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Smmnary. Twenty-six male volunteers received a 
single oral dose of testosterone as free crystals or as 
the undecanoate ester. The latter was given either in 
crystalline form or in arachis oil. All preparations 
were tested three times in the same individual, whilst 
fasting on 2 days and on one day together with a 
breakfast rich in fat. Serum testosterone concentra- 
tion was measured at intervals for up to 6-24 h after 
the dose. A significant and reproducible rise in serum 
testosterone level was found after ingestion of free 
testosterone. Testosterone esterified with undecy- 
lenic acid was only effective when administered in 
arachis oil. The meal increased the bioavailability of 
the ester, but had hardly- any effect on that of the free 
hormone. It is concluded that bioavailability of oral 
testosterone can be improved by pharmaceutical 
means to an extent sufficient to produce adequate 
blood levels in substitution therapy. 
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Alternatives to parenteral administration of testos- 
terone are suppositories [1, 2] and oral testosterone, 
either in free form [3], or as the undecanoate ester 
[4]. Oral administration has received increasing 
interest during the last few years. The purpose of the 
present investigation was to evaluate the extent to 
which bioavailability of oral testosterone was influ- 
enced by esterification with undecylenic acid, 
administration of the ester in crystalline form or dis- 
solved in arachis oil, and by simultaneous ingestion of 
a fat rich meal. 

Material and Methods 

26 male inpatients volunteered for the investigation. 
Except for 3 with hypogonadism (Experiment 4), 
they were all convalescing from diseases not affecting 
the endocrine, renal or gastrointestinal systems, 
mainly myocardial infarction. 

Experiment 1. 6 men, mean age 62 years and mean 
serum testosterone concentration 20.2 nmol/1, were 
given a single dose of crystalline testosterone 100 mg 
in micronized form: 80% of the particles measured 
2-5 microns in diameter. Blood for analysis of testos- 
terone concentration was collected 0, 0.5, 1, 2, 4 and 
6 h after ingestion of the tablet. The experiment was 
performed 3 times in each individual. On two of the 
days the patient was fasting, and on one day the tab- 
let was taken with a breakfast of 474 kcal (=  
1986 kJ), of which 59% was fat. 

Experiment 2. 6 men, mean age 65 years and mean 
serum testosterone concentration 12.1 nmol/1, were 
given a single dose of crystalline testosterone unde- 
canoate 100 mg (equivalent to 63 mg of testosterone) 
as a tablet. Blood for analysis of testosterone con- 
centration was taken 0, 0.5, 1, 2, 4, 6, 12 and 24 h 
after ingestion of the tablet. The experiment was per- 
formed 3 times according to the protocol described 
above. 

Experiment 3. 8 men, mean age 65 years and mean 
serum testosterone concentration 11.3 nmol/1, were 
given a single dose of testosterone undecanoate 
100rag ( -  63mg testosterone). The testosterone 
ester was administered in arachis oil, 5 ml containing 
100rag of the ester. Blood for analysis of testos- 
terone concentration was collected as in Experiment 
2, and for analysis of serum LH and FSH after 0, 6, 
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Fig, 1. Mean increment in serum testosterone concentration (A 
Te) after oral administration of micronized free testosterone 
100 mg to 6 males. The testosterone was given one day with a fat- 
rich breakfast, and on the two other days with the patient fasting. 
Vertical line indicate 1 SEM in all figures 
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Fig. 2. Mean increment in serum testosterone concentration ( ~  
Te) after oral administration of testosterone undecanoate 100 mg 
( =  63 mg Te) as tablets to 6 males, Breakfast and fasting as in 
Figure 1 

12 and 24 h. The experiment was performed 3 times 
according to the protocol described above. 

Experiment 4. 6 males, mean age 49 years of whom 3 
suffered from h)]:~ogonadism, were given testo- 
sterone undecanoate 100 mg (=  63 mg testosterone) 
on two separate days, on both occasions fasting. On 
the first day the dose was given as tablets of the crys- 
talline form, and on the second day it was dissolved in 
arachis oil 5 ml as in Expt. 3. Blood for analysis of 
testosterone concentration was drawn after 0, 1, 2, 4 
and 6 h. 

A minimum of 48 h separated all experimental 
days. Some of the patients also received anticoagu- 
lant therapy and in them the drug regimen was kept 
unchanged during the period of the investigation. 

Testosterone [5] and LH and FSH [6] in serum 
were determined by radio-immuno-assay. The tes- 
tosterone method included paper chromatography 
before the assay. 

Results 

Experiment t. The mean increase in serum testos- 
terone concentration above basal level after oral 
ingestion of crystalline micronized testosterone 
100 mg is shown in Figure 1. On all days the peak 

concentration was reached after 1-2 h, with return 
almost to basal level after 6 h. 

The areas under the curves in Figure 1 calculated 
by the trapezoidal rule, are compared in Figure 4A. 
The difference in total testosterone concentration on 
the two fasting days was very small, the area on Day 
2 being 102% of that on Day 1. A fat-rich breakfast 
increased this area to 142%, but the difference from 
Day 1 was not statistically significant (Student's t-test 
for paired comparison). Thus it appears that the prep- 
aration tested could increase serum testosterone con- 
centration, but the increase after the dose of 100 mg 
was rather small and of short duration. Results were 
reproducible in the fasting state, and a meal did not 
definitely enhance bioavailability. 

Experiment 2. Fasting ingestion of testosterone 
63 mg as the crystalline undecanoate ester had no 
apparent effect on serum testosterone concentration 
(Figs. 2, 4B), but an effect was observed when the 
same dose was given with the standard meal (p 
<0.01). 

Experiment 3. The mean increase in serum testo- 
sterone in 8 males on 3 separate days after oral inges- 
tion of testosterone undecanoate 100 mg in arachis 
oil (=  63 mg testosterone) is shown in Figure 3. The 
curves are similar to those in Figure 1, but the peak 
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Fig. 3. Mean increment in serum testosterone concentration (z5 
Te) after oral administration of testosterone undecanoate 100 mg 
(=  63 mg Te) dissolved in arachis oil to 8 males. Breakfast and 
fasting as in Figure 1 
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Fig. 4. Mean increment in bioavailable testosterone expressed as 
the area (A nmol/1 X h) under the curve for the increment in 
serum testosterone concentration from time 0 to 6 hours. The form 
of testosterone administered is A) free micronized 100 mg, B) 
undecanoate 100 mg as tablets, (=  63 mg Te), C) undecanoate 
100 mg (=  63 mg Te) dissolved in arachis oil. Bars indicate means. 
F F 1. day of testosterone administration to fasted patient 
F2: 2. day of testosterone administration to fasted patient 
M: Testosterone administration with a standard breakfast 

concentration was later. The serum testosterone con- 
centration 12 and 24 h after ingestion of the test dose 
was not significantly different from the value at 0 h. 

In contradistinction to the result of Experiment 1, 
the meat increased the area under the 0-6-h curve to 
247% (Fig. 4C), which is a significant rise (p <0.02). 
The areas on the two fasting days were not signifi- 
cantly different (100% vs. 114%). 

Testosterone undecanoate in oil in this experi- 
ment gave a larger increment in serum concentration 
than crystalline testosterone, when expressed as area 
under the curve (nmol/1 x h) per mg testosterone 
administered in the fasting state (0.68 vs. 0.35, p 
<0.01). Bioavailability of the hormone at this dose 
level appears therefore to be improved by esterifica- 
tion, when the preparation was administered in 
arachis oil, and given to a fasting subject. 

L H  and FSH. Serum FSH concentration showed 
fluctuations without a definite trend, and serum LH 
had a tendency to decline after 6 h. The mean values 
after 0, 6, 12 and 24 h and the significance of the 
difference from 0 h are shown in Table 1. 

Experiment 4. To exclude the possibility that the 
increased bioavailability observed when testosterone 
undecanoate was administered in arachis oil was due 
to some difference between the two groups of indi- 
viduals tested, six other patients were given both prep- 
arations on two different days. The individual results 
(Fig. 5) confirm the poor bioavailability of the crys- 
talline form, and the improvement obtained by its 
administration in arachis oil. A greater increase in 
serum testosterone appears to have been produced in 
the three hypogonadal males, but their number was 
too small for any definite conclusion to be drawn. 

Discussion 

From these results it can be concluded that there is a 
significant and reproducible rise in serum testo- 
sterone concentration after oral administration of 
free crystalline testosterone in micronized form; this 
effect is barely improved by a high fat meal. 

When testosterone was administered as the unde- 
canoate ester, the serum testosterone concentration 
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Table 1. Serum concentration of LH and FSH after oral ingestion of testosterone undecanoate 100 mg in arachis oil on three different days. 
Mean _4- SEM for 8 individuals, p: significance of difference from 0 h 
N. S.: not significant 

Plasma LH, ~g/1 Plasma FSH, ~g/1 

Hour afterdose 0 6 12 24 0 6 I2 24 

Mean 0.91 0.55 0.68 0.71 1.22 1.27 2.10 1.32 
Fasted SEM 0.21 0.08 0.13 0A5 0.45 0.37 0.94 0.45 

p NS NS <0.05 NS NS NS 

Mean 0.86 0.65 0.67 0.75 1.37 1.41 1.38 1.28 
Fasted SEM 0.14 0.13 0.15 0.18 0.49 0.51 0.52 0.49 

p <0.02 <0.01 <0.05 NS NS NS 

Mean 0.84 0.68 0.64 0.85 1.31 1.48 3.30 1.34 
Fed SEM 0.20 0.17 0.17 0.23 0.43 0.41 0.83 0.44 

p <0.02 0.05 NS NS NS NS 
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Fig. 5. Increase in bioavailable testosterone when testosterone 
undecanoate 100 mg (= 63 mg Te) was administered to the same 
fasting patient as a tablet and as a solution in arachis oil on differ- 
ent days. Values from the same patient are connected. Solid lines: 
Normal males. Dotted lines: Hypogonadal males. A: Area under 
the curve for the increase in serum testosterone from time 0 to 6 h 
(nmol/l × h) 

was considerably increased when the compound  was 
given in axachis oil, and this effect was further  
enhanced if the prepara t ion  were  taken with a high 
fat  meal.  

The  major i ty  of the data  were derived f rom 
experiments  in males with normal  gonadal function, 
whereas  most  prospective users of the drug will suffer 
f rom hypogonadism. Object ions might be  raised to 
the validity of sequential serum testosterone determi-  
nations, because in eugonadal  males several factors 

are present  that  would tend to reduce the rise in 
serum level after  oral t reatment.  First, serum testo- 
s terone concentrat ion normally has a slight down- 
ward trend throughout  the day [7, 8]. This tendency 
to fall might be  accentuated by suppression of LH,  as 
was indicated by our findings, which suggested a 
reduction in endogenous testosterone. In addition, 
testosterone-metabolizing liver enzymes are more  
active in normal  males  thml in females and 
hypogonadal  males [9]. If  the possible combined 
effect of these factors is taken into consideration, the 
testosterone increments  shown here  may  be  regarded 
as min imum values. 

The  poor  bioavailability of testosterone unde-  
canoate  in tablet  form was somewhat  unexpected,  in 
view of the favourable results published by Nieschlag 
et al. [10]. The  cause of the discrepancy is not readily 
apparent ,  al though pharmaceutical  factors, such as 
particle size and vehicle, may  be  of importance.  

The  present  results, however,  are in complete  
a g r e e m e m  with the finding by Nieschlag et al. of  
increased bioavailability of testosterone undecanoate  
in arachis oil [10]. The  preliminary positive results of 
Hirschh~user et al. [11], and of Sarris et al. [12], are 
also suppor ted  by our  findings. Recently,  Franchi et 
al. [13] have documented  the practical value of this 
prepara t ion in substitution therapy. 

When given by mouth  free testosterone is subject 
to metabol i sm both  in the intestinal walt and in the 
liver. Esterification with undecylenic acid renders the 
molecule  lipophilic. I t  is then to some extent pro-  
tected f rom metabol ism by  the intestinal wall, and 
absorption directly into lymph is facilitated, whereby 
first-pass metabol ism in the liver is reduced, as has 
been  demonst ra ted  bo th  in animal experiments  [4] 
and in humans [14]. In  accordance with this view, the 
profound effect on bioavailability of arachis oil in 
experiments  may be  explained by format ion of chy- 
lomicrons, which would facilitate passage into lymph. 
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The addition of a meal rich in fat probably exerts its 
effect through the same mechanism, although pro- 
longation of gastric emptying in itself may have been 
of some importance in achievment of higher serum 
levels. The slight effect of the meal on serum levels 
after ingestion of free testosterone does suggest that 
the influence of the latter mechanism should not be 
overestimated. Irrespective of the mechanism 
involved, the fact that bioavailability of testosterone 
can be improved by esterification and administration 
with fat offers a prospect for development of even 
better combinations of esters and pharmaceutical 
formulations. This is desirable since the dose 
required for satisfactory replacement therapy with 
testosterone undecanoate is still high - 120-240 mg 
[15, 16, 171. 

According to Johnsen et at. [3], free testosterone 
in micronized form also gives a satisfactory serum 
level, and in fact Fogh et al. [18] demonstrated that 
even larger crystals may sometimes be effective. The 
present results with micronized free testosterone sup- 
port these findings, but large doses were necessary. 
This may be considered objectionable for at least two 
reasons. First, liver function may be adversely 
affected by a large load of steroid during its first pas- 
sage through the liver, although clinical experience so 
far seems to refute this possibility [19]. "We have 
treated 5 hypogonadal men orally with free testos- 
terone 400 mg per day for I to 3 years, the total dose 
consumed amounting to an average of 305g 
(144-432 g) per patient. All biochemical liver func- 
tion tests, including bromsulfalein retention, were 
normal, and so were liver scintigrams and liver biop- 
sies. However, with the life-long nature of the 
therapy in mind, the period of observation stitt is 
quite short. Continuous ingestion of testosterone 
may also lead to enzyme induction in the liver, result- 
ing in increased metabolic breakdown of the hor- 
mone itself [20, 9]. This effect might be reduced if the 
"first-pass" load on the liver could be lowered by a 
suitable mode of administration. 

In conclusion, bioavailability of oral testosterone 
may be so improved by several means that this mode 
of administration may become useful in practice, but 
the large doses still required warrant caution con- 
cerning possible long-term side effects. When 
tipophilic testosterone esters are used, they should be 
administered in oily solution and with meals. 

3. Johnsen, S G., Bennet, E. P., Gauno Jensen, V.: Therapeutic 
effectiveness of oral testosterone. Lancet 1974/11, 1473-1475 

4. Coert, A., Geelen, J., de Visser, J., van der Vies, J.: The phar- 
macology and metabolism of testosterone undecanoate (IX.I), 
a new orally active androgen. Acta Endocrinol. (Kbh) 79, 
789-800 (1975) 

5. Naess, O., Haug, E., Attramadal, A., Aakvaag, A., Hansson, 
V., French, F.: Androgen receptors in the anterior pitaitary 
and central nervous system of the androgen "insensitive" 
(Tfl'n) rat: Correlation between receptor binding and effects of 
androgens on gonadotropin secretion. Endocrinology 99, 
1295-1303 (1976) 

6. Sand, T., Torjesen, P. A.: Dextran-coated charcoal used in the 
radioimmunoassay of human pituitary luteinking hormone. 
Acta Endocrinol. (Kbh) 73, 444-454 (1973) 

7. Southren, A.L., Tochimoto, S., Carmody, N. C., Isurugi, K.: 
Plasma production rates of testosterone in normal adult men 
and women and in patients with the syndrome of feminking 
testes. J. Clin. Endocrinol. 25, 1441-1450 (1965) 

8. Resko, J.A., Eik-Nes, K.B.: Diurnal testosterone levels in 
peripheral plasma of htunan male subjects. J. Clin. Endocrinol. 
26, 573-576 (1966) 

9. Nieschlag, E., C/ippers, H. J., Wickings, E. J.: Influence of sex, 
testicular development and liver function on the bioavailability 
of oral testosterone. Eur. J. Gin. Invest. 3', 145-I47 (1977) 

10. Nieschtag, E., Mauss, J., Coert, A., Kicovic, P.: Plasma andro- 
gen levels in men after oral administration of testosterone or 
testosterone undeeanoate. Acta Endocrinol. (Kbh) 79, 
366-374 (1975) 

11. Hirschhgnser, C., Hopkinson, C. R. N., Sturm, G., Coert, A.: 
Testosterone undecanoate: A new orally active androgen. 
Acta Endocrinol. (Kbh) 80, 179-187 (1975) 

1.2. Sarris, S., S~¢er, G.I.M., Lawrence, D.M.: Hypogonadal 
men treated with oral testosterone undecanoate. Acta Eur. 
Fertil. 8, 297-299 (1977) 

13. Franchi, F., Luisi, M., Kicovic, P. M.: Long-term study of oral 
testosterone undecanoate in hypogonadal males. Int. J. 
Androl. 1, 270-278 (1978) 

14. Horst, H. J., H61tje, W. J., Dennis, M., Coert, A., Geelen, J., 
Voigt, K. D.: Lymphatic absorption and metabolism of orally 
administered testosterone undecanoate in man. Klin. 
Wochenschr. 54, 875-879 (1976) 

15. Franchimont, P., Kicovic, P.M., Mattel, A., Roulier, R.: 
Effects of oral testosterone undecanoate in hypogonadal mate 
patients. Acta EndocrinoI. (Kbh)85, Suppl. 212, 118 (1977) 

16. Mies, R., Krempl, S.: Effects of oral testosterone undecanoate 
on plasma testosterone and clinical symptomatology in 
hypogonadal male patients. Acta Endocrinol. (Kbh) 85, Suppl. 
212, 119 (1977) 

17. Daggrett, P. R., Wheeler, M. J., Nabarro, J. D. N.: Oral testos- 
terone, a reappraisal. Hormone Res. 9, 121-129 (1978) 

18. Fogh, M., Corker, C. S., McLean, H., Bruunshuus Petersen, I., 
Philip, J., Skakkebaek, N. E.: Serum-testosterone during oral 
administration of testosterone in hypogonadal men and trans- 
sexual women. Acta Endocrinol. (Kbh) 87, 643-649 (1978) 

19. Jolmsen, S. G.: Long-teml oral testosterone and liver function. 
Lancet 1978/I, 50 

20. Johnsen, S.G., Kampmann, J.P., Bennett, E.P., Schonau 
Jorgensen, F.: Enzyme induction by oral testosterone. Clin. 
Pharmacol. Ther. 20, 233-237 (1976) 

References 

1. Aakvaag, A., Vogt, J. H.: Plasma testosterone values in differ- 
ent forms of testosterone treatment. Acta EndocrinoI. (Kbh) 
60, 537-542 (1969) 

2. Hamburger, C., Pedersen-Bjergaard, K.: Om testosteron-sup- 
positorier med s~erlig henblikk p~ suppositorie-massen. Arch. 
Pharm. Chem. 68, 146-151 (1961) 

Received: September 25, 1978 
in revised form: March 14, 1979, 
accepted: June 30, 1979 

Prof. Dr. H. Frey 
Ovedege reed. adv. B. 
Aker sykehus, Osto Kommune 
Oslo 5, Norway 


