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Cavernous smooth muscle changes during penile 
erection and sympathetic Stimulation 

C . G . STIEF M D , R. BOSCH M D , W . DIEDERICHS M D , 
R BENARD M D , C PADULA M D , P. C . GOLDSMITH M D , 

T. F. L U E M D , AND E. A . TANAGHO 

Departments of Urology, Obstetrics and Gynecology, and Reproductive Sciences, 
University of California Schoo! of Medicine, San Francisco, California, U S A . 

We studied the cavernous smooth muscle of eight dogs in the flaccid State, during 
erection induced by cavernous nerve Stimulation or papaverine injection, and 
dur ing sympathetic Stimulation or after epinephrine administration. Histologie 
s ta ining and electronic microscopy demonstrated cavernous smooth muscle 
relaxation dur ing erection. The characteristic smooth muscle contraction in the 
f l a c c i d State was enhanced by s y m p a t h e t i c S t i m u l a t i o n or i n t r a e a v e r n o u s 
epinephrine injection. Cavernous smooth muscle relaxation is a major factor in the 
erectile process. 

Keywords : smooth muscle, cavernous tissue, papaverine injection, sympathetic 
S t i m u l a t i o n . 

In the 17th C e n t u r y , d e G r a a f 1 i n d u c e d p e n i l e e rec t ion b y a r t e r i a l p e r f u s i o n w i t h 
w a t e r a n d c o n c l u d e d that e r e c t i o n r e s u l t s f r o m i n c r e a s e d arterial f l o w . H e a lso 
pos tu la ted that venous o c c l u s i o n is a prerequis i te . A b o u t a Century later, L a n g g u t h " 
r e p o r t e d t h a t t h e e x p a n s i o n o f t h e p e n i l e t i s s u e w i t h e r e c t i o n i s a n a c t i v e 
p h e n o m e n o n . W i t h the p r o g r e s s i n m i c r o s c o p i c t e c h n i q u e s , K ö l l i k e r , f r o m h i s 
h is to logic s tudies of 1852\ i n f e r r e d that the c a v e r n o u s bodies are capable of active 
r e l a x a t i o n a n d c o n t r a c t i o n — l a t e r c o n f i r m e d b y E c k h a r d i n h i s c l a s s i c 1863 
n e u r o p h y s i o l o g i c s tudies i n dogs . 

In recent years , m o r e sophis t i ca ted techniques have been u s e d to invest igate the 
h e m o d y n a m i c s of rj>enile erect ion " . A l t h o u g h increased ar ter ia l f l o w a n d decreased 
v e n o u s d r a i n a g e ' h a v e been d e m o n s t r a t e d , c a v e r n o u s s m o o t h m u s c l e r e l a x a t i o n 
has been d e d u c e d o n l y i n d i r e c t l y . I n d e e d , as recent ly as the f irst W o r l d C o n g r e s s o n 
I m p o t e n c e i n 1984, the v e r y e x i s t e n c e of s m o o t h m u s c l e r e l a x a t i o n r e m a i n e d 
c o n t r o v e r s i a l . T h e p u r p o s e of th i s s t u d y w a s to c o n f i r m , h i s t o l o g i c a l l y a n d v i a 
e lectron m i c r o s c o p y , dif ferences of the c a v e r n o u s s m o o t h musc les i n the contracted, 
f l a c c i d a n d erect states. 

Correspondence: C. G . Stief, Department of Urology, M H H , Konstanty Gutschowstr. 8, 3000 
Hannover 61, Germany. 
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M A T E R I A L S A N D M E T H O D S 

In e ight m o n g r e l d o g s , w e i g h i n g 26.8 to 39.3 k g , cuf f e lec t rodes w e r e i m p l a n t e d 
a r o u n d the c a v e r n o u s nerves a n d the s y m p a t h e t i c t r u n k s (at the l e v e l of L5) for 
electrical nerve Stimulation as p r e v i o u s l y descr ibed l S . N e e d l e s (21-gauge) connected 
to S tatham transducers ( M o d . P 23 B C ) w e r e p l a c e d p r o x i m a l l y i n b o t h cavernous 
b o d i e s for p r e s s u r e r e c o r d i n g . T h r e e 19-gauge s c a l p - v e i n n e e d l e s w e r e i n s e r t e d 
b i la te ra l ly at the m i d p o i n t of the c o r p o r a . T h e c a v e r n o u s nerves w e r e s t i m u l a t e d 
three t imes (1.2 V , 20 H z , p u l s e d u r a t i o n 1 m s , Stimulation t ime 1 m i n ) , separated b y 
1 0 - m i n intervals , f o l l o w e d b y three s t i m u l a t i o n s of the s y m p a t h e t i c t r u n k s (2.5 V , 20 
H z , p u l s e d u r a t i o n 1 ms , Stimulation t ime 1 m i n ) . T h i s Stimulation p r o t o c o l w a s then 
repeated. 

A f t e r the p a r a s y m p a t h e t i c a n d s y m p a t h e t i c n e r v e s t i m u l a t i o n s w e r e s h o w n to be 
effective i n i n d u c i n g a n d a b o l i s h i n g erect ion, the aorta w a s c l a m p e d p r o x i m a l to the 
b i f u r c a t i o n . T o m i n i m i z e d i s t e n s i o n a r t i f a c t s of t h e c a v e r n o u s t i s s u e d u r i n g 
p e r f u s i o n , the cavernous bodies w e r e cut d i s t a l l y , p r o x i m a l to the os penis . Before 
sal ine p e r f u s i o n , the dogs w e r e treated as f o l l o w s : i n t w o , the c a v e r n o u s nerves w e r e 
s t imula ted for 30 seconds; i n another t w o the s y m p a t h e t i c nerves w e r e s t i m u l a t e d 
for 30 seconds ; i n one d o g each, p a p a v e r i n e (10 m g ; L i l l y ) or e p i n e p h r i n e (1 m g ; 
A b b o t t ) w a s injected in to b o t h c o r p o r a ; a n d t w o c o n t r o l d o g s rece ived n o treatment. 

T h r o u g h the in t racavernous scalp v e i n needles a n d , s i m u l t a n e o u s l y , a 16-gauge 
needle i n the in fer ior aorta , w e p e r f u s e d n o r m a l sal ine (37°C) for 10 seconds to w a s h 
o u t the e r y t h r o c y t e s f o l l o w e d b y s o d i u m c a c o d y l a t e - b u f f e r e d (0.15 M ) B o l a r ' s 
f i x a t i v e (2 per cent p a r a f o r m a l d e h y d e a n d 0.75 p e r cent g l u t a r a l d e h y d e ) at r o o m 
temperature . T h e i n n e r sect ion (about 0.5 c m thick) of the m i d - p o r t i o n of the c o r p o r a 
cavernosa w a s cut out a n d i m m e r s e d i n Bolar ' s f ixa t ive . A f t e r o v e r n i g h t storage at 
4 ° C , p ieces of c a v e r n o u s t i s s u e (about 2 m m ' ) w e r e cut o u t a n d p r o c e s s e d for 
electron m i c r o s c o p y . T h e r e m a i n i n g tissue b l o c k w a s p u t i n 10 per cent f o r m a l i n for 
3 d a y s a n d processed for l ight m i c r o s c o p y ( h e m a t o x y l i n a n d eos in a n d t r i chrome) . 

A l l va lues are expressed as the m e a n ± S D unless o therwise i n d i c a t e d . Statist ical 
ana lys i s w a s p e r f o r m e d w i t h Student ' s /--test. 

R E S U L T S 

In the f o l l o w i n g , the results of the s t u d y are g i v e n as m e a n va lues + S D of the eight 
a n i m a l s . The m e a n basel ine in t racavernous pressure of 18 ± 4.2 c m H 2 0 rose w i t h 
cavernous nerve Stimulation to a m e a n erectile pressure of 145 ± 10.9 c m H 2 O . A f t e r 
c e s s a t i o n of Stimulation, the p r e s s u r e r e t u r n e d to b a s e l i n e w i t h i n 4 to 6 m i n . 
S y m p a t h e t i c Stimulation i n d u c e d a b r i e f p r e s s u r e r ise of m e a n 9 ± 0.8 c m H 2 0 , 
w h i c h r e t u r n e d to b a s e l i n e i m m e d i a t e l y u p o n cessa t ion . W h e n the s y m p a t h e t i c 
t r u n k s w e r e s t i m u l a t e d i n the füll e r e c t i o n State ( i n d u c e d b y c a v e r n o u s n e r v e 
Stimulation), a s y m m e t r i c a l h u m p - l i k e rise i n pressure for 5 to 8 seconds resu l ted , 
f o l l o w e d b y a n i m m e d i a t e fa l l . 

In each cavernous b o d y , three arter ia l sections of the above descr ibed c a v e r n o u s 
area w e r e m e a s u r e d . T h e d i a m e t e r of the c a v e r n o u s artery (F ig . 1), as m e a s u r e d b y 
l i g h t m i c r o s c o p y , w a s 0.81 ± 0.21 m m i n the f lacc id State; this increased to 1.72 ± 0.27 
m m af ter c a v e r n o u s n e r v e Stimulation a n d d e c r e a s e d to 0.43 ± 0.11 m m af ter 
s y m p a t h e t i c S t imulat ion . T h e d i f f e r e n c e b e t w e e n the f l a c c i d a n d s t i m u l a t e d 
d i a m e t e r s w a s s t a t i s t i c a l l y s i g n i f i c a n t (P<0.05) ; h o w e v e r , w h e n t h e a r t e r i a l 
d i a m e t e r s af ter c a v e r n o u s n e r v e Stimulation a n d p a p a v e r i n e t r e a t m e n t or a f ter 
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B 

s t i m u l a t i o n ; ( C ) after sympathetic S t i m u l a t i o n . 

sympathetic Stimulation and epinephrine treatment were compared, the differences 
were not significant. 

T h e cavernous Spaces ( F i g 2) were d i m i n i s h e d after s y m p a t h e t i c Stimulation, 
when compared w i t h the f l a c c i d State, but markedly distended after cavernous 
nerve Stimulation. 

W i t h electron microscopy, the cavernous smooth muscle ce l l s ( F i g . 3) were 
contracted after sympathetic Stimulation or epinephrine injection, when compared 
w i t h the flaccid State; after cavernous nerve Stimulation or papaverine injection, 
t h e i r a p p e a r a n c e was relaxed, ie i n c r e a s e d l e n g t h and decreased diameter. T h e 
shape of the smooth muscle nuclei was congruent with the contour of the cell: after 
sympathetic Stimulation or epinephrine injection, they were undulating, signifying 
active contraction as opposed to passive contraction by perfusion or inappropriate 
treatment of the tissue; after cavernous nerve Stimulation or papaverine injection, 
they were markedly elongated with reduced cross-sectional diameters. 

D I S C U S S I O N 

T h e study presented suggests that there is a considerable di f ference of the arterial 
diameter during s y m p a t h e t i c Stimulation, the f lacc id State and the erect State. T h e 
data are stat is t ical ly s igni f icant , but d u e to the s m a l l number of the groups this does 
n o t necessarily seem to be b i o l o g i c a l l y s ignif icant . N o n e t h e l e s s , the arterial 
diameters measured in the three different states are so different that at least the 
assumption of an increasing arterial diameter w i t h erection and a decrease in 
diameter during s y m p a t h e t i c Stimulation is j u s t i f i e d . These experimental data are 
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s u p p o r t e d b y m a n y c l i n i c a l p u l s e d D o p p l e r e x a m i n a t i o n s , s h o w i n g a s i g n i f i c a n t 
i n c r e a s e i n the c a v e r n o u s a r t e r i a l d i a m e t e r a f te r the i n d u c t i o n of e r e c t i o n b y 
vasoact ive d r u g s 

R e g a r d i n g the cavernous Spaces, n o q u a n t i f i c a t i o n of o u r data was poss ib le d u e 
to lack of c o m p u t e r - a i d e d m i c r o s c o p i c analys is faci l i t ies . Therefore , fur ther s tudies 
are necessary for q u a n t i f i c a t i o n of the a m o u n t of s m o o t h m u s c l e a n d f ibrous t issue 
c o m p a r e d to the space of the cavernous s i n u s o i d s i n the di f ferent states. 

O u r s t u d y demonstra tes h i s t o l o g i c a l l y that can ine erec t ion entai ls a s ign i f i cant 
increase i n cavernous a r t e r i a l diameter a n d relaxation of the cavernous s m o o t h 
musc les , c o n f i r m i n g w h a t earl ier s tudies h a d i m p l i e d . A l t h o u g h the detumescence 
phase attracted scientif ic a t tent ion o n l y r e c e n t l y 1 0 ' 1 1 , K o l l i k e r h a d a l r e a d y c o n c l u d e d 
i n 1852 that d e t u m e s c e n c e is l i k e l y d u e to s m o o t h m u s c l e c o n t r a c t i o n . H e a l so 
repor ted that, u n d e r cer ta in c i rcumstances (eg a p p l i c a t i o n of c o l d water ) , the penis 
can become smal ler t h a n i n the f l acc id State, a n d "the penis then reaches its mos t 
poss ib le smal lness a n d a stränge k i n d of h a r d n e s s " \ W e m a d e s i m i l a r observat ions 
af ter s y m p a t h e t i c t r u n k Stimulation. A r i se i n the i n t r a c a v e r n o u s p r e s s u r e w a s 
a c c o m p a n i e d b y a p a l p a b l e h a r d e n i n g o f t h e c a v e r n o u s b o d i e s . S i m i l a r l y , 
sympathe t i c Stimulation d u r i n g füll erect ion first resul ted i n a r ise i n i n t r a c a v e r n o u s 
pressure a n d then a b o l i t i o n of the erect ion. M i c r o s c o p y s h o w e d that these changes 
result f r o m cavernous s m o o t h m u s c l e contract ion . 

O u r h i s t o l o g i c f i n d i n g s substant iate the a s s u m p t i o n that erec t ion is associated 
w i t h c a v e r n o u s s m o o t h m u s c l e r e l a x a t i o n . F u r t h e r m o r e , this s t u d y d e m o n s t r a t e s 
that contract ion of the cavernous s m o o t h m u s c l e s b e y o n d that of the f lacc id State is 
poss ib le a n d can be e l ic i ted b y sympathet i c S t i m u l a t i o n . 
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F i g u r e 3. C a v e r n o u s smooth 
muscle cells after electron 
microscopy (x 22, 700 before 
r e d u c t i o n ) : (A) in the flaccid 
State; (B) after cavernous nerve 
Stimulation; (C) after sym
pathetic Stimulation (note the 
undulating contour of the nuclei 
n C , signifying active 

contraction). 
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