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Validation of a Direct Radioimmunoassay for

Testosterone in Unextracted Serum from Five Species:

Application to Study of the

Hypothalamic-Pituitary-Gonadal Axis in Males

B. D. SCHANBACHER AND M. ]J. D’OCCHIO

A method for the radioimmunoassay of
serum testosterone that does not require ex-
traction or chromatography is described. Utili-
zation of a highly specific antiserum, tritium-
labeled ligand, and double antibody precipi-
tation makes the direct radioimmunoassay
feasible. The direct radioimmunoassay is valid
based on the criteria of sensitivity, specificity,
accuracy, and precision. Because extraction,
chromatography, and transfer are eliminated in
this procedure, recovery of serum testosterone
is always 100%. Interference by serum binding
components is lacking, and values obtained for
ram, bull, dog, rat, and man by direct radioim-
munoassay are in agreement with those ob-
tained by a conventional extraction assay.

Direct testosterone radioimmunoassay has
been applied to the study of hypothalamic con-
trol of testosterone secretion in bull, ram, and
rat. The intravenous injection of synthetic
luteinizing hormone releasing hormone (LHRH)
increases blood testosterone and can be ad-
ministered to mimic the pulsatile nature of tes-
tosterone secretion characteristic of intact
males. On the other hand, immunoneutraliza-
tion of LHRH by active or passive immunization
results in substantially reduced serum testos-
terone and failure of testosterone secretion in
response to exogenous LHRH. These investi-
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gations lead us to conclude that testosterone
secretion by the mammalian testis is regulated
largely by inputs from the hypothalamus and
that synthetic LHRH and LHRH antisera provide
useful tools for studying the hypothalamo-
pituitary-gonadal axis. The direct radioim-
munoassay provides a convenient and inex-
pensive method to study testosterone secre-
tion by the testis.

Key words: direct radioimmunoassay, serum
testosterone, luteinizing hormone releasing
hormone, immunoneutralization.

Numerous assay procedures have been de-
scribed for quantitative assessment of testosterone
concentrations in peripheral blood (Furuyama et
al, 1970; Coyotupa et al, 1972; Bartke et al, 1973;
Falvo and Nalbandov, 1974; Schanbacher and
Ewing, 1975; Schanbacher, 1976; Joshi et al, 1979;
Vining, 1980). Fortunately, the development of
antisera of high affinity and specificity has largely
eliminated the need for chromatography prior to
steroid assay (Rao et al, 1978). Extraction of
steroids from interfering constituents of serum
and plasma is both expensive and time consuming
and remains a major disadvantage of conventional
radioimmunoassays. Therefore, the possibility for
the elimination of sample extraction would further
facilitate studies on the physiology of testicular
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testosterone secretion. Direct radioimmunoassays
for testosterone have been successfully applied to
unextracted plasma of rams (Garnier et al, 1978)
and cocks (Driot et al, 1978).

This paper reports the development and valida-
tion of a direct double antibody radioimmunoas-
say for serum testosterone and its application to
five mammalian species.

Materials and Methods

Reagents

Reagents for phosphate buffered saline (PBS), phos-
phate buffered saline with gelatin (gel PBS), and testos-
terone was obtained from Sigma Chemical Co. (St.
Louis, Missouri); and [1,2,6,7,16,17-3H(N)]-testosterone
(135 Ci/mmol) was obtained from New England Nuclear
(Boston, Massachusetts). Testosterone antiserum
(X-181) that had been prepared in a rabbit immunized
against a bovine serum albumin 19-0-carboxymethyl
ether derivative of testosterone (Rao et al, 1978) was
provided by Dr. P. N. Rao (Southwest Foundation for
Research and Education, San Antonio, Texas). Mature
rams, immunized with purified rabbit gamma globulin,
provided a suitable second antibody (Vaitukaitis et al,
1971). Charcoal-treated normal rabbit serum was used
as a source of excess rabbit gamma globulin.

Direct Radioimmunoassay

With minor exceptions, this assay is similar to that
described for serum progesterone (Schanbacher, 1979a).
Duplicate 100 ul aliquots of serum were drawn with an
automated sampling pump (Micromedic Systems, Inc.,
Horsham, Pennsylvania) and were dispensed into 5-ml
glass mini-vials (Brockway Glass, Chicago, Illinois)
with 400 ul of X-181 testosterone antibody (1:8000)
diluted in gel PBS and containing 0.75% normal rab-
bit serum. Immediately thereafter, 3H-testosterone
(~12,000 cpm, 100 ul) was added with a Micromedic
23000 Dispenser. The assay was then incubated over-
night at room temperature. Thereafter, 100 ul of second
antibody (ARGG serum diluted 1:9, vlv, in PBS) was
added to each vial and incubated overnight at room
temperature. The precipitate, containing bound
tritiated testosterone, was washed by diluting with 2 ml
of cold PBS and centrifuging at 800 X g for 20 minutes.
The supernatant was decanted, and the pellet was re-
suspended in 3 ml of 10% aqueous Scint-A liquid scin-
tillation cocktail (Packard Instrument Co., Inc., Dow-
ners Grove, Illinois) and was counted in a Packard lig-
uid scintillation spectrometer.

Conventional Radioimmunoassay

This procedure is similar to that reported previously
(Schanbacher and Crouse, 1981). The utilization of
an antibody specific for testosterone has eliminated the
necessity for chromatography even when serum con-
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centrations of 5a-dihydrotestosterone are appreciable.
In brief, 100-ul aliquots of serum were extracted with 5
ml of anhydrous diethyl ether. The extracts were dried
in 12 X 75 mm assay tubes under nitrogen and resus-
pended in gel PBS. To these tubes and standards were
added 400 ul of testosterone antibody, diluted (1:8000)
as described for direct assay use but without normal
rabbit serum. Thereafter, 100 ul of 3H-testosterone
(~12,000 cpm) were added. Following overnight incu-
bation at 4 C, free and bound testosterone were sepa-
rated by addition of 100 ul of dextran-treated charcoal in
PBS. After centrifugation, the supernatant was trans-
ferred to scintillation counting vials with 10 ml of
Scint-A. Radioactivity was determined as described
above for direct radioimmunoassay.

A program for the logit transformation of B/Bo and
logarithm of testosterone mass was used to determine
hormone concentrations in both assays.

Serum Samples for Assay Validation

Blood was drawn from intact and castrate rams, bulls,
dogs, rats, and male and female human subjects. All
samples were taken by venipuncture and were allowed
to clot at 4 C overnight. Serum was obtained after cen-
trifugation and stored at —20 C until assayed.

Hypothalamic Control of Testosterone Secretion in
Bull, Ram, and Rat

Secretory profiles of luteinizing hormone (LH) and
testosterone were determined during a 14-hour inten-
sive bleed for one mature bull injected with normal
saline and for another mature bull injected (intrave-
nously) every 4 hours with 1000 ng of LHRH. Bovine LH
was determined by double antibody radioimmunoassay
as described previously (Schanbacher, 1979b, 1981).

Four sexually mature ram lambs actively immunized
eight weeks earlier against an LHRH-human serum al-
bumin conjugate were challenged with synthetic LHRH
(450 ng intravenously). Single blood samples were taken
by jugular venipuncture from each of the eight lambs
immediately before the LHRH injection and again at 30,
60, and 90 minutes after injection. Responses of LH and
testosterone were determined from the serum which
had been collected. Ovine LH was determined by dou-
ble radioimmunoassay as described previously (Schan-
bacher, 1980).

Ten mature male rats weighing between 275and 325 g
were randomly assigned to one of two groups (n = 5)
and injected subcutaneously with either 2 ml of undi-
luted sterile anti-BSA serum (Group I) or 2 ml of undi-
luted sterile anti-LHRH serum (Group II). Blood sam-
ples (600 ul) were collected from each of the 10 rats by
cardiac puncture following ether anesthesia at 1, 3, 24,
and 72 hour and at ten days after injection. Blood was
centrifuged the morning after collection and serum tes-
tosterone concentrations were subsequently deter-
mined. The high titer antisera, which were taken from
the lambs mentioned in the preceding paragraph and
injected into rats, have been described in greater detail
elsewhere (Schanbacher, in press).
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Results
Validation of Direct Radioimmunoassay

Standard curves over the range of 0 to 2 ng were
not different when testosterone was added to gel
PBS or to charcoal-treated castrate ram serum.
Therefore, testosterone standard curves were sub-
sequently made up in gel PBS. Figure 1 shows a
representative standard curve and parallel inhibi-
tion curves constructed from the assay of different
volumes (25—200 ul) of serum pools from intact
males of five different species. Nonspecific bind-
ing of *H-testosterone in this double antibody
radioimmunoassay procedure (ie, in the absence
of primary antibody) has ranged between 2.5 and
6.5% of total counts added. Assay sensitivity was
10 pg or 100 pg/ml when 100-ul sample volumes
were assayed.

The assay was specific for testosterone. The low
crossreactivities reported for potentially interfer-
ing steroids to this antibody (Rao et al, 1978) have
been confirmed in our laboratory. Specificity
combined with low blood levels of 19-hydroxy-
testosterone (28.7% crossreactivity), 5a-dihydro-
testosterone (7.2% crossreactivity), and andro-
stenedione (2.0% crossreactivity) make the direct
double antibody radioimmunoassay procedure
possible. Procedural losses were nonexistent, ie,
recoveries were 100%, because the samples were
neither extracted, chromatographed nor transferred.

The direct radioimmunoassay procedure was
both accurate and precise (Table 1). Increasing
amounts of testosterone can be measured accu-
rately when added to castrate ram serum. The
coefficients of variation were between 5 and 10%
for pools of sera from intact males (>1 ng of
testosterone/ml) but were increased appreciably
when serum testosterone concentrations were low.

Comparisons of Serum Testosterone Determined by
Direct and Conventional Radioimmunoassays

In addition to the validation criteria presented
above, values were determined by both direct and
conventional radioimmunoassays for a variety of
serum samples which contained markedly differ-
ent testosterone concentrations. Serum testoster-
one concentrations were similar to those reported
in the literature for intact and castrate samples
from ram, bull, dog, rat and human. Whereas
these assays are best suited for measuring the
higher testosterone concentrations found in intact
males, the low concentrations found in castrate
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males are easily distinguished from those of intact
males. Data presented in Table 2 show good
agreement (r > .98, P < 0.01) between the values
obtained by the direct double antibody radioim-
munoassay procedure and the conventional
radioimmunoassay which involves extraction and
the use of dextran-treated charcoal to separate
bound and free hormone. Testosterone concentra-
tions observed for conventional assay were lower
(P < 0.01, paired t test) than those obtained by
direct determination. This finding is related to
procedural losses inherent in conventional tech-
niques (eg, extraction efficiencies, for which cor-
rections were not made, ranged between 89-95%).
The direct assay provides a logical alternative to
the potentially hazardous and time-consuming
extraction assays; however, the most important
advantages of direct radioimmunoassay are sim-
plicity and cost efficiency. Without extraction and
sample transfer, investment of technician time is
markedly reduced. Furthermore, elimination of
expensive extracting solvents and extra glassware
and reduction in volumes of liquid scintillation
cocktails allow assay costs to be lowered signifi-
cantly.

Application of Direct Radioimmunoassay to the
Study of Hypothalamic Control of Testosterone
Secretion

Testosterone secretion during a 14 hour sam-
pling period of a sexually mature bull showed one
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Fig. 1. Testosterone standard curve (@) and inhibition
curves produced by serum of rat, bull, dog, ram, and man.
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TABLE 1. Accuracy* and Precision Data for Direct Radioimmunoassay

ng Testosterone  ng Testosterone Intra-assay Interassay

Sample added/100 ul measured/100 ul C.V. (%)t C.V. (%)%
Castrate ram 0 0.03 29.4 32.0
0.5 0.55 9.3 10.8
1 1.09 5.7 5.9
2 1.94 6.1 5.0
Ram 0 0.42 4.2 4.6
Bull 0 0.24 7.2 6.7
Man 0 0.63 9.1 79
Dog 0 0.19 9.2 9.0
Rat 0 0.31 6.2 5.8

* Accuracy was assessed by adding known amounts of testosterone to castrate ram
serum and measuring the concentrations within these samples. Paired t analysis showed
no significant difference between the amounts of testosterone measured and the amounts
added (r = 0.99).

t C.V. = coefficient of variation based on six determinations.
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t C.V. = coefficient of variation based on results of three to five assays.

major peak which followed an LH peak by 60
minutes (Fig. 2). Two minor testosterone peaks
could not be temporally associated with LH peaks.
Another bull that had been injected intravenously
with LHRH (1000 ng) at 4-hour intervals was
characterized by regular episodic peaks of LH and

testosterone. Peak testosterone values were ob-
served at 40 or 60 minutes after the peak of LH and
these were similar in magnitude to the spontane-
ous LH-testosterone peaks observed at 1600 hours
in the control bull.

Testosterone and LH responses to LHRH chal-

TABLE 2. Comparison of Serum Testosterone Concentrations (ng/ml) Determined
by Conventional and Direct Radioimmunoassays

Intact Castrate
Species Conventional* Directt Conventional* Directt
Ram 8.28% 9.68 0.12 <0.10
12.84 13.32 0.31 0.40
1.7 1.52 0.27 0.22
2.36 2.49 < 0.10§ < 0.10§
Bull 1.72 1.79 0.44 0.24
243 2.82 0.19 0.16
6.51 6.35 0.20 017
294 3.10 — —
Dog 3.70 3.98 0.21 0.25
264 2.47 0.40 0.44
117 1.22 0.39 0.57
125 1.61 — —_
Rat 3.15 3.66 0.39 0.45
6.22 5.38 < 0.10 < 0.10
1.08 1.40 0.17 0.21
199 1.77 — —
276 3.52 —_ —_
Male Female
Human 12.30 15.05 0.32 0.67
278 2.80 0.21 0.45
265 3.02 0.19 0.24
7.15 6.45 — —
10.36 11.70 — —
112 1.42 — —

* Values determined by conventional radioimmunoassay following serum extraction

with diethyl ether.

1 Values determined by double antibody radioimmunoassay on unextracted serum

samples.

1 Values from representative individuals.

§ Charcoal-treated castrate pool.
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lenge (450 ng intravenously) in BSA and LHRH-
immunized ram lambs are shown in Fig. 3. Con-
centrations of LH in serum of BSA-immunized
lambs peaked between 8 and 12 ng/ml at 30 min-
" utes after injection, whereas testosterone concen-
trations continued to increase between 30 and 90
minutes. Lambs immunized against LHRH had
low to nondetectable serum concentrations of LH
and testosterone at the time of LHRH challenge
and failed to respond during the 90 minute
bleeding period.

The subcutaneous injection of 2 ml of anti-
LHRH serum into mature male rats caused a sub-
stantial reduction in serum testosterone at 3 hour
which persisted through 72 hours (Fig. 4). Testos-
terone concentrations had returned to normal by
10 days post-treatment. Injection of 2 ml of anti-
BSA serum had no effect on serum testosterone.

Discussion

Although numerous radioimmunoassay proce-
dures have been described for measurement of
testosterone concentrations in blood, most require
steroid extraction prior to assay. The results of the
present study, and those of Garnier et al (1978) and
Driot et al (1978) indicate that testosterone con-
centrations can be accurately measured in unex-
tracted serum or plasma using tritium labeled
ligand and double antibody precipitation tech-
niques. We advocate the use of glass in place of
polypropylene reaction vials used previously
(Schanbacher, 1979a) because of the steroid ab-
sorbing properties of polypropylene.

Fig. 2. Serum LH (O) and tes-
tosterone (@) concentrations
during a 14-hour sampling pe-
riod of a mature bull (top panel)
and of another mature bull in-
jected intravenously every 4
hours with 1000 ng of LHRH
(bottom panel).

SERUM LH (ng/ml)
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Use of a highly specific antiserum for testoster-
one and application of the double antibody pre-
cipitation technique for separation of free and
bound steroid contribute most to the success and
validity of the direct radioimmunoassay. Expen-
sive and potentially hazardous organic extraction
solvents are removed from the laboratory and the
output of the radioimmunoassay laboratory can be
increased appreciably. The assay described herein
accurately estimates the concentration of testos-
terone in unextracted sera of ram, bull, dog, rat,
and man. This conclusion is supported by parallel
inhibition curves between testosterone standards
and increasing volumes of male serum. Additional
evidence which supports the general application
of direct radioimmunoassay for serum testoster-
one is shown in Table 2 wherein values obtained
for individual serum samples by direct radioim-
munoassay compare favorably with values ob-
tained by a previously validated conventional
radioimmunoassay.

Testosterone concentrations in blood are not
constant but fluctuate dramatically throughout the
day in ram (Lincoln, 1976; Schanbacher and Ford,
1976), bull (Katongole et al, 1971), dog (De Palatis
et al, 1978), rat (Bartke et al, 1973), and man (Judd,
1979). These fluctuations are thought to result
from episodic LH secretion which in turn is con-
trolled by the hypothalamus. This interpretation is
based on the episodic nature of LHRH secretion
into hypophysial portal blood (Carmel et al, 1976)
and the episodic nature of LH secretion from the
pituitary (Nankin and Troen, 1971; Lincoln, 1976;

a [ ]
(w/Bu) 3INONILSOLSIL WNY3S

1400
TIME




SERUM LH (ng/ml)

(lw/6u) 3NOY3LSOLSIL WNY3S

0O 3 60 9%

O 30 60 9%

Fig. 3. Serum LH (O) and testosterone (®) concentrations
following LHRH challenge (450 ng intravenously) at time zero
in four ram lambs (A, B, C, and D) previously immunized
against bovine serum albumin and in four ram lambs (W, X, Y,
and Z) previously immunized against a LHRH-albumin conju-
gate.

Schanbacher, 1981). The similarity of LH and tes-
tosterone secretory responses of a bull injected in-
travenously with synthetic LHRH and those pat-
terns of LH and testosterone secretion that occur
naturally in bulls supports the concept that the

SERUM TESTOSTERONE (ng/ml)
»
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hypothalamus controls the pattern of testicular
hormone secretion (Lincoln, 1978).

Active immunization of ram lambs against
LHRH resulted in decreased LH and testosterone
secretion and also prevented the testes from re-
sponding to exogenous LHRH administration.
Similar findings in intact males immunized
against LHRH have been reported previously
(Arimura et al, 1973; Frazer et al, 1974; Schan-
bacher, in press). In intact male rats, adminstra-
tion of ovine serum containing LHRH antibodies
reduced serum testosterone concentrations to low
values (~0.6 ng/ml) after 24 hours. Analogous re-
sults have been reported in rats injected with rab-
bit serum containing LHRH antibodies (Hauger et
al, 1977) and in mature rams injected with ovine
serum containing LHRH antibodies (Lincoln and
Frazer, 1979).

These investigations lead us to conclude that
testosterone secretion from the mammalian testis
is largely regulated by inputs from the hypo-
thalamus via the pituitary, and that synthetic
LHRH and LHRH antisera are powerful tools for
studying the hypothalamo-pituitary-gonadal axis.
The simplicity of direct double antibody radio-
immunoassay for serum testosterone can facilitate
these investigations.
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