 

than apical :3r paracellular C1- perraeability [40]. 

On  the o!her  hand,  the catecholantines increase 

Na  + and CI -  flux while inl~biting water  flux 

[11 12]. The mechanism controlling transepitheliai 

chloride flux remains to be ide~ltified. 
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