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Production of Highly Specific Anti-testosterone Antiserum by an Immunotolerance Method
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Anti-testosterone antisera were produced by pretreatment of rabbits with 15x-carboxymethyl-Sa-dihydro-
testosterone linked to a copolymer of D-glutamic acid and D-lysine (D-GL) before immunization with the bovine serum
albumin conjugate of 15a- and 15p-carboxymethyltestosterone. The specificity for Sa-dihydrotestosterone of the anti-

testosterone antisera was considerably improved.
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Intreduction

Since the successful production of anti-steroid antiserum
by Erlanger et al.," research has been directed towards
obtaining highly specific antibodies. The specificity of an
antibody is affected by the chemical form of the bridge
group through which the steroid is attached to the carrier
protein and by the binding site on the steroid which is
attached to the carrier protein. Accordingly, it is important
to choose an appropriate chemical form of the bridge group
and an appropriate binding site in order to produce highly
specific antiserum.

In radioimmunoassay of testosterone, anti-testosterone
antiserum is required to have low or no cross-reactivity
with Sa-dihydrotestosterone (5a-DHT) and C-21 steroids
coexisting with testosterone in blood, because testosterone
level can be grossly overestimated as a consequence of
minor cross-reactions with 5¢-DHT and C-21 steroids.” In
our previous paper,’’ we obtained anti-testosterone antisera
(anti-15«- and 158-CMT antisera) with low cross-reactivity
for C-21 steroids and little cross-reactivity for Sa-DHT by
immunization with the bovine serum albumin (BSA) con-
jugate of 15a- and 158-carboxymethyltestosterone (15a- and
158-CMT), respectively. The result revealed that the 15-
carboxymethyl group is an appropriate bridge group for
production of highly specific anti-testosterone antiserum.

On the other hand, Tateishi et al.*’ developed an immuni-
zation procedure for production of anti-testosterone anti-
serum with low cross-redctivity for Sa-DHT by the method
reported by Hamaoka er al.>) The procedure involved the
inactivation of cross-reacting antibody-forming precursor
cells by pretreatment with Sa-DHT linked to a copolymer of
D-glutamic acid and D-lysine (D-GL) followed by immu-
nization with testosterone conjugated to carrier protein
(pretreatment method). Namely, when 158-carboxyethyl-
mercaptotestosterone (158-CET)-keyhole limpet hemocy-
anin conjugate as an.immunogen and 15f-carboxyeth-
ylmercapto-5«-dihydrotestosterone D-GL conjugate as a
tolerogen were used, anti-testosterone antiserum showed
the lowest cross-reactivity (0.49%) for 5¢-DHT among
anti-testosterone antisera so far obtained, but somewhat
higher cross-reaction with C-21 steroids such as proges-
terone (19.3%), deoxycorticosterone (2.8%;) and cortico-
sterone (2.9%,), which presented a serious problem for de-
termination of testosterone in female human serum. The
pretreament method was further tested by Dupret et al.®
with a view to improving the specificity (i.e., reducing the
cross-reactivity with 5a-DHT) of anti-testosterone anti-
serum and it was revealed that a strong immunotolerance to
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the hapten structure can be induced.

Accordingly, the specificities of anti-15a- and 15-CMT
antisera are expected to be enhanced by the application of
the pretreatment method. The present paper deals with the
specificity of anti-15¢- and 158-CMT antisera produced
with 15x- and 158-CMT-BSA conjugates by the pretreat-
ment method.

Materials and Method

All melting points are uncorrected. Proton nuclear magnetic resonance
(*H-NMR) spectra were recorded on a JNM PS 100 spectrometer, with
tetramethylsilane as an internal standard. Infrared (IR) spectra were
recorded on a JASCO IRA-1 spectrometer. Optical rotations were de-
termined with a JASCO DIP-SL automatic polarimeter at 20°C.
Elemental analysis were performed by the staff of the microanalytical
section of Kyushu University.

Reagents: D-Glutamic acid and p-lysine copolymer (D-GL) was as a gift
from Daiichi Radioisotope Laboratories (Tokyo, Japan). 15«- and 158-
CMT-BSA conjugates® which had been prepared by us were used.
Freund’s complete adjuvant was purchased from Difco Laboratories
(Detroit, MI). [lx,2a->H(n)] Testosterone, 1.8 TBq/mmol, was purchased
from New England Nuclear. All unlabeled steroids were purchased from
Steraloids, Inc. (Wilton, NH) and other reagents from Wako Pure
Chemical Industries (Osaka, Japan).

Preparation of 15x-Carboxymethyl-17g-hydroxy-5x-androstan-3-one
(5a-DHT-15-CM) Preparation of 5¢-DHT-15-CM is shown in Chart 1.

Na CH(COOEt),

1) NaBH,
2) 1N HCI

1) NaOH
2)decarboxylation
by heating

OH

“CH,COOH

" ~a

5a-DHT-15-CM

Chart 1. Preparation of
(5¢-DHT-15-CM)

15a-Carboxymethyl-5a-dihydrotestosterone

© 1990 Pharmaceutical Society of Japan

NII-Electronic Library Service



January 1990

15-Bis(ethoxycarbonyl)methyl-5a-androstane-3,17-dione (2), obtained
by reaction of Sa-androst-15-en-3,17-dione (1) with 1.5 mol equivalent of
sodium diethyl malonate, was protected with dimethyl ketal to give the
3,3’-dimethoxy derivative (3). Reduction of 3 with sodium borohydride
gave the 17p-hydroxy derivative (4). Decarboxylation of 4 led to the
desired 5¢-DHT-15-CM.

The stereochemistry of the C-15 substituent in 5¢-DHT-15-CM is
assigned as a based on molecular rotation analysis. The [M], value
(+258°) of 5Sa-DHT-15-CM revealed a dextrorotatory shift compared
with that (+96°) of 178-hydroxy-5-androstan-3-one. It is known that in a
comparison of a 15-substituted steroid with the corresponding unsub-
stituted steroid, the 15f8-substituent shows a large levorotatory shift, while
the 15a-substituent shows a dextrorotatory shift. These findings were
utilized in determination of the configuration at the C-15 position of 17-
hydroxy steroids,” and 17-oxo steroids.®’

The starting compound (1) was prepared according to the procedure of
Rao er al.® and recrystallized from MeOH. mp 145°C. IR (Nujol): 1710,
1720 (C=0)cm™~'. 'H-NMR (CDCl,) é: 1.08 (6H, s, 18-Me and 19-Me),
6.03 (1H, dd, J=4, 5Hz, 15-H), 7.47 (1H, dd, J=2, 5Hz, 16-H). Anal.
Caled for C,oH,,0,: C, 79.68; H, 9.15. Found: C, 79.44; H, 9.01.

15-Bis(ethoxycarbonyl)methyl-5x-androstan-3,17-dione (2) Diethyl mal-
onate (8.43g, 52mmol) was added dropwise to a suspension of NaH
(1.26g, 52mmol) in tetrahydrofuran (THF) (40 ml). A solution of 1
(10.1 g, 35 mmol) in THF (80 ml) was added, and the reaction mixture was
stirred for 3h at room temperature, then neutralized with acetic acid,
poured into ice-water (1000 ml) and extracted with ethyl acetate. The ethyl
acetate layer was washed with water, dried over Na,SO, and evaporated in
vacuo to give an oil. The oil was chromatographed on silica gel and elut-
ed with ethyl acetate to give 2 (7.9g, 50%), which was recrystallized
from diethyl ether —n-hexane as colorless columns. mp 105 °C. [a], +66.1°
(¢=0.97, CHCl,). IR (Nujol): 1740 (C=0O)cm™'. 'H-NMR (CDCl,) é:
0.97 (3H, s, 18-Me), 1.04 (3H, s, 19-Me), 1.25 (6H, t, J=8Hz,
-CH(COOCH,CH,),), 3.87 (1H, d, J=4Hz, ~-CH(COOEt),), 4.18 and
4.19 (4H, q, J=8 Hz, -CH(COOCH,CH,),). Anal. Caled for C,¢H;30s:
C, 69.93; H, 8.58. Found: C, 69.74; H, 8.53.

15-Bis(ethoxycarbonyl)methyl-3,3’-dimethoxy-5x-androstan-17-one (3)
p-Toluenesulfonic acid (27.2 mg) was added to a solution (130ml) of 2 (3 g,
6.7mmol) in dry MeOH. The mixture was stirred for 20h at room
temperature, neutralized with methanolic NaOH and evaporated in vacuo.
The residual solid was dissolved in ethyl acetate (500 ml), washed with
water and dried over Na,SO,. The ethyl acetate was evaporated in vacuo
to give crude 3 (3.23g, 989%), which was used for the following step
without further purification. IR (Nujol): 1740 (C=0)cm™'. 'H-NMR
(CDCl;) o: 0.80 (3H, s, 18-Me), 0.94 (3H, s, 19-Me), 1.25 (6H, t,
J=8Hz, -CH(COOCH,CH,;),), 3.12 and 3.17 (6H, s, -C(OCH,),) 3.89
(IH, d, J=4Hz, -CH(COOEt),), 4.16 and 4.20 (4H, q, J=8Hz,
-CH(COOCH,CH,),).

15-Bis(ethoxycarbonyl)methyl-17f-hydroxy-5«-androstan-3-one (4) A
solution of 3 (3.2 g) in dry EtOH (100 ml) was added dropwise to a stirred
solution of sodium borohydride (0.55g) in dry EtOH (65ml) and the
mixture was stirred for 7h at 0°C. Excess sodium borohydride was
decomposed by addition of 1N HCI. The solution was poured into ice-
water and extracted with ethyl acetate. The organic solution was washed
with water, dried over Na,SO, and concentrated to about 40 ml in vacuo.
To the concentrate was added 1 N HCI (40 ml), and the mixture was stirred
for 2h at room temperature. The ethyl acetate layer was washed with
water, dried over Na,SO, and evaporated in vacuo to give 4 (1.71 g, 63%),
which was recrystallized from diethyl ether ~n-hexane as colorless needles.
mp 113°C. o, +66.1° (¢=1.05, EtOH). IR (Nujol): 3440 (OH), 1720 and
1740 (C=0)cm~'. 'H-NMR (CDCl,) 6: 0.82 (3H, s, 18-Me), 1.04 (3H, s,
19-Me), 1.25 and 1.27 (6H, t, J=8 Hz, -CH(COOCH,CH};),), 1.74 (1H, s,
—-OH), 3.67 (1H, t, J=8 Hz, 17a-H), 3.68 (1H, d, /=4 Hz, -CH(COOEt),),
4.14 and 4.21 (4H, q, J=6Hz, -CH(COOCH,CH,),). 4nal. Calcd for
Cy6H4006: C, 69.61; H, 8.99. Found: C, 69.26; H, 8.95.

15a-Carboxymethyl-178-hydroxy-5a-androstan-3-one (5a-DHT-15-CM)
A solution of 4 (617mg) in distilled EtOH was treated with 1 N NaOH
(2.0ml). The mixture was stirred for 4 h at room temperature, neutralized
with 1 N HCl and extracted with ethyl acetate. The ethyl acetate layer was
washed with water and dried over Na,SO,. After removal of the solvent,
the residual solid was dissolved in nitrobenzene (30 ml) and heated for
1.5h at 145°C. Nitrogen gas was bubbled through the solution during the
heating. After removal of the solvent in vacuo, the residual oil was
chromatographed on silica gel and eluted with CHCI,-EtOH (98:2) to
give an oil. This oil was dissolved in dioxane (8 ml), 1 N NaOH (2.63ml)
was added, and the mixture was stirred for 6 h at room temperature. The
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mixture was adjusted to pH 3 with I N HCI and extracted with ethyl
acetate. Th ethyl acetate layer was washed with water and dried over
Na,SO,. After removal of the solvent, the residue was chromatographed
on silica gel and eluted with CHCI,—EtOH (95: 5) to give Sa-DHT-15-CM
(256 mg, 559%) which was recrystallized from MeOH as columns. mp
231°C. [a]p +74.2° (¢=0.6, EtOH). IR (Nujol): 3360 (OH), 1710 and 1720
(C=0)cm™!'. '"H-NMR (CDCl,) é: 0.80 (3H, s, 18-Me), 1.08 (3H, s, 19-
Me), 3.56 (1H, t, J=8 Hz, 17a-H). 4nal. Calcd for C,,H;,0,: C, 72.38; H,
9.26. Found: C, 72.27; H, 9.26.

Preparation of D-GL Conjugates Preparation of 5¢-DHT-15-CM and
15«¢-CMT coupled to p-GL copolymers was done according to the mixed
anhydride method described by Erlanger et al.!

Immunization Procedures and Collection of Antisera Six groups of
female New Zealand white rabbits, with 3 animals per group, received a
primary immunization subcutaneously at multiple sites along the back
with 1 mg of the 15a-CMT-BSA conjugate (groups 1, 2 and 3) or 158-
CMT-BSA conjugate (groups 4, 5 and 6) emulsified with complete
Freund’s adjuvant. Groups 1—3 and 4—6 were boosted with 0.5 mg of
15a- and 158-CMT-BSA, respectively, emulsified with complete Freund’s
adjuvant every 4 weeks. Groups 2 and 3 were pretreated with single
intraperitoneal injections (i.p.) of 5mg of 5a-DHT-15-CM-D-GL and 15a-
CMT-D-GL, respectively, in saline 3d before the primary immunization
with 15a-CMT-BSA. Groups 5 and 6 were pretreated with single i.p.
injections of 5a-DHT-15-CM-D-GL and 15¢-CMT-D-GL, respectively, in
saline 3d before the primary immunization with 158-CMT-BSA. Groups
1 and 4 received saline without the D-GL conjugate 3d before primary
immunization. Blood was collected 3 months after the primary immuni-
zation and centrifuged at 2500 rpm for 10m.

Assay Procedure All dilutions of the standard, labeled antigen and
antiserum were prepared with 0.1 M borate buffer (pH 8.0) containing 0.1%
gelatin, 0.99 NaCl and 0.01% NaN,. [*H]Testosterone (20000 dpm, ca.
45pg) (0.1 ml) and diluted antiserum (0.1 ml) were added to a series of
standard solutions (0.2 ml) and the mixtures were incubated for 2 h at room
temperature. After addition of dextran-coated charcoal containing gelatin
(0.5 ml) (dextran 0.05%, charcoal 0.5, gelatin 0.1%,), the suspension was
vortex-mixed, allowed to stand at 4°C for 10 m, and then centrifuged for
30m at 2500rpm. The radioactivity in the supernatant (0.5ml) was
measured with a Aloka ES-700 liquid scintillation spectrometer.

Results and Discussion

A titer of each antiserum obtained was tested at various
dilutions to determine thc 509, binding level. The rabbits
(groups 1 and 4) treated with saline, which was free from
5a-DHT-15-CM-D-GL, and the rabbits (groups 2 and 5)
treated with 5a-DHT-15-CM-D-GL 3d before primary
immunization had detectable titers of anti-testosterone
antisera, but the rabbits (groups 3 and 6) treated with 15«-
CMT-D-GL 3 d before primary immunization did not. The

TaBLE 1. Titers of Anti-15x- and 158-CMT Antisera
Antiserum  Group Treatment Rabit No. Titer
Anti-152-CMT 1| Saline 13 1: 9800
antiserum 14 1: 12000
15 1:22000
2 5¢-DHT-15-CM-p-GL 16 1: 6400
17 1: 4100
18 1: 7200
3 15-CMT-b-GL 19—21 Not detectable
Anti-158-CMT 4 Saline 22 1:21000
antiserum 23 1 : 14000
24 1: 10000
5  5a-DHT-15-CM-p-GL 25 1: 3700
26 1: 6400
27 1: 6400

6 15¢-CMT-b-GL 28—30 Not detectable

Titers are expressed as the reciprocal of the dilution of antisera binding 509 of
added [*Hltestosterone (ca. 20000 dpm). Abbreviations for steroids: 15x- and 156-
CMT are 15«- and 15f8-carboxymethyltestosterone, respectively. Sa-DHT-15-CM-b-
GL is 15p-carboxymethyl-5a-dihydrotestosterone linked to a copolymer of D-
glutamic acid and p-lysine.
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TasLe II. Percentage Cross-Reactivity of Anti-15¢-CMT Antisera
. Group 1 Group 2

Steroid No. 13 No. 14 No. 15 No. 16 No. 17 No. 18
Testosterone 100.00 100.00 100.00 100.00 100.00 100.00
5a-Dihydrotestosterone 426 398 765 0.73 1.01 137
5p-Dihydrotestosterone 040 023 035 027 043 022
4-Androstene-34,178-diol  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sa-Androstane-38,178-diol <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
4-Androstene-3,17-dione 069 0.64 078 077 0.77 052
11-Hydroxytestosterone ~ <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Progesterone 044 040 052 045 034 040
Deoxycorticosterone 0.74 043 047 059 071 030
Cortisol <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Corticosterone 003 0.02 002 003 003 001
Estrone <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Estradiol <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
TaBLE III. Percentage Cross-Reactivity of Anti-158-CMT Antisera

: Group 4 Group 5

Steroid No. 22 No. 23 No. 24 No. 25 No. 26 No. 27
Testosterone 100.00 100.00 100.00 100.00 100.00 100.00
Sa-Dihydrotestosterone 6.60 691 305 057 127 083
5p8-Dihydrotestosterone 055 031 046 052 033 021
4-Androstene-38,178-diol  <0.01 <0.01 <0.01 <0.0l <0.01 <0.01
5a-Androstane-3f,17-diol <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
4-Androstene-3,17-dione 0.77 0.82 0.68 080 068 0.68
118-Hydroxytestosterone  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Progesterone 048 021 045 037 049 0.51
Deoxycorticosterone 040 073 020 0.5 053 020
Cortisol <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Corticosterone 0.06 0.03 002 002 0.02 004
Estrone <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Estradiol <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

titers are shown in Table L.

The specificity of the resulting antisera was evaluated by
ascertaining the ability of various related steroid to com-
pete with [*H]testosterone for binding to the antibody. The
cross-reaction of antiserum was determined using the
method of Abraham'® and the data are shown in Tables
IT and III.

The anti-15a-antiserum produced without pretreatment
(group 1) showed a range of 4.26—7.65), (mean 5.30+
1.67%) cross-reaction with 5¢-DHT, and other steroids
that showed low cross-reaction included progesterone
(0.40—0.52%,), deoxycorticosterone (0.43—0.74%;), corti-
costerone (0.02—0.03%,) and androstenedione (0.64—
0.78%). On the other hand, the anti-15a-CMT antiserum
produced by pretreatment with 5a-DHT-15-CM-D-GL
(group 2) showed a range of 0.73—1.379, (mean
1.04+0.26%,) cross-reaction with 5a-DHT, and other ster-
oids that showed low cross-reaction included progesteron
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(0.34—0.459%;), deoxycorticosterone (0.30—0.71%;), corti-
costerone (0.01—0.03%) and androstenedione (0.52—
0.77%,). The anti-15p-antiserum produced without pretreat-
ment (group 4) showed a range of 3.05—6.919, (mean
5.52 +1.75%) cross-reaction with S¢-DHT, and other ster-
oids that showed low cross-reaction included progesterone
(0.21—0.48%,), deoxycorticosterone (0.20—0.739%), corti-
costerone (0.02—0.06%) and androstenedione (0.68—
0.82%).

On the other hand, the anti-15-CMT antiserum pro-
duced by pretreatment with 5a-DHT-15-CM-D-GL (group
5) showed a range of 0.57—1.27% (mean 0.89+0.29%)
cross-reaction with 5¢-DHT, and other steroids that show-
ed low cross-reaction included progesterone (0.37—0.51
%), deoxycorticosterone (0.20—0.59%(), corticosterone
(0.02—0.04%) and androstenedione (0.68—0.80%;).

The cross-reactivity with Sa-DHT (mean 1.04+0.26%)
of anti-15a-CMT antiserum produced by pretreatment with
5¢-DHT-15-CM-D-GL was lower than that (mean 5.30 +
1.679%) of anti-15¢-CMT antiserum produced without
pretreatment. The cross-reactivity with S5a-DHT (mean
0.89+0.29%) of anti-15-CMT antiserum produced by
pretreatment with Sa-DHT-15-CM-D-GL was also lower
than that (mean 5.5241.75%) of anti-158-CMT anti-
serum produced without pretreatment. Accordingly, pre-
treatment with Sa-DHT-15-CM-D-GL conjugate was quite
effective in suppressing selectively the production of anti-
body to Sa-DHT. On the other hand, each anti-15a-CMT
and anti-158-CMT antiserum prepared by the pretreatment
method showed high specificity for C-21 steroids, and the
specificities were similar to those of the respective antisera
obtained without pretreatment.
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