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Abstract In the present study we investigated the in 
vitro relaxant response of erectile tissue obtained from 
rabbits of different ages (3, 7 and 24 months) in order to 
detect the progression with age of cavernosal activity in 
response to substances acting via endothelium-depen- 
dent or -independent mechanisms. Noradrenaline in- 
duced a concentration-dependent contraction (0.1 ~M-  
3 mM), with an increase in the contractility in the 
24-month-old group. Ace@choline produced a con- 
centration-dependent relaxant effect in the three age 
groups, with a reduction of the maximal relaxant effect 
in older animals. ATP (10 ~tM-1 raM) and adenosine 
(10 gM-1 mM) induced a concentration-dependent re- 
laxant effect that was higher in the older group. The 
presence of the NO-synthase inhibitor NO'-nitro-L-ar - 
ginine methyl ester (L-NAME) (0.1 raM) or of the P2- 
purinoceptor antagonist suramin did not affect ATP 
relaxation. Relaxation induced by sodium nitrite and 
nifedipine was reduced in older animals. In conclusion, 
aging selectively alters the in vitro responsiveness of 
rabbit erectile tissue. Purinergic system remains more 
active despite a decrease in the maximal endothelial 
cholinergic activity and the direct smooth muscle relax- 
ant component. 
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Introduction 

Erection is produced by dilatation of arterioles perfus- 
ing lacunar spaces in the corpus cavernosum and by 
relaxation of the surrounding smooth muscle, which 
causes engorgement with blood. Compression of the 
outflow venules against the tunica albuginea induces 
a reduction of blood outflow, leading to a rise in 
intracavernosal pressure [1, 34]; a mathematical model 
for the complex phenomenon of penile erection has also 
been suggested [37]. Impairment of the mechanisms 
that support relaxation of corpus cavernosum smooth 
muscle may lead to impotence. Erectile dysfunction is 
a major clinical pathological condition in adult men 
and a frequent cause is altered vascular responsiveness 
[19, 28]. Numerous studies have evaluated the role of 
possible mediators of cavernosal smooth muscle relax- 
ation, such as acetylcholine [39], vasoactive intesti- 
nal polypeptide [2] and prostaglandins [21]. More 
recently, nitric oxide (NO) has been suggested as a pri- 
mary physiological relaxing substance [27], parti- 
cularly influencing non-adrenergic non-cholinergic 
(NANC) neurotransmission [9, 31]. Adenosine and ad- 
enine nucleotides, released from nerve endings, are able 
to modulate penile tissue responses [11], and have even 
been proposed as hypothetical therapeutic agents for 
impotence. Therefore, great interest has been shown in 
the role of endogenous modulators of smooth muscle 
relaxation [26], which may contribute to the patho- 
physiology of erection and impotence, particularly in 
diabetes mellitus [29, 36] or with age-related abnor- 
malities of smooth muscle fibres [5]. The use of animal 
models can be particularly helpful for detecting time- 
dependent evolution of penile responsiveness. In the 
present study we studied the in vitro contractile and 
relaxant responses of corpus cavernosum obtained 
from rabbit of different ages, in order to detect the 
evolution with age of responses of corpus cavernosum 
induced by molecules acting via endothelium-depen- 
dent or -independent mechanisms. 
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Material and methods 

Male New Zealand White rabbits of three different ages were used: 
3 months of age (n = 9, ~2.2 kg, young), 7 months of age (n = 9, 
3-3.5 kg, adult) and 24 months (n = 9, 4-5 kg, old). The choice of the 
age groups was based on our previous experience in aortic tissue 
functionality [t3, 14] and on other published studies 1-421. Prin- 
ciples of laboratory animal care were followed. The rabbits were fed 
with a cholesterol-free standard rabbit diet (2RB15-GLP, Italiana 
Mangimi, Milano, Italy). The mortality rate of aged rabbits did 
not exceed 15% and was due to complications from pulmonary 
infections. There was approximately 100% complete copulatory 
behaviour in 7-month-old rabbits, which declined to about 40% in 
24-month-old animals. 

Animals were anaesthetized with urethane (2 mg/kg i.p.) and 
sacrificed by cervical dislocation. The penis was removed at the 
point of attachment to the ischium, placed in saline solution (see 
later) at 37 ~ and gassed with a mixture of 95% Oa and 5% CO2. 
The erectile tissue was dissected free from the tunica albuginea and 
from each animal four strips were obtained. One preparation was 
used to determine the cumulative concentration-response curve of 
the contractile agent noradrenaline. Each relaxant drug was tested 
on five strips, each from different animals. The preparation was 
suspended in a 30-ml tissue bath containing modified Krebs-bicar- 
bonate solution of the following composition (retool/I): NaC1 116.0; 
KCI 3.2; CaC12 1.2; MgC12 1.2; NaH2PO4 1.2; NaHCO3 22.0; 
glucose 10.1; ascorbic acid 1.1, and equilibrated with a 95% 02-5% 
CO2 gas mixture, pH 7.4, at 37 ~ 

Isometric tension was recorded by means of force transducers 
(Type DY0 Basile, Comerio, Italy) connected to a chart recorder 
(Unirecord Basile, Comerio, Italy). The preparation was held at 
a resting tension of 20 mN and allowed to equilibrate at optimal 
length for 60-90 min before experiments were started, the buffer 
being changed every 15 rain. Preparations were pre-contracted with 
the approximate ECso of noradrenaline (30 ~tM), washed and equi- 
librated for at least 60 rain before experiments were started. This 
procedure was found to increase and stabilize any subsequent con- 
tractile response to noradrenaline. One preparation was used to 
determine the cumulative concentration-response curve of norad- 
renaline in order to calculate the ECso (concentration inducing half- 
maximal contraction) of the contractile agonist for each rabbit. For 
relaxation studies, vasodilator drugs were cumulatively added to 
preparations precontracted with ECso noradrenaline to steady-state 
tension. At the end of the experiments, ECso noradrenaline was 
added to verify contraction stability. The spontaneous relaxation 
following this contraction was subtracted from the relaxation caused 
by the vasodilator agonists in the previous curve, to calculate the net 
effect of the agonists. Of the different relaxing drugs that were tested, 
in our experimental conditions, prostaglandin E~ (PGE~) and the 
calcium ionophore A23187 failed to produce any relaxant effect in 
the preparation precontracted with NA. 

Drugs and reagents 

Adenosine 5'-triphosphate (ATP) sodium salt, adenosine, N~ - 
L-arginine methyl ester (L-NAME), acetylcholine (ACh) bromide, 
sodium nitrite, nifedipine, A23187 and noradrenaline (NA) bitartrate 
were purchased from Sigma (St. Louis, MO, USA). Suramin was 
kindly supplied by Dr. A, Faggiotto (Bayer, Milan, Italy). PGE~ 
(alprostadil) was a kind gift from Upjohn, Caponago, Italy. 

Statistical analysis 

The percentage relaxation caused by each drug was calculated by 
assigning the maximal contraction at steady state induced by norad- 

renaline ECso as 100%. Data were expressed as means _+ SEM. 
Differences between means were compared by Student's two-tailed 
t-test for unpaired data, and a probability level of 0.05 was accepted 
as significant. 

Results 

Contraction by noradrenaline 

On initial incubation in saline solution the prepara- 
tions presented slight spontaneous contractions from 
baseline tone. The addition of NA induced a concentra- 
tion-dependent contraction in the concentration range 
(10 nM-3 mM); the maximal contractions among the 
different groups of age were 12, 15 and 38 mN at 3, 
7 and 24 months, respectively, with 3 mM NA. The 
differences were statistically significant between 3, 
7 and 24 months (Fig. 1A); normalization of the data to 
the respective maximum values indicated different NA 
sensitivities between 3, 7 and 24 months (Fig. 1B). 

Relaxation induced by ace@choline 

On NA-precontracted tissue, ACh produced a concen- 
tration-dependent relaxant effect in the three age 
groups (Fig. 2). However, 24-month-old animals 
showed a greater relaxant effect of ACh in the concen- 
tration range 0.1-1 txM, followed by a reduction of the 
maximal relaxant tone at higher concentrations. No 
significant variation was observed between the 3- 
month-old and 7-month-old animals (Fig. 2). 

Relaxation induced by purines 

ATP induced a concentration-dependent relaxant ef- 
fect in the NA-precontracted preparations from all 
groups (Fig. 3). The relaxant effect obtained in aged 
animals was, however, significantly higher than that in 
the two younger groups. Twenty minutes preincuba- 
tion of the preparations with the NO-synthase inhibi- 
tor L-NAME (0.1 mM) or with suramin (0.1 mM) did 
not affect the relaxation induced by ATP in any group 
(data not shown). Adenosine induced a concentration- 
dependent relaxation of the preparations (Fig. 4). The 
relaxant response was slightly but significantly higher 
in tissues from older animals treated with adenosine 
0.1 mM. 

Relaxation induced by sodium nitrite and nifedipine 

The relaxation produced by sodium nitrite is presented 
in Fig. 6. While the preparations from the young rab- 
bits were responsive to the drug, the relaxation in older 
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Fig. 1A,B Contraction induced by noradrenaline in erectile tissue 
obtained from rabbits of different ages. Responses are presented as 
direct force developed (raN, A) or percentage maximal response (B). 
Points are means _+ SE obtained from nine strips, each from a differ- 
ent rabbit. A P < 0 . 0 5 ,  AA P < 0 . 0 1  and A A A  P<0 .001 ,  
3 months vs 24 months. * P < 0.05, ** P < 0.01, *** P < 0.01, 
7 months vs 24 months 

rabbits appeared to be reduced; responses in prepara- 
tions from the 24-month-old group presented more 
than a 60% reduction in vascular relaxation at the 
10-mM sodium nitrite concentration (Fig. 5). Another 
drug acting through endothelium-independent mecha- 
nisms is the calcium-channel blocker nifedipine. The 
drug induced a concentration-dependent relaxation 
that was reduced in older animals, but was significantly 
greater at the intermediate age (Fig. 6). No differences 
were found between 3 and 7 months of age. 

Discussion 

The present data demonstrate that rabbit erectile tissue 
in vitro undergoes age-related changes in sensitivity to 
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Fig. 2 Relaxing response to acetylcholine (ACh) of erectile tissue 
from rabbits of different ages. Points are means _+ SE obtained from 
five strips, each from a different rabbit. A P < 0.05, 3 months vs 24 
months. * P < 0.05, 7 months vs 24 months 
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Fig. 3 Response to ATP of erectiIe tissue from rabbits of different 
ages. Points are means + SE obtained from five strips, each from 
a different rabbit. A p < 0.05, 3 months vs 24 months. * P < 0.05, 
7 months vs 24 months 

drugs. In particular, the effects of the classical en- 
dothelium-dependent relaxant drug ACh are reduced 
in older animals at the higher concentration, while the 
effect of purinergic drugs appears to be enhanced. Con- 
versely, the response to a calcium antagonist or to 
sodium nitrite is reduced in older animals. 

Due to the difficulty of obtaining human penile erec- 
tile tissue, the use of cavernosal tissue from animals, 
especially rabbits, has been proposed for in vitro and in 
vivo studies I-4]. It should be remembered that neuro- 
transmission and cavernosal tissue responses to vari- 
ous drugs may show significant species differences. 
However, the present findings in rabbit erectile tissue 
may yield some information about changes due to 
ageing. 
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Fig. 4 Response to adenosine of erectile tissue from rabbits of 
different ages. Points are means _+ SE obtained from five strips, each 
from a different rabbit. * P < 0.05, 7 months vs 24 months 
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Fig. 6. Relaxing response to nifedipine of erectile tissue from rabbits 
of different ages. Points are means • SE obtained from five strips, 
each from a different rabbit. *** P < 0.001, 7 months vs 24 months 
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Fig. 5 Relaxing response to sodium nitrite of erectile tissue from 
rabbits of different ages. Points are means _+ SE obtained from five 
strips, each from a different rabbit. A p < 0.05, 3 months vs 24 
months 

Many authors have reported that various endogen- 
ous mediators or pharmacological agents are able to 
induce relaxation of cavernosal smooth muscle [3, 9, 
11, 35]; among these are adenosine, ATP and prosta- 
glandins. The non-adrenergic non-cholinergic system 
appeared to be particularly involved in the penile erec- 
tile response, since ATP has been shown to be able to 
induce cavernosal tissue relaxation [31, 41]. The pres- 
ent data suggest that ATP, as well as its metabolite 
adenosine, is specifically involved in the maintenance of 
corpus cavernosal activity in ageing. We report here 
that the cavernosal response to purines in old rabbits is 
well maintained and even augmented compared to 
young and adult rabbits, unlike the response to the 
cholinergic agonist ACh which is impaired in old ani- 

mals. Lack of muscarinic receptor activity is considered 
as a precocious marker of endothelial impairment, such 
as in the atherosclerotic process [12, 181 or in ageing 
[221 In accordance with previous observations from 
various vascular areas, in cavernous tissue muscarinic 
endothelial activity is altered in the elderly. Interesting- 
ly, despite a reduced maximal response to acetylcholine 
in older animals, the activity of the drug was increased 
at lower concentrations, suggesting a hypersensitivity 
of penile muscarinic receptors. The data obtained using 
other relaxants may indicate receptor targets for defin- 
ing the pathophysiology of impotence and reduced 
penile responsiveness in ageing. The response to 
purines involves the recognition of their mechanism of 
action. ATP acts via purinergic P2 receptors [7, 8]; in 
particular, P2y purinoceptors have been identified in 
many vascular beds, mediating vasorelaxation by ATP 
E15, 32]. However, ATP can be hydrolysed by ectonuc- 
leotidases [5, 20, 25] and produce adenosine, which 
relaxes vessels via P1 purinoceptors of the A2 type, 
located both on vascular smooth muscle [16, 33] and 
on endothelium E16, 33, 441. This mechanism of relax- 
ation induced by adenosine and ATP has been sugges- 
ted to exist in cavernosus tissue by Chiang et al. [-! 1], 
who used antagonists of the A2b purinoceptor type. In 
the present study, the lack of inhibition induced by 
suramin suggests that ATP-induced relaxation in cor- 
pus cavernosum from rabbits of the different ages is not 
due to P2y purinoceptor activation. A Pt-mediated 
response could be hypothesized, according to Chiang et 
al. [111, maintaining the high degree of responsiveness 
in ageing. Our data further indicate that this effect 
appears not to be NO mediated, since L-NAME is not 
effective in altering ATP relaxation, suggesting that 
the receptor involved is located on smooth muscle. 
This result is in contrast with other studies which 
indicated that NO was responsible for the NANC 
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neurogen ic  e n d o t h e l i u m - i n d e p e n d e n t  re laxat ion  of  
c o r p o r a l  s m o o t h  muscle  [-23, 27, 31]. 

I n t r acave rnosa l  inject ion of  P G E 1  is cur ren t ly  used 
to t reat  impo tence  [10, 24, 38]. Inc reased  synthesis  of  
c A M P  induced  by  P G E 1  has been  r epor t ed  in the penis 
of  the diabet ic  rat, suggest ing an up regu la t i on  of  adeny-  
late cyclase act ivi ty  on  E 1 recep tor  coup l ing  as an 
adap t ive  p h e n o m e n o n  [29].  In  a c c o r d a n c e  with o ther  
au tho r s  [40],  P G E ~  did no t  induce  any  re levant  relax- 
a t ion  of  co rporea l  tissue in ou r  exper imenta l  cond i t ions  
(data  no t  shown),  conf i rming  tha t  rabbi ts  are no t  sus- 
ceptible to the ac t ion  of  this p ros tag land in .  

Responses  to the ca lc ium-channe l  b locker  nifedipine 
suggested  tha t  ageing impai rs  the s m o o t h  muscle  c o m -  
p o n e n t  re la ted to vol tage-sensi t ive ca lc ium channels  
loca ted  in s m o o t h  muscle  [30].  These  results can be 
expla ined as a diffuse p h e n o m e n o n  of  vascular  ageing, 
a l ready  descr ibed in o ther  areas, inc luding the thorac ic  
a o r t a  [-30]. The  age-re la ted  r educ t ion  of  cavernosa l  
tissue re laxat ion  to sod ium nitrite also conf i rms tha t  
s m o o t h  muscle  func t ion  is impaired.  This f inding is in 
ag reemen t  with decreased responses  to papaver ine  and  
his to logical  a l te ra t ions  of  the s t ruc ture  of  the c o r p o r a  
cave rnosa  ma in ly  due to an  increase in col lagen fibres 
and  a decrease  in s m o o t h  muscle  and  elastic fibres 
[6, 10, 17, 43]. 

In  s u m m a r y ,  the present  d a t a  lead to the conc lus ion  
tha t  ag ing  selectively alters the in vi tro responsiveness  
of  rabb i t  co rpus  cave rnosum,  as observed  in o ther  
vascular  areas [13, 14]. In  rabb i t  erectile tissue, the 
pur inergic  sys tem remains  act ive despite decreases in 
max ima l  endothel ia l  chol inergic  act ivi ty  and  direct  
s m o o t h  muscle  c o m p o n e n t s .  

Acknowledgements This work was supported by a grant from 
Dr. Donato Giovagnini at TeS (Lugano, Switzerland) and from 
CNR (Consiglio Nazionale delle Ricerche, Rome, Italy). We would 
like to thank Mr. Enrico Secchi for his excellent technical assistance 
and Dr. Eddie Hornby for careful editing of the English text. 

References 

1. Aboseif SR, Lue TF (1988) Hemodynamics of penile erection. 
Urol Clin North Am 15:1 

2. Adaikan PG, Kottegoda SR, Ratnam SS (1986) Is vasoactive 
intestinal polypeptide the principal transmitter involved in hu- 
man penile erection? J Urol 135:638 

3. Anderson KE, Holmquist F (1990) Mechanisms for contraction 
and relaxation of human penile smooth muscle. Int J Impotence 
Res 2:209 

4. Anderson KE, Wagner G (1995) Physiology of penile erection. 
Physiol Rev 75:191 

5. Banya Y, Aoki H, Takagane H, Fujioka T, Kubo T, Ohhori T, 
Monma N, Satodate R (1988) Age-related changes of smooth 
muscle and collagen fibers in hhman corpus cavernosum penis: 
a histo-quantitative study by an image analyzer. Proc Third 
Biennial World Meeting on Impotence, Boston, p 10 

6. Bondil P, Costa P, Daures JP, Louis JF, Navratil H (1992) 
Clinical study of the longitudinal deformation of the flaccid 
penis and of its variations with aging. Eur Urol 21:284 

7. Burnstock G (1987) Local control of blood pressure by purines. 
Blood Vessels 24:156 

8. Burnstock G, Kennedy C (1985) Is there a basis for distinguish- 
ing two types of P2-purinoceptor? Gen Pharmacol 16:433 

9. Bush PA, Aronson WJ, Railer J, Buga GM, Ignarro LJ (1992) 
Comparison of nonadrenergic, noncholinergic- and nitric-oxide 
mediated relaxation of corpus cavernosum. Int J Impotence Res 
4:85 

10. Calabr6 A, Italiano G, Pescatori ES, Matin A, Oliva G, Abatan- 
gelo G, Pagano F (1996) Physiological aging and penile erectile 
funtion: a study in the rat. Eur Urol 29:240 

11. Chiang PH, Wu SN, Tsai EM, Wu CC, Shen MR, Huang CH, 
Chiang CP (1994) Adenosine modulation of neurotransmission 
in penile erection. Br J Clin Pharmacol 38:357 

12. Chinellato A, Ragazzi E (1995) Receptor-mediated pathways of 
endothelium activity in experimental atherosclerosis. Pharma- 
col Res 31:163 

13. Chinellato A, Pandolfo L, Ragazzi E, Zambonin MR, Froldi G, 
De Biasi M, Caparrotta L, Fassina G (1991) Effect of age on 
rabbit aortic responses to relaxant endothelium-dependent 
agents. Blood Vessels 28:358 

14. Chinellato A, Banchieri N, Pandolfo L, Ragazzi E, Froldi G, 
Norido F, Caparrotta L, Fassina G (1991) Aortic response to 
relaxing agents in Watanabe heritable hyperlipidemic (WHHL) 
rabbits of different age. Atherosclerosis 89:223. 

15. Chinellato A, Ragazzi E, Pandolfo L, Froldi G, Caparrotta L, 
Fassina G (1994) Purine- and nucleotide-mediated relaxation of 
rabbit thoracic aorta: common and different sites of action. 
J Pharm Pharmacol 46:337 

16. Collins MG, Brown CM (1983) Adenosine relaxes the aorta by 
interacting with an A2 receptor and an intracellular site. Eur 
J Pharmacol 96:61 

17. Conti G, Virag R (1989) Human penile erection and organic 
impotence: normal histology and histopathology. Urol Int 44: 
303 

18. De Mey JG, Vanhoutte PM (1981) Role of the intima in 
cholinergic and purinergic relaxation of isolated canine femoral 
arteries. J Physiol (London) 316:347 

19. Fuchs AM, Mehringer CM, Rajfer J (1989) Anatomy of penile 
venous drainage in potent and impotent men during cavern- 
osography. J Urol 14l:1353 

20. Gerlach E, Nees S, Becker BF (1985) The vascular endothelium: 
a survey of some newly evolving biochemical and physiological 
features. Basic Res Cardiol 80:459 

21. Hedlund H, Andersson KE (1985) Contraction and relaxation 
induced by some prostanoids in isolated human penile erectile 
tissue and cavernous artery. J Urol 134:1245 

22. Hynes MR, Duckles SP (1987) Effect of increasing age on the 
endothelium-mediated relaxation of rat blood vessels in vitro. 
J Pharmacol Exp Ther 241:387 

23. Ignarro L (1992) Nitric oxide as the physiological mediator of 
penile erection. J N I H Res 4:59 

24. Ishii N, Watanabe H, Irisawa M (1989) Intracavernous injection 
of prostaglandin E1 for the treatment of erectile impotence. 
J Urol 141:323 

25. Kelm M, Schrader J (1990) Control of coronary vascular tone by 
nitric oxide. Circulation Res 66:1561 

26. Kim YC, Kim JH, Davies MG, Hagen PO, Carson CC (1995) 
Modulation of vasoactive intestinal polypeptide (VIP)-mediated 
relaxation by nitric oxide and prostanoids in the rabbit corpus 
cavernosum. J Urol 153:807 

27. Knispel HH, Goessl C, Beckmann R (1992) Nitric oxide me- 
diates relaxation in rabbit and human corpus cavernosum 
smooth muscle. Urol Res 20:253 

28. Lue TF, Tanagho EA (1987) Physiology of erection and phar- 
macological management of impotence. J Urol 137:829 

29. Miller MAW, Morgan R J, Thompson CS, Mikhailidis DP, 
Jeremy JY (1994) Adenylate and guanylate cyclase activity in the 
penis and aorta of the diabetic rat: an in vitro study. Br J Urol 
74:106 



322 

30. Ragazzi E, Chinellato A, Pandolfo L, Froldi G, Caparrotta L, 
Fassina G (1994) Effect of calcium antagonists on isolated aorta 
from hypercholesterolemic Yoshida rats of different ages. Gen 
Pharmacol 25:1321 

31. Rajfer J, Aronson WJ, Bush PA, Dorey FJ, Ignarro LJ (1992) 
Nitric oxide as a mediator of relaxation of the corpus cavern- 
osum in reponse to nonadrenergic, noncholinergic neurotrans- 
mission. N Engl J Med 326:90 

32. Ralevic V, Burnstock G (1988) Action mediated by P2- 
purinoceptor subtype in the isolated perfused mesenteric bed of 
the rat. Br J Pharmacol 95:637 

33. Rose'Meyer RB, Hope W (1990) Evidence that Az purinoceptors 
are involved in endothelium-dependent relaxation of the rat 
thoracic aorta. Br J Pharmacol 100:576 

34. Saenz de Tejada I, Goldstein I, Blanco R, Cohen RA, Krane RJ 
(1985) Smooth muscle of the corpora cavernosae: role in penile 
erection. Surg Forum 36:623 

35. Saenz de Tejada I, Goldstein I, Krane R (1988) Local control of 
penile erection. Urol Clin N Am 15:9 

36. Saenz de Tejada I, Goldstein I, Azadzoi K, Krane RJ, Cohen RA 
(1989) Impaired neurogenic and endothelium-dependent relax- 
ation of human penile smooth muscle from diabetic men with 
impotence. N Engl J Med 320:1025 

37. Saenz de Tejada I, Moroukian P, Tessier J, Kim JJ, Goldstein I, 
Frohrib D (1991) Trabecular smooth muscle modulates the 

capacitor function of the penis. Studies on a rabbit model. Am 
J Physiol 260:H1590 

38. Stackl W, Hasun R (1990) Prostaglandin E1 Four years 
experience on intracavernous injection. Int J Impotence Res 
2(Suppl): 255 

39. Stief C, Benard F, Bosch R, Aboseif S, Nunes L, Lue RF, 
Tanagho EA (1989) Acetylcholine as a possible neurotransmit- 
ter in penile erection. J Urol 141:1444 

40. Taub HC, Lerner SE, Melman A, Christ GJ (1993) Relationship 
between contraction and relaxation in human and rabbit corpus 
cavernosum. Urology 42:698 

41. Tong Y-C, Broderick G, Hypolite J, Levin RM (1992) Relaxant 
effect of adenosine 5'-triphosphate on rabbit corpus cavernosal 
tissue. Int J Impotence Res 4(Suppl 1):111 

42. Vom Saal FS, Finch CE (1988) Reproductive senescence: phe- 
nomena and mechanisms in mammals and selected vertebrates. 
In: Knobil E, Neill JD (eds) The physiology of reproduction, 
Raven Press, New York, pp 2351 2413 

43. Wespes E, Moreira De Goes P, Schulman C (1992) Age-reduc- 
tion of smooth muscle fibers in potent men. Int J Impotence Res 
4(Suppl 2): P32 

44. White TD, Angus JA (1987) Relaxant effects of ATP and adeno- 
sine on canine large and small coronary arteries in vitro. Eur 
J Pbarmacol 143:119 


