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I. INTENDED USE

The MP Biomedicals Free Testosterone Coated-Tube Radioimmunoassay Kit provides
materials for the quantitative measurement of free testosterone in serum.  It is intended
for in vitro diagnostic use as an aid in the clinical diagnosis and management of
hirsutism.

II. SUMMARY AND EXPLANATION OF THE TEST

Testosterone (17β-Hydroxy-4-androsten-3-one), a C18 steroid, is the most potent
naturally secreted androgen [1].  In normal postpubertal males, testosterone is secreted
primarily by the testes with only a small amount derived from peripheral conversion of
4-Androstene-3,17-dione (ASD) [2].  In adult women, it has been estimated that more
than 50% of serum testosterone is derived from peripheral conversion of ASD secreted
by the adrenal glands and ovaries, with the remainder derived from direct secretion of
testosterone by these glands [2,3].

Testosterone production rates in blood have been estimated at 0.34 mg/day in adult
females and more than 20 times this amount in adult males [2,3,4].  Approximately 60%
of blood testosterone is normally bound with high affinity to sex hormone-binding
globulin (SHBG) [5]; of the remainder, all but 1-2% is loosely bound to albumin.  The
percentage bound to SHBG is somewhat lower in males as compared to females [6]. 
Both the albumin-bound and free fractions may be biologically active, while SHBG
effectively inhibits testosterone action.  Approximately half of the blood testosterone is
metabolized in the liver to androsterone, etiocholanolone and epiandrosterone; all
relatively weak androgens [1,3].  Testosterone is also converted to the potent androgen,
dihydrotestosterone (DHT), in certain target tissues.

Measurement of the free or unbound fraction of serum testosterone has been proposed
as a means of estimating the physiologically bioactive hormone.  Free testosterone
levels are elevated in women with hyperandrogenism associated with hirsutism in the
presence or absence of polycystic ovarian disease [5,6,7].

Traditional methods for measurement of free testosterone involve the addition of
3H[testosterone] to serum or plasma, followed by various procedures, e.g. dialysis,
filtration and precipitation, to separate the free and bound fractions.  The partitioning of
the tritiated testosterone is then used to calculate the endogenous bound and free
fractions.  These indirect methods are time-consuming and labor-intensive and are not
practical for routine applications.

The MP Biomedicals Free Testosterone RIA utilizes an [I-125]-labeled testosterone
analog which has low affinity for SHBG and albumin.  The analog competes with the
unbound testosterone in the test sample for binding to specific anti-testosterone
polyclonal antibodies which have been immobilized on the assay tube.  This competitive
binding format allows direct estimation of unlabelled free testosterone levels in
unextracted samples.

III. PRINCIPLE OF THE TEST

The procedure follows the basic principle of radioimmunoassay where there is
competition between a radioactive and a non-radioactive antigen for a fixed number of
antibody binding sites [8].  The amount of [I-125]-labeled testosterone analog bound to
the antibody is inversely proportional to the concentration of the free testosterone
present.  The separation of free and bound antigen is easily and rapidly achieved by
decanting or aspirating the antibody-coated tubes.

IV. REAGENTS

The MP Biomedicals Free Testosterone Coated-Tube RIA Kit contains sufficient reagents
for 100 tubes.  Each kit contains the following reagents:

A. Free Testosterone Standards:

One vial, 1 mL, labeled A, containing 0 pg/mL, and seven vials, 0.5 mL each, labeled B-
H, containing concentrations of approximately 0.25, 1.0, 2.5, 10, 25, 50 and 100 pg/mL
(0.87 - 346.70 pmol/L) testosterone in human serum with sodium azide as a
preservative.  Refer to vial labels for exact concentrations.  Store at 2-8°C for up to
three weeks.  For longer periods, store at -20°C or lower until expiration date.

B. Free Testosterone [I-125] Reagent:  (YELLOW)

One bottle, 22 mL, containing < 5 µCi (185 kBq) of [I-125]-labeled testosterone analog in
a protein-based (BSA) buffer with sodium azide as a preservative.  Store at 2-8°C until
expiration date.

C. Free Testosterone Antibody-Coated Tubes:  (METALLIC COPPER)

One hundred (100) plastic tubes, with rabbit anti-testosterone  (polyclonal)
immunoglobulin immobilized to the inside wall of each tube.  Store at 2-30°C until
expiration date.

D. Free Testosterone Controls:

Two vials, Levels I and II, containing  low and high concentrations of testosterone in
human serum with sodium azide as a preservative. See Control vial labels for control
ranges.  Store at 2-8°C  for up to three weeks.  For longer periods, store at -20°C or
lower until expiration date.

NOTE:  All reagents and samples must be allowed to reach room temperature (~25 °C) and
mixed thoroughly by gentle inversion before use.

V. PRECAUTIONS
For in vitro diagnostic use.

Not for internal or External Use in Humans or Animals.

CAUTION: RADIOACTIVE MATERIAL

Refer to the radiation regulations, standards, and procedures applicable to your facility for handling,
storage, and disposal of radioactive materials.

For United States Customers: This radioactive material may be received, acquired, possessed, and used
only by physicians, veterinarians, clinical laboratories, research institutions or hospitals, and only for in
vitro clinical or laboratory tests not involving internal or external administration of the material, or its
radiation to human beings or animals.  Its receipt, acquisition, possession, use and transfer are subject
to the regulations of the NRC and/or licensing agreement state.

To minimize the risk of radiation exposure, handle radioactive materials as recommended by
appropriate regulatory standards and in “Occupational Radiation Protection Safety Guide, Safety
Standards Series No. RS-G-1.1,” 1999, published by the International Atomic Energy Agency.

The following universal Good Laboratory Practices should be observed:

• Do not eat, drink, smoke or apply cosmetics where immunodiagnostic materials are being
handled.

• Do not pipette by mouth.
• Wear lab coats and disposable gloves when handling immunodiagnostic materials.
• Wash hands thoroughly afterwards.
• Cover working area with disposable absorbent paper.
• Wipe up all spills immediately and decontaminate affected surfaces.
• Avoid generation of aerosols.
• Provide adequate ventilation.
• Handle and dispose of reagents and materials in compliance with applicable regulations.

WARNING:  POTENTIAL BIOHAZARDOUS MATERIAL
This kit contains some reagents made with human source material (e.g. serum or plasma)or used in
conjunction with human source materials.  The material in this kit has been tested by FDA
recommended methods and found to be non-reactive for HIV-1/2 Antibodies, HCV and HBsAg. No
available test method can offer complete assurance of eliminating biohazardous risk.  Handle all
reagents and patient samples at a Biosafety Level 2 as recommended for any potentially infectious
human serum or blood specimen in the Centers for Disease Control/National Institutes of Health
manual "Biosafety in Microbiological and Biomedical Laboratories," 4 th Edition, April 1999.

WARNING: POTENTIAL CHEMICAL HAZARD:
Some of the reagents in this kit contain sodium azide as a preservative at concentrations below the
regulatory limit of < 0.1%.  Although significantly diluted, concentrated sodium azide is an irritant to
skin and mucous membranes and may react with lead and copper plumbing to form explosive metal
azides, especially if accumulated.  This substance is in diluted form, and therefore, many minimize
exposure risks significantly but not completely.  Avoid contact with skin, eyes, and clothing.  In case of
contact with any reagents, wash area thoroughly with water and seek medical advice.  Dispose of all
nonradioactive reagents by flushing with large amounts of water to prevent buildup of chemical
hazards in the plumbing system.

VI. SPECIMEN COLLECTION AND PREPARATION

Serum should be used and the usual precautions for venipuncture should be observed. 
Specimens may be stored at 2-8°C for up to 24 hours and should be frozen at -20°C or
lower for up to six months [9].  Aliquot, if necessary, to avoid repeated freezing and
thawing.  Do not use hemolyzed or lipemic specimens. 

VII. PROCEDURAL NOTES
A thorough understanding of this package insert is necessary for successful use of the product.  Reliable
results will only be obtained by using precise laboratory techniques and accurately following the
package insert.  A standard curve must be included with each assay.

Do not mix various lots of any kit component within an individual assay.  Do not use any component
beyond the expiration date shown on its label.

After removing assay reagents from the refrigerator, allow them to reach room temperature (~25°C)
before pipetting.  Unused reagents should be stored as specified in the Reagent Section.  Standards and
Controls should be mixed before use by inverting or swirling gently rather than vortexing.  To insure a
homogeneous mixture of the reagents in each assay tube, gentle and thorough shaking or vortexing is
essential.

Failure to obtain the appropriate values for controls may indicate imprecise manipulations, improper
sample handling or deterioration of reagents.  Failure to blot tubes adequately following decantation
may result in poor replication and spurious values.

VIII. TEST PROCEDURE

A. Materials Supplied:

Materials supplied in the MP Biomedicals Free Testosterone Radioimmunoassay Kit:

MATERIAL QUANTITY
Free Testosterone Standard A
Free Testosterone Standard B
Free Testosterone Standard C
Free Testosterone Standard D
Free Testosterone Standard E
Free Testosterone Standard F
Free Testosterone Standard G
Free Testosterone Standard H
Free Testosterone Antibody-Coated Tubes
Free Testosterone [I-125] Reagent
Free Testosterone Control Level I
Free Testosterone Control Level II

One Vial
One Vial
One Vial
One Vial
One Vial
One Vial
One Vial
One Vial

100 Tubes
One Bottle
One Vial
One Vial



B. Materials Required But Not Supplied:
• 12 x 75 mm test tubes.
• Test tube rack for 12 x 75 mm tubes.
• Deionized water.
• Precision pipette to deliver 50 µL.
• Precision repeating pipette to deliver 200 µL and 3 mL.
• Vortex mixer.
• Sponge test tube rack for decantation or similar device.
• Absorbent material for blotting tubes.
• Gamma counter.
• Semi-log graph paper or computer RIA data analysis program.

C. Assay Procedure:

Allow all reagents to reach room temperature and mix liquid reagents thoroughly by
gentle inversion before use.  Standards, Controls and unknowns should be assayed in
duplicate.

1. Label two plain (uncoated) tubes for Total Counts.  Label and arrange Free
Testosterone Antibody-Coated Tubes in duplicate for Standards, Controls and
unknowns.

2. Add 50 µL of the Free Testosterone Standards, Controls or unknowns to
appropriate tubes.  Pipette to the bottom of the tubes.

3. Add 200 µL of the Free Testosterone [I-125] Reagent to all tubes.

4. Vortex all tubes.

5. Cover and incubate all tubes at 37°C for 60 minutes.

6. Decant all tubes, except Total Count tubes, by simultaneous inversion with a
sponge rack into a radioactive waste receptacle.  Strike the tubes sharply on
absorbent material to facilitate complete drainage.

7. Add 3 mL deionized water to all tubes, except Total Count tubes.

8. Decant all tubes, except Total Count tubes, by simultaneous inversion with a
sponge rack into a radioactive waste receptacle.  Strike the tubes sharply on
absorbent material to facilitate complete drainage and then allow them to drain on
absorbent material for a minimum of 2 minutes.  Blot the tubes to remove any
droplets adhering to the rim before returning them to the upright position.  Failure to
blot tubes adequately may result in poor replication and spurious values.

9. Count all tubes in a gamma counter for one minute.

IX. RESULTS

The results in this package insert were calculated using a log-linear curve fit.  Other data
reduction methods may give slightly different results.

A. Calculate the mean counts per minute (cpm) for each Standard, Control and
unknown.  Calculate the % B/T or % B/Bo for each Standard, Control and unknown
as follows:

Mean Sample Counts
% B/T  =                                           X 100

Mean Total Counts

Mean Sample Counts 
% B/Bo =                                                                 X 100

Mean Counts of 0 pg/mL Standard

B. Plot a curve of % B/T or % B/Bo for the Standards (y-axis) against the
testosterone concentration (x-axis) on semi-log graph paper.  Draw a standard
curve through the mean of the duplicate points.

C. Determine the free testosterone concentration from the mean of the duplicate
counts of each control and unknown from the standard curve.

D. Any sample reading greater than the highest Standard should not be diluted. 
Dilution will change the proportion of free to bound testosterone.

E. Any sample reading lower than the lowest Standard should be reported as such.

X. LIMITATIONS
• The reagents supplied in this kit are optimized to measure free testosterone levels

in serum.
• Avoid repeated freezing and thawing of reagents or samples.
• Hemolyzed and lipemic specimens may give false values and should not be used.

XI. QUALITY CONTROL
• MP Biomedicals Controls or other commercial controls should fall within established

confidence limits.  The confidence limits for MP Biomedicals Controls are printed
on the Control vial labels.

• Low and high level controls should be run with each standard curve.

TYPICAL FREE TESTOSTERONE STANDARD CURVE DATA

TUBE
NO.

TUBE
LABEL

BOUND

(cpm)

MEAN

(cpm)

B/T

(%)

B/Bo

(%)

FREE
TESTOSTERONE

(pg/mL)

1,2

3,4

5,6

7,8

9,10

11,12

13,14

15,16

17,18

19,20

21,22

TOTAL
COUNTS

STANDARDS
A

B

C

D

E

F

G

H

CONTROLS

Level I

Level II

62502
62103

31618
30570
28895
28589
23833
23213
18996
18654
12173
12744
8717
8730
5963
6348
4427
4476

19779
19114
9238
8927

62303

31094

28742

23523

18825

12459

8724

6156

4452

19447

9083

49.9

46.1

37.8

30.2

20.0

14.0

9.9

7.1

31.2

14.6

100.0

92.4

75.7

60.5

40.1

28.1

19.8

14.3

62.5

29.2

0

0.25

1.00

2.50

10.00

25.00

50.00

100.00

 2.22

22.89

ED50 = 5.90 pg/mL
CAUTION:  The above data should not be employed in lieu of data obtained by the user in
the laboratory.

XII. EXPECTED VALUES

Each laboratory should establish its own expected values based on the their intended
clinical population.  The following values presented were obtained with the MP
Biomedicals Free Testosterone RIA using serum samples from apparently normal
healthy adults.  All values are reported in pg/mL.

POPULATION n MEAN ± 1 SD ABSOLUTE
RANGE

MEDIAN

Normal Males (Age 20-50
years)
Normal Females
Follicular Phase
Luteal Phase
Oral Contraceptives
Post Menopausal

48
38
12
9
5

12

23.27 ± 9.09
1.24 ± 0.74
1.62 ± 0.91
1.16 ± 0.71
1.18 ± 0.51
1.09 ± 0.49

8.69 - 54.69
0.29 - 3.18
0.45 - 3.17
0.46 - 2.48
0.55 - 2.01
0.29 - 1.73

21.71
1.10
1.35
0.81
0.93
1.10

XIII. PERFORMANCE CHARACTERISTICS

All performance data are stated in pg/mL.  To convert to pmol/L:

pg/mL x 3.47 = pmol/L

A. Sensitivity

The theoretical sensitivity, or minimal detection limit, as calculated by the interpolation
of the mean minus two standard deviations of 10 replicates of the 0 pg/mL Free
Testosterone Standard, is approximately 0.18 pg/mL.

B. Precision

The intra-assay precision was determined from the mean of 10 replicates each.

SAMPLE N MEAN

(pg/mL)

STANDARD
DEVIATION

(pg/mL)

COEFFICIENT
OF VARIATION

(%)
I
II
III

10
10
10

1.87
16.60
28.53

0.12
0.61
1.49

6.2
3.7
5.2

The inter-assay precision was determined from the mean of average duplicates for 14
separate runs.

SAMPLE N MEAN

(pg/mL)

STANDARD
DEVIATION

(pg/mL)

COEFFICIENT
OF VARIATION

(%)
I
II
III

14
14
14

3.71
18.01
34.02

0.36
1.43
2.49

9.7
7.9
7.3



C. Specificity

The cross-reactivity of the free testosterone antiserum has been measured against the
following compounds.  The percent cross-reactivity is expressed as the ratio of the free
testosterone concentration to the concentration of the reacting compound at 50% binding
of the 0 pg/mL Free Testosterone Standard.

COMPOUND % CROSS-REACTIVITY
Free Testosterone
19-Nor-Testosterone
17α-Methyltestosterone
11-Oxo-Testosterone
5α-Dihydrotestosterone
DHEA
DHEA-Sulfate
Progesterone
Androstenedione
Estradiol
Estrone
Corticosterone
Danazol
Prednisone
Prednisolone
Androstanediol Glucuronide
Androsterone Glucuronide
5α-Androstane-3β, 17β-diol
5α-Androstan-3β-ol-17-one
5α-Androstane-3β, 17β-diol-11-one
5α-Androstane-3, 17-dione
5α-Androstane-3α, 17β-diol
5β-Androstane-3, 17-dione
11β-Hydroxyandrostenedione

100
0.35
0.21
0.13
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND = Non-Detectable (< 0.1%)

D. Method Comparison

The MP Biomedicals Free Testosterone RIA (Method A) was compared to another
commercially available free testosterone RIA (Method B) by assaying 127 serum
samples with a range of 0.29 - 54.69 pg/mL (MP Biomedicals assay).  The regression
analysis yielded the following equation:

[Method B] = 0.79 [Method A] - 0.24
r = 0.97

The MP Biomedicals Free Testosterone RIA was also compared to another commercially
available total testosterone RIA by assaying 187 serum samples (92 males and 95
females).  Linear regression of the data yielded the following results:

Males: (n = 92):
[Free Testosterone] = 5.87 [Total Testosterone] - 0.62
r = 0.91
Range = 1.70 - 62.58 pg/mL (Free)
Mean (Free) = 23.39 pg/mL
Mean (Total) = 4.09 ng/mL

Females: (n = 95):
[Free Testosterone] = 8.05 [Total Testosterone] + 0.54
r = 0.90
Range = 0.62 - 10.84 pg/mL (Free)
Mean (Free) = 3.32 pg/mL
Mean (Total) = 0.34 ng/mL
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