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In  1968 Eliasson and Risley ( 1 )  reported 
on levels of the catecholamines, norepineph- 
rine, and epinephrine in the testis, epidid- 
ymis, and vas deferens of the cat, rabbit, 
guinea pig, and rat. Recently, Eik-Nes (2) 
observed that when isoproterenol, epineph- 
rine, or norepinephrine was administered 
via the spermatic artery of the dog, secretion 
and production of testosterone increased. 
Norepinephrine was a weaker stimulant than 
epinephrine and exhibited its maximal effect 
on testosterone secretion at  a slower rate than 
epinephrine. This difference may possibly 
reflect a gradual conversion of norepineph- 
rine to epinephrine in the dog testis. The 
enzyme phenethanolamine N-methyl trans- 
ferase catalyzes the conversion of norepineph- 
rine to epinephrine (3) , but its presence in 
vertebrate testes has not been reported. 
Axelrod and Goldzieher (4) demonstrated, 
however, that human testes contain transmeth- 
ylation activity, as shown by the conversion 
of 2-hydroxy steroids to their 2-methoxy an- 
alogs. 
a The purpose of this communication is to 
show that canine testes convert norepineph- 
rine to epinephrine in vivo. 

Experimental Procedure. Testes were in- 
fused via the spermatic arteries as described 
by our laboratories (2). The constant flow of 
arterial blood in this preparation (animal 
preparation no. 2, see Ref. 2 )  was 3.86 ml 
per min. Tritiated norepinephrine (DL-norep- 
ine~hrine-7-~H, specific activity 5 Ci/m- 
mole, obtained from New England Nuclear) 
was dissolved in 0.9% sodium chloride solu- 
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tion and added to the arterial blood in the 
spermatic artery at  a constant rate of 0.38 
ml/min. When used, human chorionic gonad- 
otropin, (HCG, obtained from Ayerst Labor- 
ratories) was added to the 0.9% sodium chlo- 
ride solution containing tritiated norepineph- 
rine. 

Spermatic venlous blood firom infused testes 
was collected in 15-min samples over the 
90-min infusion period and centrifuged at 
1OOOg for 30 min. Plasma fractions were 
adjusted to 0.4 N with 4 N perchloric acid 
and refrigerated for 18 hr. Infused testes 

TABLE I. Recrystallization of Epinephrine-*H 
from Spermatic Venous Blood of Dogs Infused 
with Norepinephrine-3H via the Spermatic Artery." 

~ ~~ 

% Deviation of 
Specific specific radio- 
radio- activity fo r  re- 

Recr y s talli- ac tivi ty crystallizations 
Exp. zation no.b (dpm/mg) 4-6 

I 1 
2 
3 
4 
5 
6 

I1 1 
2 
3 
4 
5 
6 

3490 
3250 
3000 
2520 0.1 
2530 0.7 
2500 0.8 

1540 
1450 
1340 
1140 3.0 
1100 0.8 
1080 2.2 

a Spermatic venous blood was processed as out- 
lined. After paper chromatography in n-butanol: 
acetic acid :water (4 : 1 : 1) , material behaving chro- 
matographically like epinephrine was recrystallized 
six times from methanol. 

Solvent : methanol. 
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were weighed and homogenized (Waring 
Blendar) in 60 ml 0.4 N perchloric acid. The 
homogenate was refrigerated for 18 hr. 

Deproteinized plasma and tissue samples 
were centrifuged (4') a t  30,OOOg for 30 
min, followed by addition of 500,000 dpm 
and 250,000 dpm ~~-epinephrine-7-l~C (spe- 
cific activity 45 mCi/mmole, obtained from 
New England Nuclear) to the plasma and 
tissue supernatant fractions, respectively, for 
the purpose of determining epinephrine 
recovery. After addition of 10 mg ascorbic 
acid and 250 mg EDTA to each supernatant 
fraction, the pH was adjusted to 8.4-8.5 with 
3 N NaOH and the resulting solution 
poured on to a column of alumina ( 1  g), 
prepared according to the method of Anton 
and Sayre (5) .  The effluent was allowed to 
flow at a rate of 3 ml/min and was discarded. 
The column was then washed with 10 ml water 

and the catecholamines were eluted with 10 ml 
0.4 N acetic acid. 

The final eluate was evaporated under va- 
cuum a t  30°, the residue dissolved in a mini- 
mum volume of 0.2 N acetic acid (in 
methanol) and applied to 4 X 50 cm paper 
strips (Whatman No. 1) previously washed 
with 0.4 N acetic acid and sprayed with 
aqueous ascorbic acid solution (50 mg/100 
ml) . Authentic epinephrine and norepineph- 
rine were chromatographed on reference 
chromatograms. The paper strips were de- 
veloped in n-butano1:acetic acid:water (4: 1: 
1 )  for 30 hr, dried under nitrogen, and 
scanned for radioactivity with a Packard ra- 
diochromatogram scanner. Areas of sample 
chromatograms exhibiting chromatographic 
behavior like epinephrine and norepinephrine 
were eluted with 0.4 N acetic acid. 

To each eluate was added 24 mg m-epineph- 
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FIG. 1. Rates of conversion (0/0/15 min) of n~repinephrine-~H to e~inephrine-~H by left and by 
right testis of same dog. A n i d  preparation used is described in Ref. 2 (preparation 11). During 
time 0-90 min left testis was infused with 20 IU HCG/min and 5,117,360 dpm norepinephrine-aH 
while right testis was infused with 5,285,950 dpm norepinephrine-aH/min. The spermatic venous 
plasma was processed as described, and after the fourth recyrstallization (from methanol) 
"C and 3H were determined in each sample. Right testis: 60 dpm epinephrine/g tissue. 
Left testis: 7 2 0  dpm epinephrine/g tissue. 
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FIG. 2. Rates of conversion (%/min) of n~repimphrine-~H to e p i ~ p h r i n e - ~ H  by left and by 
right testis #of same dog. Animal preparation used is described in Ref. 2 (preparation 11). During 
time 0-90 min right testis was infused with 4,439,100 dpm n~repimphrine-~H/min and leflt lksh 
was infused with 4,519,100 dlpm n~repinephrine-~H/min. During time 15-90 m h  right )testis was 
also infused with 20 IU HCG/&. Details for processing plasma samples are given in legend of 
Fig. 1. Right #testis: 240 dpm epinephrindg tissue. Leflt testis: 210 dpm epinephrinelg tissue. 

rine:HCl (K & K Laboratories; equivalent 
to 20 mg free amine), and free epinephrine 
in this mixture was precipitated by addition 
of cold aqueous NH40H solution (58%). The 
precipitate 'was washed twice with cold 
methanol and recrystallized six times from 
boiling methanol. Aliquots from each recrys- 
tallization were weighed on a Cahn microbal- 
ance and counted by liquid scintillation; spe- 
cific radioactivity was constant over the last 
three recrystallizations. RecrystaIlized sam- 
ples were subjected to thin-layer chromato- 
graphy on glass plates coated with buffered 
silica gel (6 ) .  These plates were developed in 
pheno1:acetic acid:water (8: 1:3) (7). Au- 
thentic epinephrine { R F  .65) and norepineph- 
rine (RE. .45) were chromatographed on 
separate lanes and tritium radioactivity in 
sample epinephrine behaved chromatograph- 
ically like authentic epinephrine. 

Results and Discussion. Blood plasma from 

testes infused with n~repinephrine-~H via 
the spermatic artery was processed as de- 
scribed. It is apparent that this plasma con- 
tained e~inephrine-~H since the material be- 
having chromatographically like epinephrine 
could be recrystallized to contant specific ra- 
dioactivity (Table I). One should realize, 
however, that only after the first three re- 
crystallizations did the biosynthesized epineph- 
rine retain constant specific radioactivity. 
No significant amount of e~inephrine-~H 
could be estimated by this technique when 
n~repinephrine-~H was exposed to dog blood 
at 25" for 90 min. 

In  Figs. 1 and 2 are depicted the rates of 
conversion of n~repinephrine-~H to epineph- 
rine-3H after infusion of n~repinephrine-~H 
via the spermatic artery of the anesthetized 
dog. Compared to conversion rates under con- 
trol conditions, HCG infusion via the sper- 
matic artery appeared to increase conversion 
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of n~repinephrine-~H to e~inephrine-~H. This 
stimulation by HCG lasts only for about 30 
min (Figs. 1 and 2 ) .  It is, however, possible 
that the conversion of n~repinephrine-~H to 
e~inephrine-~H is continuing to increase with 
time of HCG administration, but that epineph- 
rine-3H is diluted by endogenous epineph- 
rine biosynthesized from endogenous norep- 
inephrine. Compared to control testes, infu- 
sion of HCG via the spermatic artery also 
resulted in higher concentrations of epineph- 
rine-3H in testicular tissue. 

A lower concentration of epinephrine 
( <0:05 pg/g) than of norepinephrine (0.02- 
0.2 p g j g )  has been reported by Eliasson and 
Risley (1) in testes of various vertebrate 
species. The results obtained by us on per- 
centage of conversion of n~repinephrine-~H 
to e~inephrine-~H (0.2-1 .OF) in canine tes- 
tes are, therefore, of significant nature. Since 
administration of HCG increased concentra- 
tion of epinephrine-3H both in spermatic 
venous blood as well as in testicular tissue, 
HCG may promote synthesis de novo of 
epinephrine from norepinephrine, either via 
increased production of the enzyme phen- 
ethanolamine N-methyl transferase or via in- 
creased production of necessary cofactors for 
this enzymic activity. Coupland (8) and 
Pohercky and Wurtman (9) demonstrated 
that glucocorticoids cause an induction or 

stimulation of this enzyme in extra-adrenal 
chromaffin tissue. Since it is known that 
HCG promotes synthesis and secretion of 
testosterone in the testis ( lo), experiments 
must be conducted on the effect of testos- 
terone, or its intermediates from A6-preg- 
nenolone, on the biotransformation of norep- 
inephrine to epinephrine in the male gonad. 
Currently we do not know if this production 
of epinephrine takes place in the Leydig 
cells, in the germinal epithelium, or in both 
cell types. 
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