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approximately 44% in males and 66% in fe-

INTROCUCTION males)or albumin(approximately 50% in males

and 30% in females) and also corticosteroid-

Testosterone in serum is bound largely to binding globulin. Only 1-3% of T is in a prot-
either sex-hormone-binding globulin (SHBG, ein unbound (i.e. free) state. It has been pos-
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tulated that the small portion of unbound
sex steroids(free androgens, FA) is hormon-
ally and metabollically active, and that the
steroids-SHBG serves as a biologically inert
reservoir in which the hormone is protected
fromcatabolismor excretion( Anderson, 1974, ;
Dunn et al.,, 1981). The free testosterone (FT)
which is independent of the changes in SHBG
would appear to be a more appropriate analyte
for investigation of androgeneicity than total
testosterone {(TT). The concentrations of T in
saliva are also considered to reflect free T
levels in blood (James and Baxendale, 1982 ;
Baxendale and James, 1983).The determination
of salivary androgens may therefore provide
the direc¢t measures of physiologically active
levels 'in blood with non-invasive, easy and
multiple sampling techniques (Gaskell et al,
1986 ; Gould et al., 1986 ; Johnson et al., 1987).
However, recent studies suggest that the
bicavailable T (BT ; free and albumin bound
T)appears to correlate much better with and-
rogen activity than does serum T (Total T)
or free T (Cumming and Wall, 1985 ; Manni
1985 ; INankin and Calkins, 1986).
Measuremet of total T may therefore be mis-
leading for the investigations of androgen
studies.

Dihydrotestosterone(DHT) is the most po-
tent endogenous androgen and responsible

et al,

for the differentiation of male external gen-
ita-lia and also an intermediate in androgen
biotransformation. But the changes of free
DHT(FDHT) and bioavailable DHT (BDHT)
in serum and saliva of the male or female
reproductive state remain uncertain.

Direct radioimmunoassays(RIA) of total
serum T and FT are commercially available
but not DHT RIA (Wilke and Utley, 1987).
In the present study, we developed chemil-
uminescence immunoassays{LIA) the
measurements of bioavailable DHT and T in
serum and saliva.

for

MATERIALS AND METHODS
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One hundred and eighty four men (aged
25-52 yrs) and 154 normal or pregnant wom-
en (agee, 25-66 yrs) had participated in the
present study. All were healthy, not taking
medicines, had no known diseases, and had nor-
mal screening physical examinations. The
young men (n=96) were all stuydents under
24 years old and fives were proven fathers
(28-37 yrs).

The same single serum and matched saliva
were obtained between 0800 and 0900 h. Sal-
iva samples from all the subjects were collected
by the participants directly into sam-ple tubes
and stored at -40°C until arsayl.

Serum free T was measured by two different
method ; Firstly, the modifed method of Vla-
hos et al, (1982), a centrilfugal ultrafilira-
tion method was used. Between-batch coeffi-
cient of variations (BV) were 12.5% at 24
pmol/land 8.7% at 42.4 pmol/l. Briefly, serum
samples were pre-incubated with highly purif-
ied 1,2,6,7-tritium labelled testosterone *HT, 10
0,000 dpm, 4.5 pmol, specific activity, 80-100 Ci
/mmol) or 1,2,4,56,7-tritium labelled 5-alpha
dihydrotestosterone, *HDHT, spec. ect,, 110-150
Ci/mmol). For this purpose, 10 ul of purified
tracer and 30 ul of HEPES (1 mol/l, pH 7.4)
were addded to 0.8 ml of serum samples, and
then mixed gently to equilibrate to 37°C for
30 min. The radioactivity in 50 ul of serum
solution was measured in duplicate and the
remaining sample was pipetted into the res-
ervoir of MPS-1 centrifugal ultrafiliration
device using YMB membranes (Amicon Corp,
GmbH). After the device was capped and pla-
ced into a prewarmed angle rotor, the tubes
were centrifuged at 1100 xg for 10 min. Ultr-
afiltrate (200 to 300 ul) in the filtrate cup
were obtained and 50 ul alinquots in dupli-
cate were taken for radioactivity measure-
ment. The FTconcentration in undiluted serum
was calculated as follows : Diluted % freeT =
{cpm of ultrafiltrate/cpm of dilyted)X100 ;
Undiluted % free T=diluted % free/D, where
D is the dilution factor (D=ca 1.6=(total vol-
ume (serum+ buffer+tracer)/volume of se-



rum). The absolute free T is then calculated,
after the total concentration is determined by
indirect LIA as follows : Undiluted free T=
{undiluted % free/100)X total T. The second
method was Coat-A-Count free testosterone
kit (Diagnostic Products Corporation, DPC),
using a solid-phase RIA with iodine-125 labe-
lled T analog method for direct estimation.
The FT intra- and inter-assay varitions were
6.8% and 5.9%, respectively, based on dnalyses
performed in triplicate.

Bioavailable androgens were estimated us-
ing 50% ammonium sulfate precitation of
SHBG using the method described by Manni
et al, (1985) with minor modifications. Brie-
fly, tracer amounts of tritium labelled T or
DHT were added to serum aliquots. An equal
volume of saturated solution of ammonium
sulfate (at final concentration of 50%) was
added to precipitate TeBG, testosterone est-
rogen binding globulin with its bound steroid.
Sepatation of this SHBG bound fraction was
done by centrifugation at 200 xg for 30 min
at A'C using the above devices. The percen-
tage of the labelled steroid remaining in the
supernatant (the free and albumin-bound
fractions was then calculated (normal range,
25-72% in men and 12-28% in women). This
non-SHBG bound T or DHT concentration
was obtained by multiplying the total steroid
concentration determined by total androgen
LIAs. The intra-and interrassay variations
were 1.7% and 10.1 % for non-SHBG-androgens.
The results multiplied by the serum androgens
were reploted as absolute non-SHBG-andro-
gens concentration. The measurement of
SHBG for DHT in serum were done by pro-
ducts of apibicMerieux GmbH or of Farmous
Diagnostical, Turku, Finland. Serum albunin
was mea-sured colorimetrcally with bromocr-
esol green(Peters et al,, 1982) or by some mo-
dification of RIA kits using double antibody
method of DPC albumin kits.

For LIA, aminobutylethylisoluminol(ABEID)
was synthesized according to the procedure
of Schroeder et al,(1978) for light emitting
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substance and coupled to DHT-or T-3-CMO
by a mixed anhydride method as described for
proteins by Erlanger et al,(1957). The trac-
ers were identified by FD-mass-and UV-spe-
ctrometry (Kreysing, Yoon, and Nieschlag,
1988).

The antibodies were generated against D-
HTor T-3-CMO-BSA in rabbits. The IgG fr-
action was collected using affinity chromat-
ography : The antisera were applied to a
Protein A-Sepharose CL-4B (Pharmacia) eo-
lumn eluted woth physiocally buffered saline
(PBS pH 7.2). Then the bound IgG was eluted
from the gel with 0.1 mol/1 glycine-HCI buffer
(pH 3.0). For coupling the IgG fractions to
an immunobead matrix, the glycine-HCI buffer
was replaced by a phosphate buffered saline
(pH 86.3) by ultrafiltration through an Ami-
con filtering system. Then 10 mg IgG were
coupled to 200 mg Immunobead matrix accor-
ding to the procedures of a carbodiimide
method (Bio-Rad).

For the extraction of androgens 1 ml of
serum and 3mi of saliva were extracted with
5ml of diethylether twice. DHT and T frac-
tinos were isolated using celite column{Radio-
assay System Laboratory Ltd, California). For
LIA, redissolved residues of the extracted
samples, tracer, and Immunobead suspended
in physiclogical saline supplemented with lg
/lbovine 1gG were added. Total volume was
0.3ml. After incubation at 4°C overnight or
3 hours at 37°C, the immunogen-bound immu-
nobead was washed twice with Iml of 0.02
% Tween 20, and then suspended in 250 ul
NaOH (2 mol/l). After incubating at 60°C,
for 1 hour the luminescent reaction was sta-
rted by adding 100ul hydrogen peroxide (0.1
5%) and measured for 10 sec in a Berthold
LB 950 or Picolite 6100 luminometer.

The concentrations of androstenedione and
DHT were determined by the kits of api
bioMerieux GmbH, after the steroids were
isolated using commercial columns under ni-
trogen gas pressure by the procedurtes rec-
ommended,



Table 1. Performance data of the LIAs for DHT and T.

DHT-LIA T-LIA
Factors (n=27) (n=24)
Slope (b) 2.11+0.14 2.34+0.92
Correlation(r) 0.96+0.003 0.97+0.007
Intercept(y, nmol/l) 5.26+0.78 5.46+0.93
Sensitivity (pg/tube) 1.70£0.09 3.90£0.03
Accutacy
a. 2.90+0.40 2.80+£0.06
b. 9.80+0.90 9.50+1.70
c. 14.30+2.80 16.10+2.10
Intraassay variation (nmol/l) 2.30£0.03 21.70+1.30
(CV=87%) (CV=6.0%)
Interassay variation (nmol/l) 2.50+0.30 22.20+3.40
(CV=120%) (CV=15.3%)

*Sera of charcoal-stripped serum pool were spiked with a(3.0 nmol/1), b(10.0 nmol/1), and ¢

(15.0 nmol/1) respectively

Table 2. Cross reactions of related steroids in developed LIAs

Compounds DHT-LIA T-LIA
S5a-dihydrotestosterone 100% 38%
Testosterone 23% 100%
Sa-androstan-3c, 178-diol 7.4% 7.0%
Androstenedione 46% 1.5%
Androsterone 2.1% 1.6%
Androstenediol 2.7% 2.7%
Cortisol <0.001% <0.001%
Progesterone <0.01% <0.01%
Estradiol-178 <0.01% <0.01%
Dehydroepiandrosterone <0.001% <0.001%

* The percentages of the doses giving 50% inhibition of the ABEI-labelled tracers compa-
red to the initial bindings were determined.tracerscompared to the initial bindings.

Statistical analyses of the data obtained
from normal subjects were done by Student’s
t test, but the data which was not normally
distributed in the samples were performed
using the Mann-Whitney "U" test. The correl-
lations between two different variables were
calculated by linear regression analyses. All
results are expressed as mean * SD unless
otherwise stated.

RESULTS
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1) Validation of indirect chemiluminescence
immunoassays for DHT and T in comparison
to RIA for both hormones

Accuracy and precision were determined
for the solid-phase LIAs by repeated mea-
surements of native and of androgens-sup-
plemented human female serum samples, with
T- and DHT-concentrations ranging from 1.5
to 36.2 nmol/l. The results for the intra-and
inter-assay variations are given in Table 1.
The correlations between expected(X) and
observed(Y) values in DHT-and T-LIA were



r=0.989 and r=0.988 respectively. The reg-
ression curves are described as Y=0.94X-+
0.9 for DHT and Y=1.01X+06 for T.

The sensitivity defined as the minimal de-
tection limitof an assay, which is the least
concentrations of unlabelled DHT or T (mean
of 10 standard curves-25D). These sensitivi-
ties, the least amounts for DHT or T LIAs
were 1.7 pg/tube or 3.9 pg/tube.

Specificity has been calculated by determi-
ning the doses giving 50% inhibition of the
tracer compared to the binding of the zero
standand and summarized in Table 2. There
were no differences between the LIA and
RIA.

Correlations of LIA to RIA : For the fur-

ther validations serum samples (n=286) were
determined by LIA and RIA. The coefficient
of correlations between the LIA values for
CHT or T and their RIAs were r=0.977 (n=
87) and r=0930 (n=142) respectively. The
regression curves gave the linear equation
Y(LIA values)=1.02 X(RIA)+442 for DHT
and Y=097+05] for T.

2) Determinations of bioavailable and free
DHT or T in sera and saliva

A number of different procedures have
been tested to compare the concentrations
of free DHT and T in serum samples (Table
3), with the equilibrium dialysis method being
used as the reference method. This table sh-

Table 3. Comparison of the methods to determine free testosterone in serum

Method

Normal serum from

Men (n=44) Women (n=51)
Equilibrium dialysis 614.8+483 21.2%1.0
(295~680) (15~32)
Gel-filtration 716.0+50.5 23.2+2.1
(470~815) (19~28)
Ultrafiitration 585.0+190.8 26.1%£2.4
(245~710) (16~30)
DPC Kit 91.70+18.1 8.70+1.9
(43~210) (2~13)

The DPC kit is a Coat-A-Count free testosterone kit of Diagnostic Products Corporation.
Ultrafiltration was done using MPS-1 centrifugal ultrafiltration devices with YMB mem-

brane.

The equilibrium dialysis method is taken as the reference method.

Table 4. Intra-and inter-assay variation of salivary T and free T in serum to assess the
assay quality using three quality control(QC) samples

intraassay

interassay
variation (CV.%) variation (CV.%)
Salivary T (pmol/1)
Sample k1 (n=20) 43.7+£7.9(18.1) 42.5+8.7(20.5)
Sample K2 (n=20) 181.54+19.6(10.8) 179.1+30.4(17.0)

Sample K3 (n=20)
Serum free T (pmol/l)

319.2+£259(8.1)

325.1:43.7(13.4)

Sample Kl (n=18) 68+0.7(10.3) 5.4+ 1.1(20.4)
Sample K2 (n=18) 45.642.8(6.1) 42.4+37(8.7)
Sample K3 (n=18) 147.6+8.9(6.0) 150.3+11.6(7.7)

Serum total T (amol/l)
Sample Kl (n=15)
Sample K2 (n=15%)
Sample K3 (n=15)

1.2+0.08(6.7)
9.84+0.4(5.5)
28.5+2.3(8.1)

1.1£0.09(8.2)
10.3+£0.8(7.8)
26.4%+2.4(9.1)




owed a range for one method in the paren-
thesis and the mean values =1 SD. The dif-
ferent methods for measuring free T concen-
tration agreed quite well. The DPC kit sh-
owed a strong negative bias range where the
upper limif is lower than the means repor-ted
by the developed ultrafiltration method in the
present study.

The mean recoveries of 896 £15% were
obtained when 50,200, 350pmol/l of andro-gens
were added to charcola-stripped saliva pull.
The precisions of salivary T and serum FT
and TTmeasurements are assessed fromintra-
and inter-assay analyses on replicates of
pooled samples. Results are given in Table 4.
Sensitivities using triplicate estimates were
20 pmol/] for salivary T assay and 5.8 pmol/]
for serum FT and 135 pmol/] for serum total
T assays respectively.

The values of salivary, serum free, and se-
rum T obtained in normal males and females
are given in Table 5. A good correlation (r=
087, n=158, p<0.01) was obtained between
concentration (pmol/l) of FT in serum and
salivary T in both normal subjects. These
samples covered a wide range of 20~415pmol
/1 for salivary T and 16~710 pmol/]l for serum
FT. A significant correlation was obtained
in the 13] healthy subjects between serum T
and TT (r=092, p<0.01) and a FT/TT (r=
098, p<0.01, Y=388x+23). The salivary T

concentration expressed as a % of the total
serum T was 1.1+£03% in healthy male, 3.5
+2.0 percent in the healthy female. These
values were significantly different (p<0.0
1).

The percentages of T and DHT distribution
between the SHBG, albumin, and free forms
are summarized in Table 6. The free DHT
percentages of the serum total DHT values
in male serum samples were 2.15+0.20 (0.8
~254) % and were slightly higher than th-
ose in females, comparing with calculated
FDHT levels. There was no significant dif-
ference between serum FT in healthy nale
and in female, expressed as a percentage of
the total T serum values. The percentages
of bioavailable T and DHT in female were
significantly lower than those in male (p<
0.01). The percentages of SHBG-bound and
DHT in female serum were also significantly
highr than those in male (p<0.05).

The absolute concentrations of albumin-
bound, SHBG-bound and bicavailable T and
DHT are shown in Table 7. There were sig-
nificant correlation between the values of
bicavailable T and DHT and their total T
and DHT : r=091(n=9%), and r=089(a=75)
for DHT. As shown in this table, the absolute
values of female serum BT and BDHT were
much higher than the limits levels of both
assays.

Table 5. Values of salivary T and serum free T or DHT in men and women

Samples Male (n=90) Female (n=90)

Salivary T (pmol/l) 290.0+65.1 33.01+154
(70~415) (20~62)

Serum FT (pmol/1) 585.0+19.8 26.1+24
(245~1710) (16~30)

Total T (nmol/l) 21.5%5.1 1.1£0.3
(10.5~33.6) (0.4~2.3)

Serum FDHT (pmol/1) 19.941.2 *ND
(10.5~36)

Total DHT (nmol/1) 1.8+0.3 0.2+0.03

(0.7~9.7) (0.2~1.4)

*ND ; not detectable.

Serum FT and FDHT were determined by the modified mothod of Viahos et al, (1982)
using a centrifugal ulirafiltration through YMB membranes of MPS-1 devices.



Table 6. Distribution of androgens between the SHBG-, albumin-, and non-protein bound
fraction

Male (n=50) Female (n=50)
Testosterone
Free T (%) 1.80£0.1 1.90£0.7
Albumin-bonud T (%) 31.20+8.41 24.01+5.44
SHBG-bound T (%) 67.76+3.99 7462+4.63
Bicavailable T (%) 33.08+6.71 2568+ 4.67
(Free+albumin-bound)
Dihydrotestosterone
Free DHT (%) 2.15+0.20 1.88+0.32
Albumin-bound DHT (%) 31.14£5.36 2463+4.78
SHBG-bound DHT (%) 66.57+2.95 74.02+7.93
Bioavailable DHT (%) 33.43+4.80 25.41+4.92

(Free+albuimn-bound)

*5{ 0.01, compared the values of male sample with the corresponding values of female.

) Table 7. Concentrations of bioavailable (free+albumin-bound) and SBHG-bound androgens
in serum

Hormones Male (n=175) Female (n=95)
Totale testosterone (nmol/]) 21.50x5.1 1.1£03
Albumin-bound T(nmol/1} 6.71+1.65 0.26+0.04
SHBG-bound T{nmol/1} 14.62+0.86 0.82+0.05
Bioavailable T(nmol/1) 7.10+1.48 0.28+0.05
(free-+albumin-bound)

Albumin-bound DHT (pmol/1) 57052+ 101.5 50.11£11.60
SHBG-bound DHT (pmol/1) 1201.00£58.1 148.92+ 18.56
Bilavailable DHT(pmol/1) 601.74+85.8 5244+ 199

(free+albumin-bound)

ATl values of the female samples were signilicantly lower than those of male samples
(p<0.001, by Student’s t-test). The bioavailable androgens were determined in the super-
natant after treatment of ammonium sulfate (at final concentration of 50%) to precipit-

ate the SHBG fractionx, using a modified methods of Manni et al., (1985).

DISCUSSION

The present study reevaluated again by
applying the LIA techniques to determine the
salivary, serum free, and serum total DHT
and T and also their bioavailable fractions,
utilizing the labelled tracers DHT or T-3-CMO-
ABEL The indirect LIA for T has been already
stablished by Kreysing, Yoon and Nieschlag
(1988). The indirect DHT LIA using high
performance liquid chromatography has been
reported (Yoon et al, 1987) but the more
convenient and simpler methods are needed
to assay a large number of samples. Both as-
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say systems have been validated using the
usual criteria of sensitivity, precision, speci-
ficity, and parallelism etc. The overall per-
formances were very similar to those of RIA.
Thus the present study shows that the deve
loped LIA systems appear to be suitable for
use in researches and clinical assays for male
and female samples in order to determine the
bicavailable and free androgens in serum and
saliva.

The main problems in developing highly se-
nsitive direct LIA methods for use in the cr-
ude biological samples probably arise from
the interferences with light-producing reac-



tion {Kohen et al,, 1982 ; Pazzagli et al,, 1982).
Direct LIA assays have shown reported to
show a matrix effect. The mean values ob-
tained for extract method were close to the
expected ones, but results from recovery ex
periments with charcoal-stripped polycythae-
mic sera and with spiked buffer samples in-
creasing BSA content showed a large varia-
tions. In addition, the cross reactivity by the
similar steroids compromises the accuracy
of specific steroid determination in both sys-
tem. Because the highly specific antisera in-
cluding monoclonal antibodies only for DHT
or T determinations are not available and
satisfactory until now, the direct LIA could
not be estableished.

Concentration of steroid hormones in sa-
liva are considered to reflect the free levels
in blood plasma (James and Baxendale, 1982).
Previous reports showed that the level of
male salivary T is in the range of 270~420
pmol/1 (Walker et al,1980 ; Wang etal., 1981 ;
Baxendale and James, 1983 ; Gould etal., 1986 ;
Johnson et al,,1987). However, with the female
saliva samples, there is a wide discrepancy in
the previous reports with values ranging
from 14~215 pmol/l, except the data of Lan-
dman et al, (more than 677 pmol/l). Table
5 shows the present results for male salivary
T lie
T lie at thelowere end of the range,but agreed
well in the range of 14~52 pmol/l with those
reported by other researchers (Gould et al,
1986 ; Jo-hnson et al, 1987).

To measure FT, a number of different pre-

within the range. The female salivany

cedures have been developed, with the equi-
librium dialysis method being used as the
reference method. The DPC kit using antibody
coated tube method is very simple, very att-
ractive.and highly desirable but the kit re-
ports a FT range where upper limit is lower
than the mean measured by other method.
Cheng et al. {1986) and Wilke and Utley (138
7) reported similarly a negative mean bias (-
76%) for the DPC method compared with
the reference method. The miniature steady—
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state gel filtration through Sephadex—200
column has removed a lot of the tedium and
procedures as the direct measurement does.
The determined values by this method agre-
ed well with the previous reports (Wheelera
and Nanjee, 1985). The present study using
Amicon filtration system looks attractive eve-
nthough Viahos etal. (1982) reported excessive
leakage in 5% of the devices. These FT values
are similar to those in the previous report
(Nanjee and Wheeler, 1985). Johnson et al.
(1987) reported that there is a good corre-
lation (r=0.83, p<0.0l], n=194) between sa-
livary and serum free T in matched serum
and saliva samples. The present result also
showed a good correlation (r=087 p<0.0l,
n=158) between them. Thus the present si-
udy confirmed that salivary T measurement
has potential advantages over serum with
regard to ease of collection of samples, mul-
tiple specimen collection, non-invasive and
employing established LIA techniques. But it
does appear to overestimate the free T and
saliva could be easily contaminated.

It has been generally known that 98% of
androgens in blood are bound to three plasma
proteins ; SHBG, albumin and corticosteroid
binding protein, and that levels of SHBG
are lower in male primate than in female
ones. Table 6 shows the little higher percen-
tages of T and DHT and no differences be-
tween in man and women when these resul-
ts are compared to those of Anderson (1974).
Because FTis independent of the changes in
SHBG, it would appear to be more appro-
priate analyte for the investigation of and-
rogenicity than total T. It has been reported
that the affinity of SHBG for DHT is 1.2 to
1.3 times higher than that for T and 4 fimes
higher than that for estradiol (Anderson,
1974). The present result also agreed well
with this assumption.

Bioavailabel T(BT)
FT and large proportion (55%) of albumin-
bound T. The SHBG-bound T appears to dis-
sociate too slowly to be biologically active

includes circulating



for the target tissues (Cumming and Wall,
1985 ; Manni et al, 1985). Recently it has been
reported that BT in serum are decreased in
aged men and that BT is more sensitive
indicator for this decline than are total T
or serum free T (Nankin and Calkins, 1986).
Present result shows that the percentages
of BT and BDHT in male ate more than 33
% of serum total values, while those in female
are more than 24%, and that thesevalues are
within the standard ranges and more suit-
able to determine with normal routine assays.
We found also that serum BT and BDHT con-
centrations were significantly lower in old
peoples (data not shown, i.e. 10.8+0.6 nmol
/1 for BT, n=15, 60to 66 years) than in young
men{20-40 year of age, 15.7+2.1 nmol/l for
T, n=93). Manni et al. (1985) reported BT to
range between 260 to 1047 nmol/] values.
These are very similar to those of our result.

On the other hand, Harman and Nankin
(1985) reported no statistically significant
changes in BT with aging. But lower serum
FT in old man and in the impotent men are
reported by Koritnik and Marschke (1986).
These kinds of discrepancy should be stidoed
more carefully.

In conclusion, the present study shows that
the measurement of biclogically available
and serum free androgens by our established
LIA could be used as a research method for
male physiology and also for the monitoring
the androgenicity of female, and also could
be clinically useful, reliable and routinely
applicable method. On the other hand, the
direct measures of physilolgically active
steroid levels and more appropriate for the
androgen monitoring systems.
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