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Summary-As part of a study on hormones and bone density in peri-menopausal women, 
metabolic clearance rates (MCR), and interconversions of androgens and estrogens and the 
peripheral aromatization of androgens were measured twice 2 yr apart. Measurements of 
clearance rates and interconversions were made from blood samples obtained during constant 
infusions of t3H]androgens and [‘4C]estrogens. Measurements of peripheral aromatization were 
made from the estrogen glucuronides in a pooled 4-day urine collection timed from the start 
of the infusions. The women were divided into 3 groups: Group A (n = 15) were having 
menstrual cycles throughout the 2 yr interval; Group B (n = 11) were having menstrual cycles 
at the time of Study 1 but had been amenorrheic for at least 1 yr at the time of Study 2; Group 
C (n = 28) were amenorrheic for at least 1 yr at the time of Study 1 and had remained 
amenorrheic through Study 2. 

The MCRs for testosterone, androstenedione, estrone and estradiol were not different for 
Study 1 and Study 2 in any of the groups. The interconversions of the androgens were similar 
in both studies for all groups. The conversion of estrone to estradiol decreased in Group A, 
otherwise the interconversions of the estrogens did not vary between the studies for the other 
groups. The peripheral aromatization of androstenedione, but not of testosterone, was 
significantly greater at study 2 compared to Study 1 for all groups. 

We conclude that the MCRs and interconversions of androgens and of estrogens are stable 
over time, but that the peripheral aromatization of androstenedione increases over a 2 yr 
interval. This increase may be menopausal and/or age related. 

In order to examine the effects of time, changes in 
hormonal status or disease states on steroid dynam- 
ics, most investigators have used the vertical rather 
than the horizontal approach. That is, the effects of 
time have been examined in groups of subjects of 
differing age rather than in the same subjects at 
differing ages [l-4]. Similarly, the effects of the 
menopause of disease have been examined in groups 
of subjects [3,5,6] rather than in the same subject at 
different times. Exceptions to this have been studies 
of steroid dynamics in a few subjects with thyroid 
dysfunction [7-91 or with obesity and subsequent 
weight loss [lo]. These studies have implicated 
changes in thyroid status and obesity as being respon- 
sible for any changes in steroid dynamics. However, 
there have been few studies [ 1 l] as to the reproduci- 
bility of steroid dynamic studies over time in the same 
individuals with or without associated changes in 
endocrine function. 
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As part of a study on the relationship between 
hormones and bone density, we measured androgen 
and estrogen dynamics in a group of peri-menopausal 
women twice, 2 yr apart. Our results, which are 
reported here, indicate that there was no major 
difference in metabolic clearance rates (MCR) or 
interconversions, but there was an increase in the 
peripheral aromatization of androstenedione. 

EXPERIMENTAL 

Fifty-four women were studied twice, 2 yr apart. 
For the purpose of these analyses, they were divided 
into 3 groups: Group A (n = 15) were having men- 
strual cycles throughout the 2 yr interval; Group B 
(n = 11) were having menstrual cycles at the time of 
Study 1 but had been amenorrheic for at least 1 yr at 
the time of Study 2; Group C (n = 28) were amenor- 
rheic for at least 1 yr at the time of Study 1 and had 
remained amenorrheic through Study 2. 

Their mean ages and weights are shown in Table 1. 
All were in good health, and none was taking any 
hormonal medication. All had given informed con- 
sent for the studies, which were approved by the 
appropriate committees of both Indiana University 
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Table I. Age and weight of the subjects at the time of the two studies 
2 yr apart 

Age Weight 
” (Yr) (kg) 

Group A, Study I 15 47.4 + 0.7’ 66.8 f 2.5b 
Study 2 15 49.9 + 0.6 68.4 * 2.5 

Group B. Study I II 50.7 +- 1.0 62.9 f 3.6 
Study 2 II 52.8 + 1.0 64.9 f 4.3 

Group C. Study I 28 52.9 + 0.5 60.7 + 1.8 
Study 2 28 54.9 +_ 0.5 61.5 +_ I.9 

‘Mean f SE. bWeight for Study I significantly less than for Study 2. 
P =0.0381. 

and the University of Massachusetts Medical School. 
All studies were done in the General Clinical Re- 
search Center at Indiana University. All women were 
part of an ongoing study on hormonal status and 
osteoporosis, and some of these findings have been 
reported [12]. 

The women were evaluated with a detailed history, 
including information on their menstrual periods and 
a brief physical examination on their initial visit, at 
which time the first radiolabeled steroid infusion for 
the dynamic studies was done. 

The women were seen at 4 month intervals for 
interim evaluations and after 2 yr the dynamic studies 
were repeated. 

On both occasions MCRs and steroid conversions 
were measured using constant infusions of 
[‘Hlandrogens and [‘4C]estrogens as previously de- 
scribed [13-151. At 0800 h while supine and fasting, 
the women were given a priming dose of 
[3H]androgen/[‘4C]estrogen, followed by a constant 
infusion of the same [3H]androgen/[‘4C]estrogen for 
210 min. The steroid pairs consisted of [3H]A/[‘4C]E, 
or [3H]T/[‘4C]E,, the priming dose was 20 PCi 
3H/0.8 PCi 14C, and the infusion dose was 50 FCi 
3H/2.0pCi 14C, all administered in a total of 25ml 
8% ethanolic saline via an arm vein. Heparinized 
venous blood samples (30 ml) were obtained from the 
opposite arm at 150, 180, and 210 min. The samples 
were centrifuged, and the plasma was frozen and 
stored at - 15°C until analyzed. All urine was col- 
lected for 96 h and stored frozen at - 15°C until 
analyzed. 

Reagents were prepared as previously de- 
scribed [13-151. [7-)H]T @A, 25 Ci/mmol), [4-14C]T 
(SA, 57.5 mCi/mmol), [4-14C]A (SA, 54 mCi/mmol), 
[4-‘4C]E2 (SA, 54mCi/mmol), and [4-14C]El (SA, 
54mCi/mmol) were obtained from New England 
Nuclear Corp. (Boston, Mass.). [7-3H]A was formed 
from [7-3H]T by Jones’ oxidation [ 161. The [7-‘H]A so 
formed was purified by thin-layer chromatography 
and was more than 98% pure by reverse isotope 
dilution and crystalization. All labeled androgens and 
estrogens were purified, and the purity was checked 
before use [17]. Nonradioactive E, and E2 were ob- 
tained from Steraloids Co. (Wilton, N.H.) and crystal- 
ized from methanol before use. Alumina HF254 
(basic type E) and silica gel HF254 were obtained 
from Brinkmann (Westbury, N.Y.). Whatman No. 2 

paper was used for paper chromatography (What- 
man, Clifton, N.J.). 

Steroid extraction, chromatographic purifications, 
preparation of derivatives, and measurements of 
radioactivity were performed as previously de- 
scribed [ 13, 17. Radioactivity was determined using a 
Packard liquid scintillation spectrophotometer 
(Packard, Downers Grove, Ill.). 

For the infused androgens the ‘H disintegrations 
per min, uncorrected for recovery, ranged from 
370 dpm in the product to 9000 dpm in the precursor. 
These samples were counted for 50 min, and the 
counting errors were less than 1.5% using the analysis 
of Horton and Tait[ 181. For the infused estrogens the 
14C disintegrations per min, uncorrected for recovery. 
ranged from 20 dpm in the product to 450 dpm in the 
precusor. These samples were counted for lOOmin, 
and the counting errors were less than 5% for the 
products and less than 1% for the precursor steroids. 

For the infusions of [3H]androgen/[‘4C]estrogen the 
concentrations of radioactivity as infused precursor 
and as product steroids were compared as a function 
of time of blood sampling. When these data were 
analyzed using linear regression and analysis of vari- 
ance, there was no significant trend in the steroid 
concentrations from 150-210 min, indicating that an 
isotopic steady-state for both precursor and product 
steroids had been reached and was maintained [19]. 

The MCRs were calculated as rate of infusion in 
the peripheral venous blood/mean concentration of 
radioactivity in venous blood [20,21]. The intercon- 
versions between the androgens and between the 
estrogens were defined as the percentage of precursor 
infused that is measured as product in the 
blood [20,21]. They were calculated as [p]~:Prod = 
100*(Xpro x MCRP’“)/P’e, where rPre is the infusion 
rate of precursor, and X ‘I0 is the mean concentration 
of precursor radioactivity measured as product. 

The urine samples were analyzed as described 
previously [22,23]. Unconjugated steroids were ex- 
tracted using cyclohexane-ethylacetate (1: 2, v/v) 
and the urine was incubated with /I-glucuronidase. 
The hydrolyzed steroids were extracted with cyclo- 
hexane-ethylacetate (1: 2. v/v) and purified by alka- 
line partition and multiple chromatographic and 
derivatization steps. The E, and Ez radioactivity were 
measured using a liquid scintillation spectrometer. 
In these samples the ‘H disintegrations per min 
ranged from 1 SO-500 dpm, and the 14C disintegra- 
tions per min ranged from 3000-8000 dpm. Each 
sample was counted for 50 min, and the counting 
error was less than 2%. [p]t$“” (the percentage of 
androgen infused converted to estrogen) is calculated 
as [([3H]estrogen/[‘4C]estrogen),,,,/([3Hlandrogen/ 
[‘4C]estrogen’,fus,d)] x 100 [22]. 

The data for each group for Study 1 were com- 
pared to the respective data for Study 2 by paired-t- 
test. The data for each study were also compared 
separately for all groups using a one-way analysis of 
variance and Student-Newman-Keuls test for multi- 
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ple comparisons between means (Statistical Package 
for the Social Sciences, SPSSX) [24]. 

RESULTS 

As shown in Table 1, the studies were done about 
2 yr apart and in Group A only, there was a slight but 
significant, P < 0.05, weight gain in the 2 yr interval 
between studies. The mean age of the women in 
Group C was significantly, P < 0.05, greater than the 
other 2 groups and the women in Group B were 
significantly, P < 0.05, older than those in Group A. 

The MCRs, Table 2, were not significantly different 
for any of the groups comparing Study 1 with Study 
2. There was also no intergroup difference in the 
MCRs in Study 1. 

The mean interconversions between the androgens, 
Table 3, were not different between studies nor 
between groups. The mean conversion of estradiol to 
estrone also was not different but for the mean 
conversion of estrone to estradiol, b]Ek”‘, there was 
a small, but significant difference between Studies I 
and 2. There were no inter-group differences. 

The mean values for the aromatization of testos- 
terone to estradiol, Table 4, did not differ between 
studies or between groups. However, in all groups 
there was a significant increase, P < 0.02, in the 
peripheral aromatization of androstenedione between 
Study 1 and Study 2. There were no inter-group 
differences. 

DISCUSSION 

Most studies of androgen and estrogen dynamics 
have involved measurements of clearance rates and 
conversions made once in each subject with the 
assumption that there will be little change with time. 

Table 4. Peripheral aromatization ([~]a,.,) measured twice 2 yr apart 
A El8 [Plsh WX’ 

n W) (%) 
Group A Study 1 15 2.03 f 0.17b,c 0.42 f 0.05 

Study 2 15 2.50+0.17 0.54 * 0.08 
Group B Study I II 2.11 kO.24 0.41 k 0.06 

Study 2 11 2.54 + 0.25 0.48 k 0.06 
Group C Study I 28 2.26kO.12 0.43 + 0.03 

Study 2 28 2.56kO.13 0.42 f 0.05 

“[p]t$’ is the percent of androstenedione (A) infused into the blood 
and converted to estrone (El) in the body. [p]:$ is the percent 
of testosterone (T) infused into the blood and converted to 
estradiol in the body [5.22]. bMean f SE. ‘Study I significantly 
less than Study 2, P < 0.02, for all groups. 

Our present data indicate that these assumptions 
were correct and that the MCRs for androgens and 
estrogens do not change significantly over a 2 yr 
period when carried out under the same conditions in 
normal women. The data also indicate that the 
change from having menstrual cycles to the post- 
menopausal state does not alter the MCRs of andro- 
gens or estrogens. This study carried out in the same 
women thus largely confirms what has been reported 
previously in separate groups of women [3,25]. How- 
ever, we did not find any decrease in the MCR of 
estradiol in the group of women who became post- 
menopausal during the interval between studies. 

Although the interconversions of the androgens 
were not different when studied at 2 yr intervals, we 
did find a decrease in the conversion of estrone to 
estradiol in the group of women who were having 
menstrual cycles for both study times. The biologic 
significance and cause of this decrease remains uncer- 
tain, especially in view of the constancy of the reverse 
conversion, estradiol to estrone. 

We and others[l, 221 have noted that the peripheral 
aromatization of androstenedione is increased in 
older as opposed to younger women. Although Hem- 

Table 2. Metabolic clearance rates for the subjects measured twice 2 yr apart 

Testosterone Androstenedione Estrone Estradiol 
n t 1 Idav) (lidav) ( 1 idav) C 1 idav) 

Group A Study I I5 412 + 37” 1892 f II5 1579$125 lll5~82 
Study 2 15 523 + 53 2063 + 102 1723 + 99 1239 + 101 

Group B Study I I I 479 + 55 1789 ?r 118 1411 +98 1029 f 75 
Study 2 I I 467 k 73 1781 f 75 1562 + 143 II63 + 98 

Group C Study 1 28 434 f 22 1711+90 1435 * 86 980 f 47 
Studv 2 28 453 + 25 1708 + 67 1462 + 73 1067 + 70 

“Mean f SE. 

Table 3. Interconversions (IDA ..) of androaens and of estrogens measured twice 2 vr aoart 
A Ta 

wsi [PI&IA 
El E2 

[Plsci 
E* El 

[PItId 
” (%) W) (%) W) 

Group A Study I I5 3.8 f 0.2b 10.7 * 0.9 7.5 f 0.9c 17.1 * 1.3 
Study 2 15 3.9 f 0.6 14.0 f 1.8 5.2 + 0.7 16.7 + 1.3 

Group B Study I 11 3.9 f 0.3 9.9 f 0.9 8.2 f 1.1 18.0 f 1.9 
Study 2 II 3.4 + 0.3 10.8 k 0.6 5.8 f 0.6 19.9 + 1.7 

Group C Study I 28 3.9 * 0.4 17.7 * 3.0 6.0 + 0.4 19.3 * I.1 
Study 2 28 4.0 f 0.4 13.4* 1.2 6.4 f 0.6 19.5 * 1.2 

“[p]2sT is the percent of androstenedione (A) which is infused into and measured as tebtosterone (T) in the blood. 
[p]$ E2 is the percent of estrone which is infused into and measured as estradiol in the blood. [plT,.,* and [p]z E’ 
are the percentages for the reverse reactions [20,21]. bMean k SE. ‘Study I significantly, P = 0.046, greater 
than Study 2. 
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sell et a1.[26] ascribed this to aging per se, we have 
ascribed it to events occurring at the time of the 
menopause [22]. However, our present data indicate 
that all women studied had an increase in androstene- 
dione aromatization in the 2 yr interval no matter 
what changes might have occurred, or not occurred, 
in their menstrual status. We have shown that periph- 
eral aromatization appears to be stable in hu- 
mans [27] and in non-human primates where repeated 
measurements are made [28]. However, those studies 
involved only a short interval repeat measurements, 
and stability over a longer time interval has not been 
investigated in normal subjects, to our knowledge. 
The mean increase in [P]~$ was greatest in Group A 
women, 17 +_ 4%, and least in the Group C women, 
9 If: 4%, so it is unlikely that ageing was the sole cause 
of the increase, but that a shift in menstrual status 
played a role as well. Although we noted no signifi- 
cant change in [pIaM ‘.” between the studies, there was 
a slight increase in Group A but not in Group C over 
the 2yr interval, suggesting again that changing 
menstrual status may be more important than age. 

Since the infusions and analyses were done 2 yr 
apart, there is the possibility that changes in tech- 
niques could have perturbed the results. However, all 
studies were done under the same conditions by the 
same individuals, and our analytical techniques did 
not change. It is, therefore, unlikely that methodolog- 
ical “drift” was responsible for our results. 

Thus, we find that most measurements of androgen 
and estrogen dynamics are stable over at least a 2 yr 
period, even if this interval involves a shift in men- 
strual status. However, the peripheral aromatization 
of androstenedione, at least, is not stable over this 
time period in the peri-menopausal period. While age 
may play a role, it would appear that the change in 
menstrual status was also important in the increase in 
androstenedione aromatization. 
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