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This sequel to an earlier report on the correlation of 

vagino-oral voltage measurements in rats with their estrous 
cycles deals with the endocrinologicactivation of these volt
ages. The normally sinusoidalvoltages, positive duringestrus 
and negative during diestrus, were absent in spayed rats but 
were restoredwith a single intraperitonealinjection of 5 /ig 
or more of 17,R-estradio/ or with 0.1 mg of adrenaline 
iniectedsubcutaneous1,ev.y12 hours. Estrogen antagonists, 
drugs that inhibit catecholamine synthesis or adrenergic P3 
blockers, totally inhibit the negativepotentialrecordedduring 
estrus. Vaginal estrous potentials in the rat reflect an 
important reproductivestate ',,vsibly linked to sexualbehavior 
(heat) or to ovulation. Triggering of the cyclic potential by 
adrenalinewithout estrogenicmedicationsuggests that adren-
aline belongs to the group of sexual-specific hormones. 

INTRODUCTION 

The variations ofelectropotentials associated with 
the reproductive functions have been studied since 
the initial works of Burr in 1935 (2, 2P 3). No cyclic 
variations in any of the species studied (4, 7) were 
reported, however, until the work of Zipper and 
Angelo (12), who measured vagino-oral potentials 
in rats. Using KCI electrodes, Zipper and Angelo 
observed negative vaginal potentials during estrus 
that became positive during diestrus. In spayed 
animals, the positive potential became permanent. 
This potential is also positive throughout the gesta-

tional period in rats, becoming ncgotire the first 
day after delivery. 

These observations led us to study the possibility 
of an endocrinologic origin of these cyclic estrous 
potentials. The most important hormones offering 
cyclic variations in concentration during the estrous 
cycle in the genital tract of the rat are I7fl-estradiol, 
progesterone and epinephrine (10). Other hormones 
and some inhibiting agents of the action of cate
cholamines were also studied. 

MATERIALS AND METHODS 

Female rats of the Sprague-Dawley strain were 
used, weighing 200 gm-250 gin. The rats were 
spayed 15 days before potentials were measured. 
Measurement of voltages was performed under tri
bromethanol anesthesia (Avertin, Winthrop Labo
ratorics, New York, NY, USA). The ability to con
sistently measure changes in potential with the es
trous cycle 'ndicates that the anesthetic does not 
obscure potentials. 

Nonpolarizable electrodes were made of three 
molar KCI in 2% agar, inside polyethylene tubes 
with an inner diameter of 0.85 mm and an outer 
diameter of 1.25 mm. This KCI electrode was con
nected through a 3 M KCI solution to a silver wire 
anodized in HCI. New electrodes were prepared for 
ea.ch measurement, and the system was checked for 
polarization in an NaCI solution each time before 
use. 

Voltage measurements were obtained with a dual 
beam Tektronix 502 oscilloscope. The positive elec
trode was placed in the vagina and the negative one 
on the tongue (vagino-oral potentials). Twenty 
groups of 4-8 animals were formed. Voltage mea
surements were performed daily at 10 a.m. The 
hormones and chemicals used were bought at the 
Sigma Laboratories. The drug regimens used on 20 
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experimental groups of animals are shown in Table 
T. 

RESULTS 

On each of the voltage-versus-time graphs (Figs. 

1-6.), the average standard deviation of voltage for 
the plutted points is indicated by the length of the 

Table I. Drug regimen used on 20 groups of 4-8 
animals. 
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Fig. 1. Vagino-oral potentials with a trial of 17/?-estra-
diol (5 Ag, one intraperitoneal injection). 
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Fig. 2. Vagino-oral potentials with a trial of adrenaline 

(0.2 mg, two subcutaneous injections [0.1-mg injec
tion every 12 hours]). 
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Fig. 3. Vagino-oral potentials with a trial of 17fl-estra
diol (10 pg, one intraperitoneal injection); adrenaline
(0.2 mg/day, two subcutaneous injections every 12 
hours). 

vertical bar on the graph. The graphs of vagino-oral 

potentials recorded from spayed animals taken for 
four or more consecutive days indicate that the one 
injection of more than 5 ttg of 17fl-estradiol, as well 
as 0.2 mg of adrenaline injected daily, reproduces 
the normal (-) curve of the estrous potential (Figs. 
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E+1 but markedly blocks that of adrenaline (Fig. 6). 

l,,, Propranolol scarcely blocks the action of estrogens 
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Fig. 4. Vagino-oral potentials with a trial of 17f-estra-
diol (10 Ag, one intraperitoneal injection) and testos-
terone (1 mg, one intraperitoneal injection), 
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Fig. 5. Vagino-oral potentials with a trial of testoster
one (1 mg, one intraperitoneal injection) and adrena-
line (0.2 jig/day, one 0.1-mg injection every 12 
hours). 

1-2). The association of both drugs potentiates the 
detected voltages (Fig. 3). On the other hand, estro
gen antagonists, drugs that inhibit the catechola-
mine synthesis or adrenergic P3 blockers, totally in-
hibit the negative potential recorded during estrus. 

Testosterone blocks the action of estrogens but 
not that of adrenaline (Figs. 4-5). 

DISCUSSION 

The results described demonstrate that epineph
rine (adrenaline) plays a determining role in the 
generation of vagino-oral cyclic potentials in the rat 
and acts as an intermediate link in the chain of 
events originated by 17/-estradiol. We find that 
adrenergic inhibitors block this potential and also 
other periferic effects of 1 73-estradiol as has been 
described (1, 5, 6). We know frorn the initial works 
of Wurtman et al (10, 11) that uterine epinephrine 
is subject to fluctuations with the estrous cycle and 
1-norepinephrine is not. No other organ, including 
the heart, behaves in regard to epinephrine as does 

the uterus (8, 9). Uterine epinephrine binding is 
estrogen-dependent. To obtain epinephrine in other 
organs such as the spleen, heart and adrenal glands, 
a tenfold higher dose of 17,-estradiol is required. 

The classic inhibition of myometrial activity in
duced by adrenaline (fi adrenergic effect) is coun
teracted by propranolol (5). The principal uterine 
catecholamine is epinephrine. The uterus lacks 
phenylethanolamine-N-methyl transferase, so this 

tissue does not synthesize this amine. Even adrenal
ectomy does not prevent estradiol from increasing 
uterine epinephrine, which must originate in the 
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Fig. 6. Vaginal-oral potentials with a trial of adrenaline 
(0.2 mg/day, one subcutaneous 0.1-mg injection ev
ery 12 hours) and propranolol (10 mg/kg/day, one 
intraperitoneal injection daily). 
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chromafine cells found in different regions of the 4. Parsons L, MacMillanJ, WhittakerJO: Abdominovaginal 
organism. During pregnancy, the concentration of electric potential differences with special reference to the 

ovulatory phase of the menstrual cycle. Am J Obstet Gyepinephrine in relation to uterine weight decreases necol 75.121, 1958.
(10). This agrees with the vaginal potentials (+) 5. Raz S, Zeigler M, Adoni A: Hormonal environment and 
recorded during this reproductive state. uterine response to epinephrine. Am J Obstet Gynecol 3: 

The blocking of these cyclic potentials with chem- 345, 1971. 
eals that lblock the catecholamine synthe:,is, such as 6. Rosenfeld MG, O'Malley BW: Steroid hormones: effects onthatblocth eacti of estr nscuterch adenyl cyclose activity and adenosine 3'5' monophosphate

reserpine, or that counteract the action of estrogens, in target tissues. Science 168:253, 1970. 
such as testosterone, or through adrenergic P block- 7. Snodgrass JM, Rock J, Menkin MF: The validity of"ovu
ers, such as propranolol, leads us to believe that lation potentials." Am J Phys Med 140:394, 1943. 
adrenaline is the hormone that generates these po- 8. Spratto GR, MillerJW: An investigation of the mechanism 
tentials. We caln also cite the fact that adrenaline by which estradiol 17f# elevates the epinephrine content of 

activates uterin( adenylcvclase and that some other the rat uterus. J Pharmacol Lxp Therap 161:7, 1968. 
9. 	 Spratto GR, Miller JW: The effect of various estrogens on

effects of the .-Jenosine monophosphate liberated the weight, catecholamine content and rate of contraction 
through estrogcns (6) are inhibited by propranolol, of rat uteri. J Pharmacol Exp Therap 161.1, 1968. 
suggesting that there is an adrenergic mediation in 10. Wurtman RJ, Axelrod J, Potter LT: The disposition of 
the estrogenic action (11). catecholamines in the rat uterus and the effect ofdrugs and 

hormones. J Pharmacol Exp Therap 144.150, 1964.
Vaginal estrous potentials in the rat reflect an 11. Wurtman RJ, Chu W, Axelrod J: Relation between the 

important reproductive state possibly linked to sex- estrous cycle and the binding of catecholamines in the rat 
ual behavior (heat) or to ovulation. The fact that uterus. Nature (London) 198.'547, 1963b. 
this potential is triggered by adrenaline without 12. Zipper J, Angelo S: Electrochemical vaginal potentials 
estrogenic mediation suggests that adrenaline be- during the estral cycle and pregnancy in the rat. Int J Fertil 

longs to the group of sexual-specific hormones. (in press). 
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