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Summary--A technique for rapidly collecting blood of testicular origin is described, one which 
can provide sufficient plasma amounts to investigate some steps of testicular steroid biogenesis 
in vivo in 2 species. In adult male rats, testosterone (T), androstenedione (4A) and 5-andros- 
tenediol (SAD) were determined in pampiniform plexus testicular venous blood (PPTV) and 
peripheral (PV) blood samples before and 2 h after human Chorionic Gonadotropin (hCG), 
PPTV concentration of 5AD was 0.83 _+ 0.1 ng/ml (mean _+ SEM) with a PPTV/PV ratio of 
7.0 _+ 1.0, comparable to a PPTV/PV ratio for 4A of 5.8 _+ 1.8. After hCG, PPTV concen- 
tration of 5AD significantly increased to 1.28 4- 0.15 ng/ml (P < 0.05). Those data are in favor 
of a participation of 5-ene pathway to testicular biogenesis of T associated to a 4-ene pathway 
which is predominant. In adult male Macacafascicularis, spermatic vein (SV) concentrations 
of 5AD and 4A were comparable (3.0 __ 1.2 vs 4.3 + 1.0 ng/ml) as well as SV/PV ratios under 
basal conditions (3.5 __ 0.9 vs 5.1 + 0.1), as well as 48 h after hCG, confirming in vivo that both 
5-ene and 4-ene pathways are involved in testicular T biogenesis. Testicular production of 
estradiol (E2), estrone (El) and their sulfates E2S and E1S showed a SV/PV ratio significantly 
higher than l (3.4 + 0.6; 2.4 _+ 0.1; 1.7 + 0.2 and 1.6 + 0.2, respectively). 

INTRODUCTION 

When the question of the assessment of endo- 
crine function of the testes is addressed, the 
evaluation of the concentrations of the steroids 
in peripheral blood (PV) is thought to reflect 
only partially their production by the gland 
because they can be affected by many factors 
including extragonadal steroids production, 
peripheral metabolism and clearance rate. 
Steroids concentration in testicular venous 
blood (TV) provides a more accurate reflection 
of testicular function and steroid secretion [1]. 
Therefore, it is worthwhile using a TV sampling 
technique, but this must be simple and allow 
the collection of blood volumes sufficient for 
multiple hormonal assays in a short time period. 
Moreover, this technique should preserve the 
integrity of the testis, spermatic cord and vascu- 

*To whom correspondence should be addressed. 
Abbreviations: 5-androstenediol, 5-androstene-3p,17p-diol 

(5-AD); androstenedione, 4-androstene-3,17-dione (4A); 
estradiol- 17~, 1,3,5(10)-estratriene-3,17fl-diol (E2); estra- 
diol-17fl sulfate (E2S); ¢strone, 3-hydroxy-l,3,5(10)- 
estratrien-19-one (El); estron¢ sulfate (EIS); 17-hy- 
droxy-progesterone (17 OHP); testosterone, 17fl-hy- 
droxy-4-androsten-3-one (T). 

lature so that it could be applied to in vivo 
studies in different species. In rats, most of the 
techniques of testicular blood sampling used for 
testosterone (T) evaluation are derived from the 
initial works by Suzuki and Eto [2] and Bardin 
and Peterson [3] where blood is allowed to flow 
from a testicular superficial vein either after 
a small incision or through a small catheter; 
drawbacks of these techniques are either the 
small volume collected in a short period [4] or 
the unphysiological conditions produced by "IN 
sampling lasting up to 4 h for the collection of 
1-5 ml [2, 5]. Otherwise, if blood is collected 
from the proximal part of the spermatic vein 
(SV) [6], T levels are dramatically lower than in 
testicular veins due both to dilution of  TV blood 
and to the transfer from venous to arterial 
blood through counter-current exchange in the 
pampiniform plexus (PP) [1, 7, 8]. In the present 
study, a technique has been developed in rats 
for rapid collection of blood from a vein at the 
start of the PP, in sufficient amounts to allow 
physiological studies on testicular steroido- 
genesis. Firstly, it was applied to the evaluation 
of testicular production of T and its immediate 
precursors on 4-ene and 5-ene pathways, 
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androstenedione (4A) and 5-androstenediol 
(5AD), under basal conditions and after stimu- 
lation with human Chorionic Gonadotropin 
(hCG). It was then adapted to Macaca fascicu- 
laris and used for in vivo assessment of the 
different steps of testicular androgen and estro- 
gen biosynthesis. In particular, it was interesting 
to find out whether 5AD, the immediate pre- 
cursor of T in the 5-ene pathway, was secreted 
by the testis in these 2 different species. 

Syr inge 

S int. 

EXPERIMENTAL 

TV blood collecting device 

A special device has been designed in order to 
allow rapid blood sampling from rat testicular 
veins into a polyethylene catheter using both 
systemic blood pressure and capillarity inside 
the catheter. A 25 gauge needle (5/10mm dia 
and 16mm long) was inserted into a poly- 
ethylene catheter (Biotrol No. 2:0.38 mm i.d., 
1.09 mm o.d.). This 5 cm long catheter was in 
turn forced into a 2.50m long polyethylene 
catheter (Biotrol No. 5:0.86 mm i.d., 1.27 mm 
o.d.). The distal part of the latter was inserted 
through a needle into a 5 ml syringe so that a 
smooth depression could be produced in the 
system if necessary (Fig. 1). The internal volume 
of this device was 1.45 ml. 

This device was then adapted for TV blood 
sampling in Maeaeafascicularis: the vein diam- 
eter allowed the use of a 23 gauge needle 
inserted into a 1.02mm i.d., 3 m long tygon 
catheter (Bioblock Ref. B71164) yielding an 
internal volume of 2.45 ml. 

Animals 

Rats. Male Wistar rats, 6 months old, weigh- 
ing 440-660 g, were housed under controlled 
conditions of temperature (22 + I°C) and light 
(12-24h); they received standard pelleted diet 
food and water ad libitum. 

Monkeys. Adult male Macaca fascicularis, 
5-11-years-old, weighing 6-11.5 kg, were 
housed in individual cages under controlled 
conditions of temperature (26 + 2°C) and natu- 
ral photoperiod; they were fed with monkey 
chow supplemented with fruit and vegetable; 
water was available ad libitum [9]. 

Experimental protocols 

Rats. Animals were divided into 3 groups: 
group I, control group (n = 11); group II, rats 
were given an i.m. injection of 80 IU/kg hCG 

~ 1,27 ext., ~(] 

C a t h e t  

0,38 int. 

N e e d l e  
~0,52 ext., 

Fig. 1. Scheme of the sampling device (diameters and lengths 
in ram). 

(Endo) 1 h before blood samplings (n =9)  
according to the protocol used by Huhtaniemi 
et al. [10] and group III, rats were given an i.m. 
injection of 80 IU/kg hCG 2 h before blood 
samplings (n = 7). 

PV and TV blood samples were drawn 
between 11 a.m. and 1 p.m. at the lowest point 
of T circadian rhythm [11] under ether anaes- 
thesia and after an i.v. injection of 250 IU 
heparin. 

Anaesthetized rats were placed on their 
backs, and testes were exposed after low midline 
laparotomy. The fat pad surrounding the PP 
was carefully dissected. TV blood was drawn 
with the previously described device from a vein 
at the start of PP (PPTV)[1]. This technique 
allowed the withdrawal of a blood volume of 
1.2-1.4 ml in approx. 5 min. Immediately after 
PPTV blood sampling, PV blood was collected 
from the abdominal aorta. 

Blood was centrifuged at 3000 rpm for 10 min 
and plasma samples were frozen at -20°C until 
assays. No haemolysis was observed in any 
sample. 

Monkeys. Animals were divided into 2 
groups: group I, Control group (n = 6); and 
group II. Animals were given an i.m. injection 
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of 80 IU/kg hCG 48 h before blood samplings 
(n = 6). This time was chosen because the maxi- 
mal response occurred at 48 h for most of the 
steroids in a preliminary study on the kinetics 
of the testicular responses to a single injection 
of hCG in 5 animals[12]. Anaesthesia was 
induced by ketamine (10 mg/kg i.m.) and pro- 
longed with an i.v. infusion of 0.075 g per h of 
thiopental. The total duration of anaesthesia 
was 1-2 h. 

PV and SV blood samplings were performed 
in May in all the animals between 9 a.m. and 
1 p.m. when the T levels were the lowest 
and the most steady according to circadian and 
circannual rhythms [9, 13]. Anaesthetized mon- 
keys were placed on their backs; midline laparo- 
tomy was performed under sterile conditions 
and 1 of the SV was punctured in its retro- 
peritoneal part just above the inguinal ring 
using the previously heparinized device. Thus, 
2.2-2.4ml of SV blood was collected within 
4-5 min. PV blood was simultaneously collected 
from a saphenous vein; the abdominal wall 
was then reconstructed in 2 plans. Thereafter, 
monkeys received a daily i.m. injection of 
250 mg/kg ampillicine for 5 days. 

Hormone assays 

All steroids were determined by RIA after 
column chromatography on either celite for T, 
4A and 5AD [14, 15], or Sephadex LH20 for 
estrone (El), estradiol (E2) [16] and 17-hydroxy- 
progesterone (17 OHP) [17]. Estrogen sulfates, 
E1S and E2S, were solvolyzed after the pre- 
liminary extraction of unconjugated steroids 
[18]. All the methods were validated for assay 
in rat and Macaea faseicularis plasma, accord- 
ing to the statistical procedures described by 
Scholler [19]. 

Statistical analysis 

Normality of distributions was assessed 
using both Lilliefors (Kolmogorov-Smirnov 
modified) and Shapiro-Wilk tests. Whenever 
normality could be assumed, comparisons of 
unpaired or paired samples were made with 
I-tailed Student's t-test; Mann-Whitney or 
Wilcoxon non-parametric tests were otherwise 
addressed [20, 21]. 

For 3 samples comparisons (rats) weighted 
l-way analysis of variance (weighted ANOVA) 
was performed using RS1 procedures (BBN 
Software Products Cor., Cambridge, MA) 
as implemented on a DEC M3500 Microvax. 
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Then, when underlying assumptions were ten- 
able, the Duncan new multiple range test and 
Newman-Keuls test were performed. 

RESULTS 

Rats 

Mean concentrations of T, 4A and 5AD in 
PPTV and PV under basal conditions and after 
hCG administration are given in Fig. 2. 

Under basal conditions, mean concentrations 
of T, 4A and SAD were significantly higher in 
PPTV than PV blood; the PPTV/PV ratio was 
164.4 + 60.7 (mean _+ gEM) for T, 5.8 _+ 1.8 
for 4A and 7.0 _+ 1.0 for 5AD, indicating a 
testicular production of the 3 steroids. After 
hCG administration, mean PPTV blood 
concentrations of T, 4A and 5AD were also 
significantly higher than PV ones, 1 h after 
hCG (group II) and 2 h after hCG (group III); 
the PPTV/PV ratio was 92.6+26.5 for T, 
16.5_+4.3 for 4A and 9.6_+ 1.3 for 5AD in 
group II and 54.8 _+ 7.6 for T, 12.0 _+ 2.2 for 
4A and 14.6 _+ 2.7 for 5AD in group III. The 
response of the steroids to hCG stimulation was 
tested with weighted ANOVA and results are 
shown in Table 1. The most significant increase 
for T and 4A in PV and PPTV blood was 
observed 2 h after hCG. The increase of SAD 
after stimulation was not significant in PV 
but was significant in PPTV blood 2 h after 
hCG. 

Monkeys 

Mean concentrations of T, 4A, 5AD and 
17 OHP in PV and SV blood before and 48 h 
after hCG are represented in Fig. 3, those of 
estrogens and estrogen sulfates under the same 
conditions in Fig. 4. 

Before hCG, the mean concentrations in SV 
were significantly higher than in PV blood for 
all the steroids but El. Mean SV/PV ratios are 
represented in Table 2. The highest SV/PV 
ratios were observed for 17 OHP and T. 

Forty-eight hours after hCG, the mean con- 
centrations in SV were significantly higher than 
in PV blood for all the steroids. As under basal 
conditions, the highest mean SV/PV ratios were 
observed for T and 17 OHP. A significant in- 
crease 48 h after hCG stimulation was observed 
in the SV as well as in PV blood for all the 
steroids except 5AD (Table 3). 

In 5 out of the 6 monkeys investigated after 
hCG administration, blood could be drawn 
from right and left testicular veins at 20 rain 
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Fig. 2. Concentrations (logarithmic scale) o fT ,  4A and 5AD in PV ( I )  and PPTV ([:]) blood in rats before 
(a), 1 h (b) and 2 h  (c) after 8 0 I U  hCG/kg i.m. * * P  <0.01,  * * P  < 0.001. 

intervals (Table 4). These data show that, under 
hCG stimulation, the production by the testes of 
T and its immediate precursors 4A and 5AD is 
steady over a short period of time. 

DISCUSSION 

The measurement of T and other steroids 
in TV blood is considered to be a better way of 
assessing testicular function as peripheral levels 
can be affected by various parameters including 
peripheral metabolism, clearance rate or modifi- 
cations of peripheral blood flow [22] as well 
as extragonadal steroid production mainly by 
adrenals. 

In rats, different techniques of TV blood 
sampling have been described. Most of them 
consist of a blood collection from a testicular 
superficial vein near the head of the epididymis, 
either through a small catheter[2, 5, 23] or 
directly into a large tube after incision of the 
vein wall [3, 4, 24, 25]. The limitation of this 
technique is the volume of blood collected: it 

is very small, from 25~100 #1 [4, 24, 25] except 
if the collection period is sufficiently long, up 
to 4 h, to collect 5 ml (2); this causes unphysio- 
logical conditions due to prolonged anaesthesia 
including modifications of the testis vasculature 
and temperature. Another procedure is the 
cannulation of a spermatic vein near the point 
of entry into the caval vein [6]; but it has been 
demonstrated that a dramatic reduction of 
T concentration occurs from the superficial 
testicular veins to the spermatic veins at the 
proximal part of the spermatic cord due both 
to the dilution of the TV blood cord and to 
the transfer of T from venous to arterial blood 
in the PP through counter-current exchange 
[1,7,8]. In the present study, TV blood 
sampling was performed at the distal (testicular) 
end of the PP; in this region T concentration is 
not different from the one observed in the 
testicular superficial vein[l]. Our collecting 
device allows, under the effect of capillarity 
in the long catheter, a rapid sampling of a 
volume of approx. 1.5 ml, which is sufficient 

Table 1. Weighted ANOVA for concentrations of T, 4A and 5AD in PV and PPTV blood in control 
rats, 1 h and 2 h after 80 IU hCG i.rn. 

T 4A 5AD 

Comparisons PV PPTV PV PPTV PV PPTV 

I h vs control P < 0.001 P < 0.01 P < 0.05 P < 0.01 NS' NS 
2 h vs control P < 0.001 P < 0.001 P < 0.001 P < 0.001 NS P < 0.05 
2 vs l h P < 0.001 NS P < 0.001 P < 0.01 NS P < 0.05 

'NS = no significant difference. 
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***P < 0.001. 

for  biogenetic and metabol ic  studies. The  
short  dura t ion  o f  sampling is an impor tan t  
factor  for  physiological  studies because anaes- 
thesia using ether, ketamine,  pentobarb i ta l  or  
ha logenated  anaesthetics is responsible for  a 

decrease in T product ion  by the testes which is 
t ime dependent  [26]. 

T concentra t ion observed in PPTV blood 
under  basal  condit ions is concordan t  with 
mos t  o f  the previous studies [1, 4, 6, 23, 24, 26] 
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Fig. 4. Concentrations of El, E2 and their sulfates (EIS and E2S) in PV ( I )  and SV ([--1) blood in Macaca 
fascicularis before (a) and 48h after (b) 80IU hCG/kg i.m. *P <0.05, **P < 0.01, ***P < 0.001. 
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Table 2. SV/PV blood concentration ratio 
for T, 4A, 5AD, 17 OHP, El, E2, E1S and 
E2S in Macaca fascicularis before and 48 h 

after 80 IU hCG i.m. 

SV/PV SV/PV 
before hCG after hCG 

T 11.4 ± 3.0 21.6 ± 3.5 
4A 5.1 ±0.1 3.1 ±0.3 
5AD 3.5 + 0.9 5.3 ___ 1.5 
17OHP 20.8±11.3 15.5±1.0 
El 1.I +0.4 2.4±0.1 
E2 6.5 ± 0.9 3.4 ± 0.6 
EIS 1.5±0.1 1.6±0.2 
E2S 1.3 + 0.1 1.7 ± 0.2 

Results are expressed as mean + SEM. 

including those where blood was taken from 
testicular superficial veins. This confirms that, at 
the point where the vein is punctured, there is no 
effect of dilution or counter-current exchange. 
PPTV blood concentration of 4A as well as PV 
one has not been previously determined with 
success because of the poor sensitivity of assays 
and high blanks [2, 3, 5]. The present data show 
4A concentrations in PPTV blood approx. 10 
times higher than in PV blood. 5AD has been 
previously measured in peripheral blood [27, 28] 
and our data are in agreement with the results 
of these authors. For the first time, the present 
study presents evidence of higher concentrations 
of 5AD in TV blood, and with a PPTV/PV ratio 
similar to that of 4A. This finding is all the 
more interesting because 5AD has been found 
in testicular tissue [27, 28], whereas Chubb and 
Ewing [30] were unable to detect it in perfusion 
medium of rat testis. 

The early testicular response to hCG was 
studied 1 and 2 h after i.m. administration of 
80 IU/kg hCG. Concerning peripheral T after 
hCG, our results confirm the data of Tremblay 
and Belanger [28] on a maximal response at 2 h 
whereas for Huhtaniemi et al. [10] higher levels 
were observed at 1 h. Moreover, the response 
was more homogeneous in group III, at 2 h, 
than in group I at 1 h in peripheral as well as 
testicular veins. Similarly, a peripheral 4A peak 
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Table 4. Comparison of concentrations (ng/ml) of T, 4A and 5AD 
in fight (RSV) and left (LSV) spermatic venous blood at a 20 min 

interval, 48 h after 80 IU hCG/kg i.m. in Macaca fascicularis 

RSV 48 h LSV 48 h + 20 min 

Animals T 4A 5AD T 4A 5AD 

1 559.8 18.5 5.9 598.1 10.6 7.6 
2 1581.1 29.2 15 .5  1503.4 36.1 16.8 
3 723.5 20.1 4.2 584.2 19.2 3.2 
4 823.9 18.7 1,8 919.2 21.6 5.7 
5 1236.1 33.4 13.5 892.3 25.7 12.1 

was observed at 2 h as previously described by 
Tremblay and Belanger [28] and at this time, 
PPTV/PV ratio was higher than in basal con- 
ditions. Concerning peripheral 5AD, we did 
not observe any significant rise after hCG, 
whereas Tremblay and Belanger[28] found 
a small increase. But interestingly, in PPTV 
blood, 5AD levels were significantly higher 2 h 
after hCG. 

Those data show a testicular production of 
5AD which is in favor of an involvement of the 
5-ene pathway in the testicular biogenesis of 
T, associated to the 4-ene pathway which is 
predominant in rats[31]. The minor concen- 
tration of 5AD among the steroids in testicular 
veins and the weak rise after hCG could be 
explained less by the rapid conversion of 5AD 
into T [32] than by the switch from the 5-ene 
to 4-ene pathway which mainly occurs at the 
17-hydroxypregnenolone level [33]. 

In monkeys, only a few studies have been 
dedicated to the evaluation of T in TV or SV 
blood [34, 35, 36]; no one, to our knowledge, 
addressed Macaca fascicularis, and in only one 
has another steroid, E2, also been assayed [36]. 
Blood of testicular origin has been previously 
collected in Macaca mulatta either from a testic- 
ular superficial vein [35] or from a branch of 
the SV [36]. In the present protocol, SV blood 
was drawn from a retroperitoneai SV; the 
diminution of T concentration from testicular 
superficial vein to retroperitoneal SV seems, in 
monkeys, of minor importance [37]. So, at the 

Table 3. Concentrations (ng/ml) of T, 4A, 5AD, 17 OHP and concentrations 
(pg/ml) of El, E2, E1S and E2S in PV and SV blood in control Macaca 

fascicularis and 48 h after 80 IU hCG i.m. 

PV SV 

Control 48 h Control 48 h 

T 14.9 + 3.3 45.4 + 6.3 a 177.9 + 56.6 954.4 __. 161.4 a 
4A 0.8 + 0.1 8.2 ± 1.5" 4.3 + 1.0 23.4 + 2.6 b 
5AD 0.9 + 0.2 1.7 + 0.3' 3.0 ±. 1.2 7.5 +_ 2.3 
17OHP 1.4+0.4 5.7+0.8 a 23.7+11.6 88.6_+16.2 ~ 
El 47 + 6 68 + 10 c 45 + 9 160___ 2P 
E2 1 9 + 2  70__. l0 b 116+ II 224 _27 a 
E1S 143+17 596+95 '  205:t:22 890+128 a 
E2S 33 + 2 72 __. 19 a 42 + 5 116 + 27 a 

Results are expressed as mean + SEM. 
Significant increase after 48 h. 
ap < 0.01; bp < 0.001; cp < 0.05. 
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point where SV blood was drawn, steroids 
concentration can be considered as reflecting the 
testicular endocrine function. 

In the present study, peripheral T and 
4A levels, under basal conditions, were in 
agreement with the previous data of Dang 
and Meusy-Dessolle[9], Steiner et a/.[13] 
and Meusy-Dessolle and Dang[38] in non- 
anaesthetized Macaca fascicularis. Peripheral 
E2 levels were lower than those reported by 
Meusy-Dessolle and Dang [38]; there is no clear 
technical explanation for this discrepancy but it 
should be noted that our data are closer to those 
found in Macaca mulatta [36, 39, 40] and in 
men [10, 18]. Peripheral concentrations of the 
other steroids have not been previously evalu- 
ated in Macaca fascicularis: 17 OHP and 4A 
levels were comparable to those observed in 
Macaca mulatta [39, 40] and our data showed 
equal peripheral concentrations for 4A and 
5AD. Concerning estrogens, E1 levels were 
higher than those of E2 as it has been reported 
in Macaca mulatta [39,40] and E1S was the 
major circulating estrogen. In SV blood, T was 
more than 10 times higher than in PV, as 
reported in Macaca mulatta by Einer-Jensen 
and Waites [35] whereas Resko et al. [36] found 
T concentrations only 3 times higher in blood 
drawn from a distal SV than in PV. The second 
major component in SV blood was 17 OHP for 
which the SV/PV ratio was the highest observed 
under basal conditions. The concentrations of 
the immediate precursors of T in the 4-ene 
pathway, 4A, and in the 5-erie pathway, 5AD, 
were similar in SV, as it was observed in PV 
blood; their SV/PV ratios showed testicular 
production of both of them. Concerning estro- 
gens, levels were higher in SV than in PV blood 
for all but El. The SV blood concentration of 
E2 was identical to the one observed in Macaca 
mulatta [36]. 

After hCG stimulation, peripheral T response 
is biphasic with a first rise between 2 and 4 h 
and a major increase 48 h after i.m. injection 
in Macaca fascicularis[12] and in Macaca 
mulatta [41]. 48 h after hCG, all the steroids 
were significantly increased in PV blood except 
5AD which showed no significant variation at 
any time of the stimulation [12]. The increase 
of 17OHP is concordant with the data of 
Davies et al. [42] in Macaca mulatta. The stimu- 
lation of testicular production of 4A and E2 
has been previously reported only after chronic 
hCG administration in Macaca mulatta [43]. 
In SV blood, all the steroids were increased 

48 h after hCG, but the rise did not reach a 
significant level for 5AD. As under basal con- 
ditions, the highest SV/PV ratios were observed 
for T and 17 OHP and the SV/PV ratios for 
4A and 5AD were comparable. The SV blood 
concentration of all the estrogens, including E 1, 
was significantly higher than in PV blood after 
hCG. 

The data collected in the present study show 
firstly testicular production in vivo of 5AD in 
Macaca fascicularis. This is in agreement with 
the in vitro results of Preslock and Steinberger 
[44] and Higashi et aL [45] in Macaca mulatta 
suggesting that T is formed through both the 
4-ene and 5-ene pathways; moreover, the latter 
group found 5AD tissue concentrations greater 
than those of 4A and demonstrated the for- 
mation of 5AD from its precursors of the 5-ene 
pathway. Secondly, 17 OHP appears as the sec- 
ond major steroid released by the testis, a likely 
effect of the low activity of C17-20 lyase for 
17OHP[45]. Finally, testicular production of 
estrogens as well as estrogen sulfates is also 
demonstrated in Macaca fascicularis as it has 
also been shown in man [18]. 

In summary, assessment of steroids in TV 
blood appears as an adapted way to evaluate, 
in vivo, testicular endocrine function. This 
requires a blood sampling procedure which is 
rapid and simple and yields a sufficient blood 
volume for metabolic studies. The technique 
described first allowed us to demonstrate 5AD 
testicular production in rats in vivo. In Macaca 
fascicularis, it allowed us to describe in vivo the 
participation of the 4-ene and 5-ene pathways 
in T biogenesis, as proved by in vitro studies 
in Macaca mulatta, and to demonstrate testicu- 
lar production of El and E2 as well as their 
sulfates. 
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