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SUMMARY 

We studied the effects of oral medroxyprogesterone acetate (provera) administration on the 
kinetics of testosterone metabolism in normal young men. We investigated changes in the 
metabolic clearance rate. transport and metabalic rate constants. volumes of distribution. 
plasma levels. blood p~uction rates and levels of binding to plasma proteins. in all subjects 
the plasma level and blood production rate for testosterone decreased during provera adminis- 
tration. When provera was administered for 5 days the metabolic clearance rate and volumes 
of distribution decreased. After IO days of administration. the changes in the metabolic clear- 
ance rate were variable. in the 5 day studies. the levels of binding of testosterone to plasma 
proteins increased: they showed variable changes after IO days. 

INTRORUCTION 

THE TREATMENT of children with isosexual precocity has been a challenge to 
physicians. The drug of choice should be an inhibitor of gonadotrophin production 
without side effects. Provera* has been used with some success in the treatment of 
the disorderI l-31. Part of the drug’s action may be through inhibition of’gonado- 
trophin pr~uction~41. The urine gonadotrophin levels in two of five children 
with isosexual precocious puberty were suppressed by provera administration (51. 
Root et af.[6] have recently reported that provera administration decreased 
plasma luteinizing hormone (LH) levels in a boy with true precocious puberty. 
Gordon et al.171 have reported that provera administration decreased plasma 
LH but not follicle stimulating hormone (FSH) levels in three of four normal 
men. 

The elevated plasma and urine levels of testosterone are decreased in some but 
not all boys with precocious puberty by provera treatmentr2.31. In addition to 
altering gonadotrophin levels. we considered that provera might affect the kinetics 
of testosterone metabolism. To study this possibility we used the single injection 
and constant infusion techniques. The techniques are based on the two-compart- 
ment model developed by Tait et af. [8] for studying steroid metabolism. 

This paper reports the effects of provera administration on the kinetics of 
testosterone metabolism, as well as the plasma testosterone level, blood produc- 
tion rate and the level of binding of testosterone to plasma proteins in normal 
young men. Preliminary reports of this work have been published [9, i 01. 

‘.The following trivial names and abbreviations are used: testosterone: 17~-hyd~xy-4-androsten- 
.$-one. provera: (medroxyprogesterone acetate): I7a-acetoxy-6fl-methyI-4-pregnene-3.20-dione. 
epitestosterone: I7a-hydroxy-4-androsten-3-one. etiocholanolone: 3a-hydroxy-SD-androstan- 1 ‘I-one. 

+Present address: Inst. de Biologia y Medicina. Exper. Obligado 2490. Buenos Aires. Argentina. 
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Subjects 
MATERIALS <AND METHODS 

Six normal young men (23-30 yr) were studied prior to and during the oral 
administration of provera. The dosage schedules are given in Table 1. No subject 
was receiving any other medication and none had any indication of intercurrent 
disease. All were fully informed volunteers. 

Experimental design 

The single injection technique was used for most studies. The details ot 
[SH]-testosterone injection, blood sampling and analysis of the plasma were 
reported previously [ 1 I]. 

The two-compartment model as described by Tait et crl.[8] is the basis for 
analysis of the data obtained by the single injection technique. We used a compu- 
ter program for this analysis which yields the following parameters: 
Metabolic clearance rate (MCRJ- volume of plasma totally and irreversibly 
cleared per unit time. l/24 h (l/24 h). The MCR is also expressed in terms of 
surface area as I/m’ per 24 h ( l/m’/24 h). 
a slope of calculated component of model [ 81. 
p slope of final part of disappearance curve [8]. 
K, rate of transfer from inner to outer pool. units/24 h (U/24 h). 
K, rate of metabolism in inner pool, units/24 h (U/24 h). 
V, volume of inner pool, I [ I]. 
V, volume of outer pool, I [ I]. 
v reciprocal of extrapolated final part of disappearance curve at time zero in I [ I]. 

The volumes are mathematical and have no known anatomical significance. 
By definition, the plasma into which the injection is made is part of the inner pool. 

Studies in one subject were performed with the constant infusion technique 
[ 12, 131. The plasma samples were processed as for the single injection procedure. 
Only a value for the MCR is obtained with this procedure. 

Urine was collected for 24 h prior to the single injection or constant infusion 
studies. Excretion values for creatinine, 17-ketosteroids. l7-ketosteroid fractions. 
I7-ketogenic steroids, testosterone and epitestosterone were obtained for these 
urines. Urine was collected for 48 h following the injection of [“H]-testosterone 
for the single injection studies. The specific activities of the testosterone meta- 
bolites in these urines were determined. The results of all these urine measure- 
ments are reported separately [ 141. 

Just prior to the injection of [“HI-testosterone for both the single injection and 
constant infusion studies, blood was taken for the determination of plasma testo- 
sterone and the level of binding of testosterone to plasma proteins. Plasma testo- 
sterone was measured by a modification of the method of Mayes and Nugent [ IS]. 
In our laboratory the plasma extracts were chromatographed on paper in the 
system: cyclohexane: p-dioxane: methanol: water( 100: 25 : 100: 10 by vol.). The 
testosterone areas on the chromatograms were eluted overnight in ethanol at 4°C 
for assay as originally described. Levels of binding of testosterone to plasma pro- 
teins were measured by a slight modification [ 161 of the method of Forest et trl. [ 171. 

Radioactive compounds were purchased. checked for purity and counted as 
previously described [ IS]. Chromatography for the kinetic studies was performed 
as described [ IS]. Provera (medroxyprogesterone acetate) was obtained from the 
Upjohn Co. of Canada. Don Mills. Ontario. Canada. 
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RESULTS 

Al1 six subjects were studied immediately prior to the administration of 
provera. Control kinetic data was not obtained for subject GP due to technical 
problems. Subject DD was studied with the constant infusion technique. the 
others by the single injection method. The control kinetic data for all subjects 
was within our range for normal young men [ 181. The control values for plasma 
testosterone, blood production rate of testosterone and the level of binding to 
plasma proteins are also within normal limits [ 16. 191. 

As shown in Table 1 the first three subjects received 20 mg of oral provera 
daily for five days. The plasma kinetics for subjects MMcG and AM show slight 
decreases in the MCR,_V,, V, and v and small increases in (Y. 0 and K,. Only the 
changes in a, V, and V are statistically almost significant (P < 0.1). While the 
changes in the kinetic parameters were slight, there were major reductions in the 
plasma testosterone levels for all these subjects and the testosterone blood pro- 
duction rates for the first two subjects. There were increases in the levels of bind- 
ing for the three subjects. The mean ? standard error of the mean for the kinetic 
data on 14 normal young men are given at the bottom of Table 1. 

The last three subjects received 20-40 mg provera for lo- 13 days as shown in 
Table 1. In the kinetic data the only consistent changes were the small decreases 
in V,, V, and v. However there were again large decreases in the plasma levels 
and the blood production rates for testosterone. The level of binding decreased in 
one and remained the same in two of the volunteers. 

DISCUSSION 

Rivarola et a1.[2] and Gordon ef u1.[7] have looked at the effects of provera 
administration on some of the parameters of testosterone metabolism. In their 
studies the provera was given at higher dosages and for longer time periods. In 
our studies with smaller doses given for a shorter period of time we found similar 
changes in the plasma level and blood production rate of testosterone. 

Many investigators feel that the MCR is the best overall measure of steroid 
metabolism. The MCR is influenced by a number of factors including the plasma 
concentration, and extent of binding to plasma proteins, (reflected in changes in 
the volumes of distribution) and rate of metabolism in the inner pool. Southren and 
Gordon [ 191 have indicated that the plasma concentration of testosterone has to 
be greatly altered in order to significantly affect its MCR. Vermeulen er ul. [20] 
have postulated that the MCR of testosterone is inversely related to the fraction 
of the hormone in plasma not bound to the specific binding P-globulin. This frac- 
tion will be reflected by our protein binding determination. 

Long term studies (several months) with provera administration[2 I] show that 
the level of protein binding is decreased. Using Norit treated plasma this change 
was found to be independent of the concentration of steroid. therefore, the change 
must be due to a decrease in the capacity (concentration) of the specific ,& 
globulin. Our ten day studies gave inconsistent results, similar to the findings of 
Gordon er al. [7] and Rivarola et al. [2]. In contrast our five day studies show a rise 
in the level of protein binding of testosterone. If this increase is independent of the 
plasma testosterone level [2 1 I then the provera must initially increase the quantity 
of the p-globulin. The important end result of the increased binding (whether due 
to increased /3-globulin or decreased steroid levels) is a decreased unbound 
testosterone fraction resulting in a decreased MCR. 
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Gordon ef crl. [22] have shown that provers administration to humans increases 
hepatic testosterone 4-en-reductase activity: this was coupled with an increase 
in the MCR. In our kinetic studies. the increase in K, in three of four subjects may 
indicate that 4-en-reductase activity was also being changed in our short-term 
experiments. In the 5 day studies, the increase in Kz is overridden by the increase 
in binding to plasma proteins, resulting in a decrease in the MCR. In subject RC 
where provera was given 10 days, the level of binding was the same as the control 
value and the small increase in the MCR can be related to the increase in Kr. The 
results in subject MK are difficult to explain. 

Our studies on the urine metabolites of testosterone in these subjects support 
the idea that testosterone metabolism was altered by only five days of provera 
administration [ 141. The urine excretion of testosterone. epitestosterone, andro- 
sterone and etiocholanolone decreased significantly. Labelled metabolites were 
isolated from the urine following the injection of I:‘H]-testosterone. During provera 
administration the fall in testosterone production was reflected in increases in the 
specific activities of those metabolites excreted as glucuronic acid conjugates. 
Etiocholanolone glucuronide showed an increase in its specific activity during 
provera administration, but eti~holanolone sulphate did not. 

The changes in volumes of distribution during provera administration do not 
correlate with the levels of binding which is in contrast to our studies when 
oestrogen is administeredI 181. 

Alterations in the gonadotrophin levels are probably the major cause of the 
reduction in the plasma level and blood production rate of testosterone when 
provera is administered. There is good evidence however that provera alters the 
peripheral metabolism of testosterone resulting first in a decrease and then an 
increase in the MCR. 
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