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STEROID HORMONES



Preface

This volume represents a guide to the quantitative determination of
steroid hormones, their metabolites, and related compounds in blood and
urine. Leaders in the field of corticoid analysis kindly joined the effort to
critically evaluate the available quantitative methods and have made
recommendations for their use in laboratory and clinical studies. For
these fine efforts the editors give thanks and assure the contributors that
they have, in the larger sense, given an important gift to their colleagues
and that their great efforts will be used for important tasks and be deeply
appreciated.

This volume should serve well the scientific investigator and workers
in hospital and pharmaceutical laboratories. The physician will find the
use of this volume particularly valuable and a route to better patient care,
since in many instances the clinician depends on the steroid analytical
methods as aids in diagnosis and prognosis.

My thanks to all who have made this volume possible, and particularly
to Mrs. Elizabeth Olaine and the publisher.

RALPH I. DORFMAN



List of contributors

Bardin, C. Wayne
Division of Endocrinology, Department of Medicine,
Milton S. Hershey Medical Center, Pennsylvania State University,
Hershey, Pa. 17033, U.S.A.

Chattoraj, Sati C.
Department of Obstetrics and Gynecology,
Boston University School of Medicine,
Boston, Mass. 02118, U.S.A.

Gottfried, H.
7712 Anise Avenue, Los Angeles, Calif. 90045, U.S.A.

Gottfried, P. E.
7712 Anise Avenue, Los Angeles, Calif. 90045, U.S.A.

Mamikunian, G.
Interscience Institute, 2000 Cotner Avenue, Los Angeles,
Calif. 90025, U.S.A.

Sandberg, Avery A.
Roswell Park Memorial Institute, and Departments of Biochemistry
and Pediatrics, State University of New York at Buffalo,
Buffalo, N.Y. 14203, U.S.A.

Santen, Richard J.
Division of Endocrinology, Department of Medicine,
Milton S. Hershey Medical Center, Pennsylvania State University,
Hershey, Pa. 17033, U.S.A.

Slaunwhite Jr, W. Roy
Departments of Biochemistry and Pediatrics,
Schools of Medicine and Dentistry,
State University of New York at Buffalo, Buffalo, N.Y. 14203, U.S.A.



VIII List of contributors

Sommerville, Ian F.
Department of Biochemical Endocrinology,
Institute of Obstetrics and Gynecology, Chelsea Hospital for Women,
University of London, London SW3, England

Vetrano, Giuseppe
Department of Biochemical Endocrinology,
Institute of Obstetrics and Gynecology, Chelsea Hospital for Women,
University of London, London SW3, England

Wotiz, Herbert H.
Department of Biochemistry, Boston University School of Medicine,
Boston, Mass. 02118, U.S.A.



Contents

Chapter 1. Estrogens, by Sati C. Chattoraj and Herbert H. Wotiz

1 Introduction . . . . . . . . . . . .

2 General aspects of estrogen determination .
2.1 Hydrolysis of conjugates
2.2 Extraction .
2.3 Purification and separallon
2.4 Quantification
2.4.1 Fluorimetric and colonmetnc methods
2.4.1.1 Fluorimetric methods .
2.4.1.2 Colorimetric methods .
2.4.2 Gas chromatography .
2.4.3 Radioisotopic methods . .
2.4.3.1 Double-isotopic derivative assay
2.4.3.2 Radioimmunoassay

3 Methods of estrogen determination in low-titer urine .
3.1 Determination of urinary total estrogens . .
3.2 Determination of individual ‘classical estrogens’ —estrone ]7[3-estrad|ol
and estriol

4 Determination of estriol in pregnancy urine
5 Determination of the newly discovered estrogens .

6 Determination of estrogens in plasma
6.1 Determination of estrone, 173-estradiol and estrlol in pregnant women
6.2 Determination of estriol in pregnancy plasma
6.3 Determination of estrone and 17B-estradiol in the p]asma of non-
pregnant women . . .

7 Determination of secretion and production rates
8 Ovarian function test .

9 References

16

18

23

29
29
32
34
38

42



X

Chapter 2. Androgen assay in blood and other biological fluids, by

1

Contents

C. Wayne Bardin and Richard J. Santen

Introduction

2 Androgen levels in body fluids

2.1

Testosterone .
2.1.1 Plasma TR
2.1.1.1 Review of methods
2.1.1.2 Steroid radioimmunoassay
2.1.1.2.1 Development of antlbodles
2.1.1.2.2 Steroid isolation and purification
2.1.2 Plasma testosterone conjugates
2.1.3 Urinary testosterone .
Androstenedione (androst-4-ene-3, 17 dlone)
2.2.1 Plasma
2.2.2 Urine . .
Dehydroeplandrosterone (DHA)
Dehydroepiandrosterone sulfate
Dihydrotestosterone (178-hydroxy- Sa-androstan 3-one)
Androstane-3,1783-diol (5x-androstane-3a,173-diol) .
Androstenediol (androst-5-ene-3(3,17@-diol)

3 Androgen production rates

4 References

Chapter 3. Progesterone, 20a-dihydroprogesterone and pregnanediol,

1

by Ian F. Sommerville and Giuseppe Vetrano

Introduction

2 Isolation from biological fluids and tissues .

3

2.1
2.2
23

3.1

Progesterone . .
20a-D1hydroprogesterone (20a-hydroxypregn-4-en-3-one)
Pregnanediol (53-pregnane-3x,20x-diol) ..

Quantitative determination in blood .

Progesterone . . .
3.1.1 Discussion of methods .
3.1.2 Method of choice

3.1.2.1 Solvents and reagents

3.1.2.2 Buffer

3.1.2.3 Antiserum .

65

67



Contents XI

3.1.2.4 Dextran-coated charcoal . . . . . . . . . 84

3.1.2.5 Radioactivity measurement . . . . . . . . 84

3.1.2.6 Method . . . T 85

3.1.2.7 Calculation of results . e m B e % & s @ % 86

3.1.2.8 Theoretical assessment of error . . . . . . . 87

3.1.2.9 Practical, systematic errors . . . . . . . . 87

3.1.2.10 Accuracy . . . . . . e 87

3.1.2.11 Precision . . . . . . . . . . . . . 88

3.1.2.12 Sensitivity . . . . . . . . . . . . . 88

3.1.2.13 Specificity . . . . . . . . . . . . . 89

3.2 20«x-Dihydroprogesterone . . . . . . . . . . . . . 91
3.2.1 Method of choice . . . . . . . . . . . . . 92
3.2.1.1 Materials . . . . . . . . . . . . . 92

3.2.1.2 Standards . . T N B 92

3.2.1.3 Preparation of antlgen A8 s o 5w % o® @ 93

3.2.1.4 Preparation of antiserum . . . . . . . . . 93

3.2.1.5 Method . . . . . . . . . . . . . . 93

3.2.1.6 Accuracy . . . . . . . . . . . .. 95

3.2.1.7 Precision . . . . . . . . . . . . . 97

3.2.1.8 Sensitivity . . . . . . . . . . . . . 97

3.3 Pregnanediol . . . . . . . . . . . . . . . . . 99
Quantitative determination in urine . . . i &« w = % s = « 100
4.1 Progesterone and ZOa-dlhydroprogesterone i s w05 owm s o« s 100
4.2 Pregnanediol . . . . . . . . . . . . . . . . . 1ol
4.2.1 Discussion . s 0% i 0w 3 ow i &+ wm x = w 101
4.2.2 Method of chonce s @ .. . . . . . . . . 103
4.2.2.1 Solvents and reagents . .« . . . . . . 103

4222 Steroids. . . . . . . . . . . . . . 103

4.2.2.3 Calibrationcurve . . . . . . . . . . . 103

4.2.2.4 Steroid analyzer . . .. . . . . . 103

4.2.2.5 Automatic gas chromatography .. . .. . . 104

4.2.2.6 Procedure . . s s o3 s @ & w & » w 104

4.2.2.7 Gas chromatography e s & & & % w @ s @« 104

4228 Precision . . . . . . . . . . . . . 105

4229 Accuracy . . . . . . . . . . . . . 105

4.2.2.10 Sensitivity . . . . . . . . . . . . . 105

4.2.2.11 Specificity . . . . . . . . . . . . . 105
Calculation of secretionrates. . . . . . . . . . . . . . 106
Application and clinical significance. . . . . . . . . . . . 106
6.1 Progesterone . . ., (01
6.2 201-D1hydroprogesterone i & s o os s os s om s @ s o« 108
6.3 Pregnanediol . . . . . . . . . . . . . . . . . 110
631 Plasma . . . . . . . . . . . . . . . . 110
632 Urine ; - . s « & 5 & 2 s % + = & = w s 1
Conclusion . . . . . . . . . . . . . . . . . . . 13

References . . . . . . . . . . . . . . . . . . . 13



XII Contents

Chapter 4. Adrenal corticosteroids (other than aldosterone) in the human:
their secretion, determination, levels, and use in functional tests,

by Avery A. Sandberg and W. Roy Slaunwhite Jr

1 Introduction s @ ¥ @ wm w3 @ % m w
1.1 Presence and state of naturally occurring corticoids .
1.1.1 In tissues .
1.1.2 In plasma .
1.1.3 In urine e s e e e s e e m s = om w
1.2 Comparative usefulness of the determination of corticoids in urine and
plasma

2 Determination of corticoids in urine
2.1 Cortisol s 5 @ &
2.1.1 Comparative methods :
2.1.1.1 Phenylhydrazine acid .
2.1.1.2 Periodate oxidation
2.1.1.3 Fluorescence
2.1.1.4 Saturation analysis
2.1.2 Recommended procedures .
2.1.2.1 17-Ketogenic steroids .
2.1.2.1.1 Materials
2.1.2.1.2 Method.
2.1.2.1.3 Calculation .
2.1.2.2 17-Hydroxycorticosteroids
2.1.2.2.1 Materials
2,1.2.2.2 Method.
2.1.2.3 Urinary cortisol
2.1.2.3.1 Materials
2.1.2.3.2 Method .
2.2 Corticosterone; Comparative methods
2.3 Other corticoids . - 2
2.3.1 Comparative methods i B
2.3.2 Recommended procedures . . . . . .
2.3.2.1 11-Deoxycortisol (metyrapone test) .
2.3.2.1.1 Materials P
2.3.2.1.2 Method .
2.3.2.1.3 Calculation .
2.3.2.2 Pregnanetriol
2.3.2.2.1 Materials
2.3.2.2.2 Method .

3 Determination of corticoids in plasma
3.1 Cortisol i w3 @
3.1.1 Comparative methods

3.1.2 Recommended procedures .

3.1.2.1 Fluorescence .

3.1.2.1.1 Materials

3.1.2.1.2 Method .

3.1.2.1.3 Calculation .

125
125
125
126
126

127

128
128
128
130
131
133

155



Contents

3.1.2.2 Saturation analyses
3.1.2.2.1 Materials
3.1.2.2.2 Method .
3.1.2.2.3 Calculations

3.2 Corticosterone

4 Determination of corticoid conjugates in tissue fluids .

4.1
4.2

3.2.1
3.2.2

Comparative methods

Recommended procedures .

3.2.2.1 Fluorescence . .
3.2.2.1.1 Materials
3.2.2.1.2 Method .

Other corticoids .

3.34
3.3.2

Comparative methods
Recommended procedures .
3.3.2.1 11-Deoxycortisol
3.3.2.1.1 Materials
3.3.2.1.2. Method
3.3.2.2 17-Hydroxyprogesterone .
3.3.2.2.1 Materials
3.3.2.2.2 Method .
3.3.2.2.3 Calculation .

Comparative methods
Recommended procedures .

5 Determination of secretion and production rates
Comparative methods

5.1

5.3 The determination of CSR by the blood method
5.4 Secretion rates of corticosteroids other than cortisol

6 Functional tests for determination of relative sensitivity of components of

5.1.1
5.1.2
5.1.3

5.2.1
522
5.2.3
524
5.2.5
5.2.6
5.2.7
528
529

5.2.10 Preparation of denvatlves of cortlso] and/or lts metabohtes

Blood cortisol
Urinary cortisol . T
Urinary metabolites of cornsol

Procedures for determining CSR based on urmary steronds

Time of day of cortisol administration
Material to be injected .

Method of administration

Duration of injection

Urine collection .

Isolation of urinary metabohtles of cortlsol :

Hydrolysis and extraction of urine
Chromatography .

Localization and determlnauon of radloacnvnty and mass of

metabolites

5.2.11 Calculation of CSR .

the hypothalamic-anterior pituitary-adrenal axis
Hypothalamic function .

Anterior pituitary function .

Adrenal cortical function

6.3.1
6.3.2

Adrenal hypofunction
Adrenal hyperfunction .

XTI

155
157
157
157
158
158
159
159
159
159
160

161
161
161
161
162
163
163
164

165
165
165

166
167
167
168
169
171
171
171
172
172
172
173
173
173

175
175
177
177
179

179
180
181
187
187
188



X1v

Contents

7 Comparative corticoid values in health and disease

7.1

Cortisol, corticosterone and their metabolites

7.1.1 In urine

7.1.2 In plasma .

Corticoids in mlscellaneous body ﬁulds

Corticoid conjugates in body fluids

Corticoids in tissues .

Secretion and/or production rates of various cortlc01ds
7.5.1 Some comparative values of cortisol secretion rate .
7.5.2 Corticosterone secretion rate

7.5.3 Compound-S secretion rate .

7.5.4 DOC secretion rate . 2

7.5.5 6B-Hydroxycortisol production rate

8 Specific value of various determinations of corticoids in clinical diagnosis .

8.1

8.2

8.3

8.4

Failure or hypofunction of the adrenal cortex

8.1.1 Addison’s disease

8.1.2 Anterior pituitary failure .
8.1.3 Long-term steroid therapy depressnon of adrenal functlon .
8.1.4 Hypothalamic failure

Increased adrenal cortical function

8.2.1 Adrenal cortical hyperplasia

8.2.2 Cancer of the adrenal cortex

8.2.3 Adrenal cortical adenoma

8.2.4 Cushing’s disease due to ectopic ACTH productlon
Specific enzymatic defects of the adrenal cortex, usually leading to con-
genital adrenal hyperplasia (CAH)

8.3.1 Failure of 11{3-hydroxylase .

8.3.2 Failure of 21-hydroxylase

8.3.3 Failure of 17x-hydroxylase . .

8.3.4 Failure of 33-hydroxysteroid dehydrogenase

8.3.5 Failure of aldosterone production .

Miscellaneous conditions

8.4.1 Pregnancy and estrogen therapy

8.4.2 Hyperthyroidism and hypothyroidism

8.4.3 Acromegaly and hypopituitarism .

8.4.4 Obesity

8.4.5 Hirsutism and Stem—Leventhal syndrome

9 Concluding remarks

10 References
Addendum .

189
189
189
201
209
210
210
210
210
214
214
214
215

215
216
216
216
217
218
218
219
220
220
221

224
224

225
225
227
237

Chapter 5. Aldosterone determination: implications and manifestations of
levels in health and disease, by H. Gotifried, P. E. Gottfried

and G. Mamikunian

1 Introduction

2 Survey of some currently used methods for determination of plasma and
urinary aldosterone

241

242



8

9

Contents

2.1 Plasma aldosterone
2.2 Urinary aldosterone .
2.3 Method of choice

Factors affecting aldosterone levels in normal subjects
3.1 Menstrual cycle .

3.2 Dietary intake of sodium and potasslum .

3.3 Posture and exercise .

3.4 Diurnal variation

3.5 Effects of pregnancy .

3.6 Age i

3.7 Effects of slress

Evaluation of normal plasma and urine aldosterone values

Aldosterone disposition in disease

5.1 Definition of primary aldosteronism

5.2 Definition of secondary aldosteronism

5.3 Adrenal insufficiency (Addison’s disease, prlmary hypoadrenahsm)

5.4 Renal disease and hypertension. The control of aldosterone by the
renin-angiotensin system

5.5 Cushing’s syndrome .

5.6 Parkinson’s disease

Children

Determination of plasma and urinary aldosterone by radioimmunoassay
7.1 General aspects :

7.2 Formation of aldosterone derlvatlve

7.3 Conjugation of aldosterone derivative to serum albumln

7.4 Formation of antiserum . .

7.5 Purification of clinical samples .

7.6 Materials .

7.7 Plasma preparation

7.8 Radioimmunoassay .

7.9 Calculation of levels from standard curve

7.10 Urinary aldosterone .

7.11 Recovery . .

7.12 Normal aldosterone values in plasma and urine (author s laboratory)

Conclusion .

References

Subject index

XV

242

244

248
248
248
249
250
250
250
250

251

252
252
252
253

254
256
256

257

259
259
260
260
261
262
262
263

265
265
265
266
266
267

273



Steroid Hormones, edited by Ralph I. Dorfman
© North-Holland Publishing Company 1975

]

CHAPTER 1

Estrogens

by Sati C. Chattoraj and Herbert H. Wotiz

Introduction

General aspects of estrogen determination .
2.1 Hydrolysis of conjugates
2.2 Extraction ¥ i
2.3 Purification and separallon
2.4 Quantification
2.4.1 Fluorimetric and colorlmetnc melhods
2.4.1.1 Fluorimetric methods .
2.4.1.2 Colorimetric methods .
2.4.2 Gas chromatography
2.4.3 Radioisotopic methods . . .
2.4.3.1 Double-isotopic derivative assay i
2.4.3.2 Radioimmunoassay

Methods of estrogen determination in low-titer urine .

3.1 Determination of urinary total estrogens . .

3.2 Determination of individual ‘classical estrogens’ —estrone I7B-estrad|ol
and estriol

Determination of estriol in pregnancy urine

Determination of the newly discovered estrogens .

Determination of estrogens in plasma

6.1 Determination of estrone, 173-estradiol and estnol in pregnant women

6.2 Determination of estriol in pregnancy plasma

6.3 Determination of estrone and 17B-estradiol in the plasma of non-
pregnant women .

Determination of secretion and production rates

Ovarian function test .

References



METHODS IN INVESTIGATIVE AND
DIAGNOSTIC ENDOCRINOLOGY

General Editors
SOLOMON A. BERSON

(deceased)

and

ROSALYN S. YALOW
Veterans Administration Hospital, Bronx

and

Mount Sinai School of Medicine, New York

VOLUME 3

7z

=)

p—
- 3

LAY
N1

L 1t

NORTH-HOLLAND PUBLISHING COMPANY - AMSTERDAM - OXFORD
AMERICAN ELSEVIER PUBLISHING COMPANY, INC. - NEW YORK



AR EE, 7 B SE BEPDFIGE U7 M) : www. ertongbook. com



