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A test system is described, which allows the search for compounds interfering with human 
sex hormone-binding globulin (SH BG ) even in complex plant extracts. The method has been  
evaluated and applied to Urtica dioica root extracts. The lignan secoisolariciresinol (5) as 
well as a mixture of isomeric (11 £)-9,10,13-trihydroxy-l 1-octadecenoic and (10£ )-9 ,12,13- 
trihydroxy-10-octadecenoic acids (3 and 4, resp.) were demonstrated to reduce binding ac­
tivity of human SHBG. Methylation of the mixture of 3 and 4 increased its activity about
10-fold.

Introduction

Sex hormone-binding globulin (SHBG) is a 
serum protein, which binds androgens and (some­
what less effectively) estrogens in plasma reversi- 
bly and with high affinity (Petra, 1991; Rosner, 
1991). In a series of experiments Rosner and co­
workers provided evidence for SHBG to play a 
role in cell activity regulation of prostate cells 
(Hryb et al., 1985; Hryb et al., 1990; Nakhla et al., 
1990; Rosner et al., 1991; Plymate et al., 1991; 
Rosner et al., 1992; Nakhla et al., 1994).

Since U. dioica root extracts are successfully 
applied in the treatment of early stages of BPH 
(Dathe and Schmid, 1987), the positive effects of 
this drug in BPH could (at least in part) be based 
on the action of compounds interfering with 
SHBG. In this paper we describe the evaluation of 
a test system which allows the search for SHBG- 
active constituents in complex plant extracts. Then 
we applied this method to non-polar extracts of 
U. dioica roots.

Materials and Methods

Preparation o f  serum

Pooled third trimester human pregnancy serum 
was used as source for SHBG. Since human serum 
albumin (HSA) also binds sex steroids (Vermeu- 
len et al., 1971), the serum was pretreated in order

Reprint requests to Prof. Dr. G. Spiteller. 
Telefax: (0921) 552671.

to remove HSA (all the following operations were 
carried out at 4 °C and in plastic vessels): ca. 8  ml 
freshly delivered and cooled serum was centri­
fuged ( 1 0  min, 6000xg) and the supernatant ap­
plied to a Concanavalin A-Sepharose® 4B column 
(Lea, 1979). For removal of albumin the column 
was washed with buffer A (25 m M  Tris-(hydroxy- 
methyl-)aminomethane-hydrochloride (Tris-HCl),
10 m M  CaCl2, 1 m M  MgCl2, 1 m M  MnCl2, 20 n M  

radioinert 5a-dihydrotestosterone (DHT), 0.05% 
(w/v) NaN 3  in H 2 0/glycerol 9:1; pH = 7.4), until 
the albumin peak had been eluted completely 
(monitored by measurement of extinction of the 
effluent at 280 nm). Then Con A-bound globulins 
were eluted with buffer B (buffer A + 2% (w/v) 
methyl-a-D-glucoside) and precipitated with half­
saturated (NH 4 )2 S 0 4  solution (Rosner, 1972). 
Precipitated globulins were dissolved in buffer C 
(25 n M  Tris-HCl, 10 m M  CaCl2, 1.5 m M  EDTA, 
1% (w/v) bovine serum albumin (BSA) in H 2 0 /  
glycerol 9:1; pH = 7.4) to give a concentration of 
about 2.6 mg/ml human protein. This solution was 
stored at -20  °C until use. 1% (w/v) BSA was 
added to minimize non-specific adsorption of 
DHT to the walls of the assay tubes. It was dem on­
strated not to affect specific binding of DHT to 
SHBG.

Performance o f  the test

Operations were carried out at 4 °C. Immedi­
ately before use endogenous steroids were re-
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moved from serum preparations by action of ex­
cess charcoal (2 h, 4 °C; “stripping”). Incubations 
contained (in 1.5 ml polypropylene Eppendorf 
tubes) 9.66 n M  [l,2-3 H(N)]-5a-dihydrotestos- 
terone ([3 H]DHT; NEN, Dreieich, Germany, sp. 
act. 1616.9 GBq/mmol [43.7 Ci/mmol]), 46 ^ig/ml 
stripped human protein and test extracts or test 
compounds (concentrations as indicated) in a total 
volume of 95 1̂ buffer C and 5 (il dimethylsulph- 
oxide (DMSO). After 3 h at 4 °C 250 (il of a cooled 
1.0% dextran-coated charcoal (DCC) suspension 
( 1 .0 % (w/v) charcoal and 0 .1 % (w/v) dextran in 
buffer C) was added. Exactly 5 min later a centri­
fugation (15,000xg, 3 min) followed and an ali­
quot of the supernatant was transferred to a scin­
tillation vial. Finally, individual samples were 
quantified in a scintillation counter at an efficiency 
of 39%. Values were corrected for non-specific 
binding (nsb). The remaining activity of SHBG in 
test incubations (test) was determined in compari­
son to reference incubations (ref) due to the fol­
lowing equation (reference incubations underwent 
the same experimental procedures, but contained 
the pure solvent instead of a solution of test 
compounds):

remaining activity (%) =
1 0 0  x (cpmtest -  cpmnsb)/(cpmref -  cpmnsb).

Analytical methods

Melting points (m.p.): uncorr.; 'H  NMR spectra 
were recorded at 500 MHz and 13C NMR spectra 
at 125 MHz. Mass spectra were measured at 70 eV. 
TLC was carried out on silica gel sheets (0.4 mm, 
SIL G/UV 254) and prep. TLC on silica gel sheets 
(0.75 mm, PF 2 5 4 ).

Plant material

Dried and ground U. dioica roots were pro­
vided by BOOTS PHARM A GmbH, Höchstädt, 
Germany.

Work-up and screening procedure: 600 g of 
U. dioica roots were extracted x3 with 4 1 M eOH 
each (24 h, room temperature). Extracts were 
combined and the solvent removed in vacuo. The 
residue was suspended in 1000 ml H 2 0 . This sus­
pension was successively extracted with cyclohex- 
ane (CH), E t 2 0 , EtOAc and n-BuOH (500 mix
4 each -  solvent partition). Combined organic lay­

ers were washed with 200 ml H20  and evaporated 
to dryness to give CH, E t2 0 , EtOAc and /7 -BuOH 
fractions (3.6 g, 1.2 g, 1.2 g, 4.8 g, resp.). These 
fractions were subjected to appropriate column 
chromatography (CC) and prep. TLC separation. 
Each step was monitored by tests for interference 
with human SHBG (concentration of test fractions 
ranging from 0.05 to 0.5 mg/ml). Active fractions 
were separated and tested again, until the effect 
could be attributed to individual compounds. 
These were then purchased, synthesized or iso­
lated in pure form in order to further characterize 
their effect on SHBG.

Origin o f  individual compounds

2 was a generous gift from Dr. R. Kasper, Fach­
bereich Pharmazie, Freie Universität Berlin, Ger­
many.

Isolation of the mixture of isomeric 9,10,13-tri- 
hydroxy-ll-octadecenoic acids (3) and 9,12,13-tri- 
hydroxy-10-octadecenoic acids (4): 400 g dried and 
cut U. dioica roots were extracted x3 with 2.5 1 
MeOH for 48 h each time. The solvent was 
removed in vacuo, the residue (28 g) was applied 
to a chromatography column (600 g silica gel) 
and eluted with C H -E tO A c-E tO H -H O A c 
60:40:5:1. Elution was monitored by analytical 
TLC (silica gel sheets, E tO A c-H O A c 99:1). Frac­
tions containing 3 and 4 isomers (R{ = 0.12-0.18 
and 0.20-0.24, 8  isomers each) were collected and 
subjected to three successive prep. TLC separa­
tions (E tO A c-H O A c 99:1). Total yield of pure 3 
and 4 isomers: 41 mg. Spectroscopical data (IR, 
MS) corresponded with those in the literature 
(Esterbauer and Schauenstein, 1977).

Isolation of 5: 400 g dried and cut U. dioica roots 
were extracted x3 with 2.5 1 MeOH for 48 h each 
time. The crude extract was suspended in 700 ml 
H20  and extracted x5 with 300 ml EtOAc each. 
After removal of the solvent the extract (2.7 g) 
was separated by CC (150 g silica gel, C H -E tO A c 
1 :2). Three subsequent prep. TLC separations (sil­
ica gel, EtOAc) yielded 3.1 mg of pure 5 (R{ =
0.23-0.25).

M.p.: 106-109 °C; [a]^° = -13.44° (mixture of 
(+)- and (-)-enantiom ers 3:7, as [ajn? is reported 
to be -30.8 °C for ( - )-5  (Erdtman and Tsuno, 
1969) (structural formula shown in Fig. 3 is that of 
(-)-5 ); !H NMR (acetone-d6) and MS data cor­
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responded with those given in the literature 
(Andersson et al., 1975; Powell and Plattner, 1976).

8  was prepared from oleic acid via epoxidation 
with w-chloroperbenzoic acid, subsequent open­
ing of the oxirane ring with aqueous H 2 S 0 4  and 
final purification with prep. TLC (C H -E tO A c -  
HOAc 60:38:2; R { = 0.42). Melting point and 
spectroscopical data corresponded with those in 
the literature (Capella and Zorzut, 1968; 
Schmidt, 1987).

9 was synthesized from linoleic acid by oxi­
dation with 0 2/soybean lipoxygenase, subsequent 
reduction with NaBH 4  and finally purified by 
prep. TLC (Gardner, 1975). Spectroscopical data 
(IR, MS, 'H  NMR) corresponded with those in the 
literature (Hamberg, 1975; Vick and Zimmer­
man, 1976).

11 was obtained as a by-product during oxi­
dation of ß-sitosterol with sodium dichromate 
(Fieser, 1953). R< (C H -E tO A c 4:1) = 0.56; m.p. 
(EtOH): 154-156 °C; IR (CHC13: v (cm "1) = 2950, 
2850, 1705, 1460, 1440, 1380, 1360, 1260, 1150, 950; 
MS m/z (rel. int.): 414 (M+, 59), 399 (14), 271 (16), 
255 (12), 232 (48), 231 (100), 217 (24), 215 (11); 
’H NMR (CDC13, methyl protons): 6  (ppm) 0.64 
(s), 0.77 (d, J = 6 . 8  Hz), 0.79 (d, J = 6 . 8  Hz), 0.80 
(t, J = 7.4 Hz), 0.87 (d, J = 6.5 Hz), 0.97 (s); 13C 
NMR (CDCI3 ): 8  (ppm) 211.9 (C-3), 56.2 (C-17)a,
56.1 (C-14)a, 53.8 (C-9), 46.6 (C-5), 45.8 (C-24), 
44.6 (C-4), 42.5 (C-13), 39.8 (C-12), 38.5 (C-l),
38.1 (C-2), 36.1 (C-20), 35.6 (C-10)b, 35.3 (C-8 )b, 
33.8 (C-22), 31.7 (C-l), 29.1 (C-25), 28.9 (C-6 ),
28.2 (C-16), 26.0 (C-23), 24.2 (C-15), 23.0 (C-28),
21.4 (C -ll), 19.8 (C-26), 19.0 (C-27), 18.7 (C-21),
12.0 (C-18), 11.9 (C-29), 11.4 (C-19).

Results and Discussion

The described test for compounds interfering 
with human SHBG (see Materials and Methods) 
is based on methods designed for the determi­
nation of the SHBG concentration in blood 
plasma. In contrast to these methods this assay 
procedure serves to determine influences of ex­
tracts, mixtures or individual compounds on 
SHBG. Therefore we modified test systems de­
scribed by Dennis et al. (1977) and Hammond and 
Lähteenmäki (1983), resp. Briefly, methodology is

as follows: a SHBG preparation from human preg­
nancy serum is incubated together with tritium- 
labelled 5a-dihydrotestosterone (DHT) 1 and test 
extracts or test compounds.

After an appropriate incubation period (see 
Materials and Methods) dextran-coated charcoal 
(DCC) is added, which adsorbs free DHT while 
SHBG-bound DHT under appropriate conditions 
is affected only to a negligible extent. SHBG- 
bound DHT is quantified in the supernatant after 
centrifugation. Interference of extracts or individ­
ual test compounds with SHBG is indicated by re­
duction of DHT-binding to SHBG compared to 
reference incubations.

Key modifications of the test method are 1. the 
use of organic solvents and 2 . the separation of 
bound and non-bound DHT in the presence of a 
large excess of other compounds (e.g. plant con­
stituents).

1. Organic solvents
Since we investigated non-polar extracts of 

U. dioica roots, solubility of the extracts and indi­
vidual compounds in the aqueous test medium was 
limited. These solubilities could be increased by 
addition of organic solvents to the incubation mix­
tures. We tested the binding activity of SHBG 
towards DHT in the presence of the following 
solvents (Table I).

With the exception of dimethylsulphoxide 
(DMSO) each of the tested solvents decreased 
binding activity of SHBG towards DHT, probably 
due to conformational changes in the protein 
structure. For that reason we used DMSO as sol­
vent, whenever possible.

2. Separation o f  bound and non-bound D H T
A series of techniques can be applied for the 

separation of SHBG-bound and non-bound DHT:

OH

1

a b Assignments may be interchangeable.
Fig. 1. Structural formulas of 5a-dihydrotestosterone (1) 
and (-)-m atairesinol (2 ).
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Table I. Binding activity of sex hormone-binding globu­
lin (SHBG) towards 5a-dihydrotestosterone (DH T) in 
the presence of organic solvents, c (D H T) varied from 
5.7 to 17.3 nmol/1; 46 [.ig/ml human protein each. Each 
value represents 4 to 6 individual tests.

Solvent
(percentage [v/v])

Remaining binding 
activity [%]

EtOH (3%) 88.7 ± 7.0
EtOH (6 %) 84.7 ± 7.4
EtOH (3% )/Et20  (2%) 74.7 ± 7.2
EtOH (3% )/acetone (2%) 74.5 ± 7.4
DMSO (5%) 98.0 ± 4.1

e.g. equilibrium dialysis (Rosner and Smith, 1 9 7 5 ) ,  

precipitation of the SHBG-DHT complex with 
(NH 4 )2 S 0 4  (Blank et al., 1 9 7 8 ) ,  gel filtration 
(Cowan et al., 1 9 7 6 ) .  In spite of certain disadvan­
tages (measurement under non-steady-state con­
ditions; requirement of precise handling to ensure 
reproducibility and correctness) we chose the 
DCC method, because it is inexpensive and can be 
performed rapidly. Thus it allows the investigation 
of high numbers of samples. For determination of 
SHBG concentrations in blood plasma, it has been 
evaluated by Hammond and Lähteenmäki ( 1 9 8 3 ) .

log c (test compound) [mol/l]

Fig. 2. Adsorption of 5a-dihydrotestosterone (DHT) 
to dextran-coated charcoal (DCC) in the presence of 
varying concentrations of test compounds. Addition of 
250 fil DCC suspension to 100 [il of a solution of DHT  
(9.66 nmol/1) and test compounds (concentrations as in­
dicated). 2 with 0.3% (+) and 1.0% (x) DCC suspension; 
mixture of 3 and 4 isomers with 0.3 (O) and 1.0% (A ) 
DCC suspension. Each value represents the mean of 
duplicate determinations.

We additionally had to check the possibility that 
our test compounds could occupy DCC’s surface 
and thereby would cause insufficient adsorption of 
non-bound DHT, thus leading to incorrect results. 
In an experiment we mixed DHT and test com­
pounds ((-)-m atairesinol (2 ) on the one hand and 
the mixture of 3 and 4 isomers on the other hand) 
without addition of SHBG and determined DCC’s 
ability to adsorb DHT (Fig. 2).

Adsorption of DHT to DCC is dependent on 
the nature and the concentration of added test 
compounds. With the exception of very high con­
centrations ( 1 0 - 3  mol/l), for addition of the mix­
ture of isomeric fatty acids 3 and 4 both DCC sus­
pensions yielded the same results. However, the 
lignan 2 , an aromatic compound, is adsorbed very 
strongly because of jt- jt interactions. In the pres­
ence of concentrations of 2  higher than 1 0 ~ 4  mol/l 
a 0 . 3 %  DCC suspension is no longer able to ad­
sorb all of the DHT, while a 1 . 0 %  DCC suspension 
does up to lignan concentrations of 1 0 - 3  mol/l.

Subsequently we demonstrated the 1 . 0 %  DCC 
suspension not to influence binding of DHT to 
SHBG when applied for only 5 min.

For test compound concentrations < 1 0 ~ 3 mol/l 
a 1 . 0 %  DCC suspension under these conditions 
guarantees complete adsorption of non-bound 
DHT while not affecting SHBG-bound DHT.

Finally we checked the serum preparation pro­
cedure and the modified test system by determi­
nation of association constants for SHBG and 
DHT at 4  °C, according to Scatchard ( 1 9 4 9 ) .  For 
three preparations from two different human 
pregnancy sera we obtained in independent in­
cubations association constants of 0 . 8 8 x 1 0 9 m - 1 , 

0 . 7 6 x 1 0 9 m _1 and 0 . 7 6 x 1 0 9 m _1 , thus demonstrat­
ing reproducibility. These values are in reasonable 
agreement with that given in the literature 
( 2 . 4 x 1 0 9 m _1 (Rosner and Smith, 1 9 7 5 ) ) ,  which is 
somewhat higher because of measurement under 
steady-state conditions.

Screening o f  U. dioica roots

U. dioica roots were extracted and divided into 
groups of different polarity (solvent partition -  see 
Materials and Methods). Since natural ligands of 
SHBG (androgens, estrogens) are rather non­
polar compounds, we focussed on the investigation 
of the non-polar fractions (CH, E t2 0 , EtOAc).
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Tests of these crude fractions did not indicate a 
distinct effect on SHBG. However, further frac­
tionation (CC, prep. TLC) in combination with 
tests after each step finally suggested a mixture of 
isomeric trihydroxyoctadecenoic acids 3 and 4 to 
interfere with human SHBG. So the mixture of 
these isomers was isolated from U. dioica roots 
(see Materials and Methods) and tested in pure 
form.

To check, what structural features might be 
responsible for this effect we also tested threo- 
9,10-dihydroxyoctadecanoic acid (8 ), (9Z,11E)- 
13-hydroxy-9,ll-octadecadienoic acid (9) and the 
methyl esters of 3 and 4, 6 and 7, resp. Palmitic 
acid (10) was tested in order to exclude a deter­
gent action of the fatty acids on SHBG in the con­
centrations employed.

Only trihydroxyoctadecenoic acids and their 
methyl esters showed significant, although rather 
weak effects on the binding activity of SHBG

OH OH

H3C - ( C H 2)4

HjC (CH2)4

(CH2)7—  COOR

OH OH

(CH2)7— COOR

OH

R = H: 3

R = CH3: 6

R = H: 4 

R = CH3: 7

OH

H3C (CH2)7 (CH2) 7— COOH 8

HjC - ( C H 2)4

OH

HjC —  (CH2) , „ -  COOH 10

Fig. 3. Compounds tested for interference with human 
sex hormone-binding globulin (SHBG).

Fig. 4. Binding activity of sex hormone-binding globulin 
(SH BG ) towards 5a-dihydrotestosterone (DH T) in the 
presence of various fatty acids. O: Mixture of 6 and 7 
isomers (methyl esters of mixture of 3 and 4 isomers); 
V: mixture of 3 and 4 isomers (free acids); A: 8; □: 9; 
+; 10. c (DH T) = 9 .66 nmol/1; 46 [rg/ml human protein. 
Each value represents the mean of 2 to 4 individual tests.

towards DHT (Fig. 4). As the other tested hydroxy 
acids also are C-18 fatty acids, obviously the 
structural feature -C H O H -C H = C H -C H O H - 
C H O H -, having a trans-configurated double 
bond, seems to be responsible for these effects. 
Since 6 and 7 display an about 10-fold activity 
compared to 3 and 4, the acidic function is not a 
necessary feature for activity.

Secoisolariciresinol (5), the second-most abun­
dant lignan in U. dioica roots, was also found to 
interfere with SHBG.

Although during our screening we did not get 
any indications for plant steroids to exert influ­
ences on SHBG, we additionally tested 5a-stigma- 
stane-3-one (11), since it shows a high structural 
similarity to SHBG’s preferential ligand DHT.

11 did not display any activity towards SHBG 
(Fig. 6 ). Obviously the bulky side chain on C-17 
prevents plant steroids from interfering with the 
protein.

Fig. 5. 5a-Stigmastane-3-one.

CHjO
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In contrast 5 decreased binding activity of 
SHBG towards DHT in a concentration-depend­
ent manner (Fig. 6 ), probably by competition with 
DH T for the binding site. Nevertheless its activity 
has to be considered as weak.

Recent research in this field carried out in our 
group revealed other lignans to develop consider­
ably higher activity. The results of this investi­
gation will be published in the near future.

Acknowledgements

We thank Mrs. U. Besser for excellent technical 
assistance, Mr. M. Schöttner for valuable dis­
cussions and critical review of the manuscript, 
Dr. J. Reiner and Mr. M. Glaeßner for measure­
ment of the NMR and mass spectra.

We are also grateful to BOOTS PHARM A 
GmbH, Höchstädt, Germany for providing 
U. dioica roots and financial support of this work.

Andersson R., Popoff T. and Theander O. (1975), A  new 
lignan from Norway spruce. Acta Chem. Scand. B 29, 
835-837.

Blank B., Attanasio A ., Rager K. and Gupta D. (1978), 
Determination of serum sex hormone-binding globu­
lin (SHBG) in preadolescent and adolescent boys. J. 
Steroid Biochem. 9, 121-125.

Capella P. and Zorzut C. M. (1968), Determination of 
double bond position in monounsaturated fatty acid 
esters by mass spectrometry of their trimethylsilyloxy 
derivatives. Anal. Chem. 40 (10), 1458-1463.

Cowan R. A., Cowan S. K., Giles C. A. and Grant J. K. 
(1976), Prostatic distribution of sex hormone-binding 
globulin and cortisol-binding globulin in benign 
hyperplasia. J. Endocr. 71, 121-131.

Dathe G. and Schmid H. (1987), Phytotherapie der 
benignen Prostatahyperplasie (BPH): Doppelblind­
studie mit Extraktum Radicis Urticae (ER Ü). U ro­
loge B 27, 223-226.

Dennis M., Horst H.-J., Krieg M. and Voigt K. D. (1977), 
Plasma sex hormone-binding globulin-binding capac­
ity in benign prostatic hypertrophy and prostatic car­
cinoma: comparison with an age-dependent rise in 
normal human males. Acta Endocrinol., Copenh. 84 
(1), 207-214.

Erdtman H. and Tsuno K. (1969), The chemistry of the 
order Cupressales: 56. Heartwood constituents of

Fig. 6 . Binding activity of sex hormone-binding globulin 
(SH BG ) towards 5cx-dihydrotestosterone (D H T) in the 
presence of 5 (+) and 11 (x). c (DHT) = 9.66 nmol/1; 
46 ^ig/ml human protein. Each value represents 3 to 6 
individual tests. Due to its limited solubility 11 could not 
be tested in higher concentrations.

Fitzroya cupressoides (Molina) Johnston. Acta Chem. 
Scand' 23, 2021-2024.

Esterbauer H. and Schauenstein E. (1977), Zur Bildung 
isomerer Trihydroxy-octadecensäuren bei der enzy­
matischen Oxydation von Linolsäure durch Gersten­
mehl. Monatsh. Chemie 108 (5), 963-972.

Fieser L. F. (1953), Cholesterol and companions: II. Ex­
haustive dichromate oxidation. J. Am. Chem. Soc. 75, 
4386-4394.

Gardner H. W. (1975), Isolation of a pure isomer of lino­
leic acid hydroperoxide. Lipids 10 (4), 248-252.

Hamberg M. (1975), Decomposition of unsaturated fatty 
acid hydroperoxides by hemoglobin. Structures of 
major products of 13L-hydroperoxy-9,ll-octadeca- 
dienoic acid. Lipids 10 (2), 87-92 .

Hammond G. L. and Lähteenmäki P. L. A. (1983), A  
versatile method for the determination of serum cor­
tisol-binding globulin and sex hormone-binding glo­
bulin capacities. Clin. Chim. Acta 132, 101-110.

Hryb D. J., Khan M. S. and Rosner W. (1985), Testos­
terone-estradiol-binding globulin binds to human 
prostatic cell membranes. Biochem. Biophys. Res. 
Commun. 128 (1), 432 -  440.

Hryb D. J., Khan M. S.. Romas N. A. and Rosner W. 
(1990), The control of the interaction of sex hormone- 
binding globulin with its receptor by steroid hor­
mones. J. Biol. Chem. 265 (11), 6048-6054.



104 D. G anßer and G. Spiteller • Plant C onstituents In terfering  with H um an Sex H orm one-B inding Globulin

Lea O. A. (1979), Interaction of steroid-binding serum 
proteins with Concanavalin A-Sepharose 4B. Hor­
mone Res. 11, 240-253.

Nakhla A. M.. Khan M. S. and Rosner W. (1990), 
Biologically active steroids activate receptor- 
bound human sex hormone-binding globulin to 
cause LNCaP cells to accumulate adenosine 3',5'- 
monophosphate. J. Clin. Endocrinol. Metab. 71 (2), 
398-404.

Nakhla A. M., Khan M. S., Romas N. P. and Rosner W.
(1994), Estradiol causes the rapid accumulation 
of cAMP in human prostate. Proc. Natl. Acad. Sei. 
U.S.A. 91, 5402-5405.

Petra P. H. (1991), The plasma sex steroid-binding pro­
tein (SBP or SHBG). A critical review of recent de­
velopments on the structure, molecular biology and 
function. J. Steroid Biochem. Molec. Biol. 40 (4 -6 ) , 
735-753.

Plymate S. R., Loop S. M., Hoop R. C., Wiren K. M., 
Ostenson R., Hryb D. J. and Rosner W. (1991), Effects 
of sex hormone-binding globulin (SHBG) on human 
prostatic carcinoma. J. Steroid Biochem. Mol. Biol. 40 
(4 -6 ) , 833-839.

Powell R. G. and Plattner R. D. (1976), Structure of a 
secoisolariciresinol diester from Salvia plebeia seed. 
Phytochemistry 15, 1963-1965.

Rosner W. (1972), A  simplified method for the quanti­
tative determination of testosterone-estradiol-binding

globulin activity in human plasma. J. Clin. Endocrinol. 
Metab. 34 (6). 983-988.

Rosner W. and Smith R. N. (1975), Isolation and charac­
terization of the testosterone-estradiol-binding globu­
lin from human plasma. Use of a novel affinity col­
umn. Biochemistry 14 (22), 4813-4819.

Rosner W. (1991), Plasma steroid-binding proteins. 
Endocrinol. Metab. Clin. North Am. 20 (4), 697-720.

Rosner W., Hryb D. J., Khan M. S., Nakhla A. M. and 
Romas N. A. (1991), Sex hormone-binding globulin: 
anatomy and physiology of a new regulatory system. 
J. Steroid Biochem. Molec. Biol. 40 (4 -6 ) , 813-820.

Rosner W., Hryb D. J., Khan M. S., Nakhla A. M. and 
Romas N. A. (1992), Sex hormone-binding globulin: 
binding to cell membranes and generation of a second 
messenger. J. Androl. 13 (2), 101-106.

Scatchard G. (1949), The attractions of proteins for 
small molecules and ions. Ann. N. Y. Acad. Sei. 51, 
660-672.

Schmidt J. (1987), Ph.D. thesis, University of Bayreuth, 
Germany.

Vermeulen A ., Stoica T. and Verdonck L. (1971), The 
apparent free testosterone concentration, an index of 
androgenicity. J. Clin. Endocrinol. Metab. 33 (5), 
759-767.

Vick B. A. and Zimmerman D. C. (1976), Lipoxygenase 
and hydroperoxide lyase in germinating water-melon 
seedlings. Plant Physiol. 57, 780-788.


