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Stability of Steroid Profiles (4):
The Circadian Rhythm of Urinary Ratios and Excretion Rates of
Endogenous Steroids in Female and its Menstrual Dependency

Institut fiir Biochemie, Deutsche Sporthochschule Kéln, Germany

‘The stability of ratios and excretion rates of endogenous steroids in female urines was
investigated. Four female (age: x= 33+1.4 years) volunteers participated. Urine samples were
collected over a 24 hour period on four different days during a given month.

The urines were prepared according to the screening procedure of conjugated anabolic steroids
and analysed by GC/MS (1).

The following steroid glucuronides were measured and quantified: androsterone (A),
etiocholanolone (E), testosterone (T), epitestosterone (epiT), 11B-OH-androsterone (OHA),
11B-OH-etiocholanolone (OHE), Sa-androstan-3a.,178-diol (Adiol) , 5B-androstan-3a.,1783-
diol (Bdiol), pregnandiol (Pregnd) and tetrahydrocortisol (THF).

The results of selected steroid concentration ratios, their excretion rates and statistical
evaluations are shown in Tables 1-9 and Figures 1-10 .
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Conclusions

The ratio A/E is the most stable parameter. .

Ratios with T and epiT show much more variation. The concentrations of testosterone and
epitestosterone are near the detection limit and frequently other endogenous substances coelute
with them. (tab 1,2,6). '

The ratios Adiol/Bdiol, A/Adiol, A/Bdiol, E/Adiol and E/Bdiol show coefficients of variation
less than 30% (except for one volunteer) (tab 1; fig 2).

The excretion rates of the endogenous steroids show strong intraindividual and interindividual
variation (tab 3,4,5). | | h
Maximum excretion rates were observed at daytime hours, minima at nighttime hours.
Maxima were stronger marked than minima.

Calculated were differences between excretion rates of all quantified steroids (max. and min.)
and their corresponding mean values.

The calculated values for all steroids from all volunteers are presented in tab 8 and 9.

They are situated in a range characterised as: " mean £2.9 * st.dev."

These data are based on 48 data points per person and steroid.

The boarderlines of the subject-based reference ranges for persons under resting conditions
within 4 times 24 hours (for n=48) may be defined as: L, = mean +3.0 * st.dev.

The calculation factor t depends on the number of analysed and calculated samples from one
individual. Decrease of sample numbers will lead to an increase of the calculation factor.

In the present study involving female urines there are big variations between day and nighttime
values for the three parameters 110HA, THF and 110HA/110HE (tab 7).

For all volunteers, in 13 of 16 days of the female menstrual cycle the ratio 110HA/110HE
decreases significantly during the night. In three cases no significant difference is recognizable
(tab 7; fig.3).

The excretion of 110HA decreases significantly during the night for all volunteers in 13 of 16
days of the female menstrual cycle. In three cases no significant difference is recognizable (tab
7; fig 4).

Also the excretion of THF decreases significantly during the night for all volunteers in 15 of 16
days of the female menstrual cycle. Only in one case no significant difference is recognizable
(tab 7; fig. 5).

The circadianic excretion character of 110HA and THF depends on the thythm of ACTH.

For all other steroids no common circadianic rhythm is recognizable.

In the similar study (4), all male volunteers show significant decreases of excretion rates for
110HA and THF and the ratio 110HA/110HE at nighttime hours.
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There is no individual connection recognizable between the day of the female menstrual cycle
and the type of significance difference.

Similar to the male study it was confirmed that for steroids with small variation in excretion
during 24 hours (A,E, Adiol, Bdiol) a small urine collecting interval (only a few hours or a
morning urine) is representative for a 24 hour collected urine (fig 8).

For steroids with a large variation in excretion during 24 hours (steroids following the ACTH-
rhythm: THF, OHA) this should not be practiced (fig 9).

There is no interindividual and intraindividual connection recognizable between the day of the
female menstrual cycle and the examined excretion rates or ratios. '

There is no correlation between excretion of endogenous steroids and flow of urine (fig 10).
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Table 1: Stability of steroid profiles (female urines).

Coefficient of variation (%) of some selected steroid concentration ratios
V1-V4 = volunteer 1-4

day (m.c.) = day of female menstrual cycle
Total = Statistical evaluation of all values from one volunteer

Vi V2
dayme) |2 7 14 21 Tota 2 7 13 21 Total
A/E 10 7 12 6 18 0 9 8 4 16
T/epiT 53 12 39 57 66 71 42 50 31 68
AIT 16 17 26 30 31 77 30 60 33 108
AlepiT 35 17 33 34 62 66 17 11 5 100
AdioVBdiol |11 7 6 3 19 14 10 10 16
A/Adiol 13 14 18 15 17 9 15 7 9 16
A/Bdiol 15 10 15 15 18 20 15 13 13 23
E/Adiol 15 13 12 15 16 6 18 11 10 16
E/Bdiol 15 11 15 14 25 15 12 13 14 14
OHA/OHE |33 39 53 60 60 33 47 47 43 54
A/THF 34 49 37 45 64 34 25 28 27 38
V3 | V4

dayme) (2 9 13 20 Tot 2 9 15 21 Total
A/E 7 7 8 13 19 15 11 8 9 10
T/epiT 79 28 28 55 63 2 25 23 21 49
AT 14 22 17 35 24 10 25 25 18 21
AlepiT 79 13 17 52 6l 19 23 11 24 54
Adio/Bdiol [28 37 26 18 49 21 10 12 10 16
A/Adiol 18 25 20 26 30 13 25 14 10 18
A/Bdiol 21 17 23 26 6l 14 24 13 11 20
E/Adiol 17 27 16 18 28 17 24 20 12 19
E/Bdiol 18 15 19 20 49 15 22 16 17 20
OHA/OHE [59 62 56 47 60 33 37 55 54 59
A/THF 65 49 36 56 68 51 29 24 43 53




Table 2: Stability of steroid profiles (female urines).

Statistics of some selected steroid concentration ratios

(min = minimum value; max = maximum value; _
st.dev. = standard deviation; c.v. = coefficient of variation (%).

V1-V4 = volunteer 1-4

day (m.c.) = day of female menstrual cycle
Total = Statistical evaluation o__f all values from one volunteer

V1 V2
day(me) |2 7 14 21 Total 2 7 13 21 Total
A/E
min 091 083 107 127 083 0.71 054 068 086 0.53
max 123 1.00 141 153 153 097 0.69 090 098 098
mean 1.09 090 1.18 140 1.13 083 062 078 092 0.78
st.dev. 0.11 006 0.14 009 021 0.08 0.05 006 004 0.13
c.v.(%) 0 7 12 6 18 0 9 8 4 16
T/epiT
min 1.19 150 1.60 173 1.19 0.09 0.14 0.14 024 006
max 495 219 632 126 126 126 040 060 057 126
mean 2.58 188 434 575 36l 0.55 021 036 039 037
st.dev. 136 023 168 3.28 239 039 0.09 018 012 026
c.v.(%) 53 12 39 57 66 71 42 50 31 68
V3 V4
day(mec) |2 9 13 20 Total 2 9 15 21 Total
A/E
min 043 047 062 051 037 052 059 059 056 0.52
max 0.55 059 077 0.82 082 078 082 075 0.73 082
mean 0.51 051 070 073 0.60 0.66 069 0.65 0.65 0.66
st.dev. 0.04 004 005 009 0.11 0.10 0.08 0.06 006 0.07
c.v.(%) 7 7 8 13 19 15 11 8 9 10
T/epiT
min 141 097 097 129 097 1.04 095 0.63 056 056
max 8.16 2.16 234 672 8.6 240 221 119 130 467
mean 293 147 163 3.61 243 193 1.54 092 097 145
st.dev. 231 041 046 199 154 043 038 021 021 070
c.v.(%) 79 28 28 55 63 2 25 23 21 49
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Table 3: Stability of steroid profiles (female urines).

Coefficient of variation (%) of excretion rates

V1-V4 = volunteer 1-4
day (m.c.) = day of female menstrual cycle

Total = Statistical evaluation of all values from one volunteer

V1 V2
day (m.c.) |2 7 14 21 Total 2 7 13 21  Total
A 23 26 32 28 27 22 29 29 39 39
E 25 30 35 29 34 27 28 27 42 38
epiT 52 32 67 176 T3 71 39 31 42 56
T 19 37 40 28 41 117 27 37 35 53
Adiol 18 24 26 21 26 26 26 27 38 37
Bdiol 19 22 22 21 20 36 26 20 40 39
OHA 55 57 64 64 85 51 53 50 50 57
OHE 33 30 35 19 36 27 28 25 31 35
Pregnd 20 37 29 22 27 31 26 21 26 32
THF 60 55 65 56 104 41 51 54 46 62
V3 V4
day (m.c.) 2 9 13 20 Total 2 9 15 21 Total
A 24 25 24 22 40 69 17 20 20 41
E 24 25 24 27 52 59 22 21 20 37
epiT 56 34 43 99 64 64 46 17 51 54
T 20 13 19 42 44 73 25 21 23 42
Adiol 23 23 21 39 78 69 24 23 20 39
Bdiol 28 28 4 51 112 58 23 16 17 32
OHA 52 54 53 53 51 87 49 38 38 61
OHE 41 24 26 48 76 63 22 33 31 42
Pregnd 25 24 28 30 69 62 17 20 34 83
THF 60 70 S56 69 64 81 47 35 45 54
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Table 4: Stability of steroid profiles (female urines).
Statistics of some selected excretion rates

(min = minimum value; max = maximum value; ‘
st.dev. = standard deviation; c.v. = coefficient of variation (%).

V1-V4 = volunteer 1-4

day (m.c.) = day of female menstrual cycle
Total = Statistical evaluation Qf all values from one volunteer

Vi V2
day (m.c.) 2 7 14 21 Total 2 7 13 21 Total
A
min 39 38 28 33 28 52 54 64 78 52
max 83 74 62 73 83 105 130 141 223 223
mean 55 49 42 50 50 70 94 98 128 99
st.dev. 12 13 13 14 13 16 27 29 50 39
c.v.(%) 23 26 32 28 27 22 29 29 39 39
E
min 39 39 20 24 20 61 93 89 80 61
max 83 88 57 54 88 143 212 181 265 265
mean 55 56 36 36 46 87 154 128 142 128
st.dev. 12 17 13 10 16 24 43 35 60 49
c.v.(%) 23 30 35 29 34 27 28 27 42 38
epiT
min 0.06 0.05 0.02 001 o0.01 0.03 029 030 021 0.03
max 026 0.16 0.08 0.12 026 034 101 0.66 067 1.01
mean 0.13 0.10 0.04 004 0.08 0.15 055 044 035 037
st.dev. 0.07 0.03 0.03 003 0.06 0.11 021 0.14 0.15 021
c.v.(%) 52 32 67 76 73 71 39 31 42 56
T
min 021 0.12 0.09 0.11 0.09 0.01 0.07 008 0.05 o0.01
max 038 034 024 028 038 029 0.17 022 020 0.29
mean 030 0.18 0.14 0.18 0.21 0.07 0.11 0.14 0.12 0.11
st.dev. 0.06 0.07 006 0.05 0.09 0.08 0.03 0.05 0.04 0.06
c.v.(%) 19 37 40 28 41 117 27 37 35 53
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V3 V4
day (m.c.) 2 9 13 20  Total 2 9 15 21 Total
A
min 17 31 27 28 17 30 8 63 81 30
max 45 65 S8 63 129 345 155 122 152 345
mean 31 40 40 43 40 116 125 85 119 111
st.dev. 7 10 10 9 16 80 21 17 23 45
c.v.(%) 24 25 24 22 40 69 17 20 20 41
E
min 31 59 43 46 31 41 132 98 126 41
max 87 122 8 105 287 441 262 199 238 441
mean 60 78 58 66 70 175 185 132 183 169
st.dev. 15 19 14 18 36 103 41 28 37 62
c.v.(%) 24 25 24 27 52 59 22 21 20 37
epiT
min 0.03 0.13 0.07 0.04 0.03 0.06 033 058 048 0.06
max 023 035 032 0.51 0.51 1.07 129 1.05 229 229
mean 0.12 020 0.15 0.13 0.16 041 056 074 092 0.66
st.dev. 0.07 007 006 0.13 0.10 026 026 0.13 047 035
c.v.(%) 56 34 43 99 64 64 46 17 51 54
T
min 0.15 024 0.17 0.16 0.15 024 058 045 0.58 0.24
max 033 036 031 065 096 257 123 093 128 257
mean 024 030 024 033 0.29 0.83 0.83 072 0.86 0.81
st.dev. 005 0.04 0.04 014 0.13 0.61 021 0.15 020 0.34
c.v.(%) 20 13 19 42 44 73 25 21 23 42
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Table 5: Stability of steroid profiles (female urines).
Statistical evaluation of excretion rates from all volunteers
min = minimum value

st.dev. = standard deviation

max = maximum value

c.v. = coefficient of variation (%)

A E epiT T Adiol Bdiol 110HA 110HE Pregnd THF
min (pg/h) 17 20 001 001 024 0389 1.7 1.1 5.7 5.7
max (") 345 441 23 2.6 3.4 38 100 65 292 391
mean (") 76 107 033 037 091 4.5 17 13 37 66
st.dev. 45 66 031 034 0.53 42 13 9.0 43 66
c.v.(%) 59 62 94 92 58 94 75 71 118 100

Table 6: Stability of steroid profiles (female urines).
Statistical evaluation of selected ratios from all volunteers

min = minimum value

st.dev. = standard deviation

max = maximum value

c.v. = coefficient of variation (%).

A/E T/epiT A/T AlepiT Adiol/ A/Adiol A/Bdiol E/Adiol E/Bdiol OHA/ A/THF |

Bdiol OHE :

min (ug/h)| 04  0.06 81 55 0.06 33 25 48 6.9 0.3 0.3
max (") 1.5 13 9167 2387 0.9 153 74 234 86 8.5 7.9
mean (") 0.8 1.9 460 428 0.3 86 25 119 32 1.8 1.9
st.dev. 0.2 1.8 852 420 0.2 20 16 39 18 1.4 1.5
c.v.(%) 30 96 185 98 68 23 64 33 57 76 77
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Table 7: Stability of steroid profiles (female urines).

Statistical comparison (T-test) of daytime hours and nighttime hours
Urines, collected over 24 hours at four different times
(different days of the female menstrual cycle)

day (m.c.)

Is
S
hs

day of female menstrual cycle
no significant changes

low significant (95%)
significant (99%)

high significant (99,9%)

110HA (excretion) THF (excretion) 110HA/110HE

volunteer 1

2. daym.c. s Is hs
7. day m.c. Is hs -
14. day m.c. - - Is
21. day m.c. s s S
volunteer 2

2. daym.c. hs S Is
7. daym.c. hs hs S
14. day m.c. hs hs hs
21. day m.c. - S -
volunteer 3

2. daym.c. hs hs hs
7. day m.c. hs hs hs
14. day m.c. hs hs hs
21. day m.c. - S hs
volunteer 4

2. daym.c. hs hs hs
7. day m.c. hs hs hs
14. day m.c. S ] -
21. day m.c. hs S ]
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Table 8: Calculation factor (t) for the upper boarderline (up) of the subject-based reference

range following the formula: uy = mean + t * st.dev.
V1-V4 = volunteer 1-4

day (m.c.) = day of female menstrual cycle

V1 V2
day (m.c.) 2 7 14 21 mean 2 7 14 21 mean
A 22 19 16 17 138 22 13 15 19 1.7
E 23 19 17 18 19 24 13 15 20 18
epiT 18 22 15 24 20 L7 21 15 22 19
T 12 23 19 21 19 29 17 12 21 20
Adiol 15 22 16 14 17 23 1.1 17 1.7 17
Bdiol 14 22 15 14 16 21 1.7 17 17 18
OHA 22 18 18 21 20 16 11 17 22 16
OHE 16 20 20 13 17 18 19 13 14 16
Pregnd 1.7 22 18 17 138 23 12 16 17 17
THF 21 15 20 19 19 21 13 1.7 24 19
mean 18 20 17 18 18 21 15 15 19 18
V3 V4
day (m.c.) 2 7 14 21 mean 2 7 14 21 mean
A 19 25 20 21 21 28 14 21 14 20
E 19 23 22 22 21 26 19 23 15 21
epiT 18 21 26 29 24 25 28 24 29 27
T 18 13 16 23 138 29 19 15 22 21
Adiol 16 22 18 16 138 29 20 18 16 20
Bdiol 12 18 27 24 20 25 13 20 16 19
OHA 21 19 16 19 18 27 17 15 18 19
OHE .5 13 21 21 17 24 17 16 20 19
Pregnd LT 1.7 23 15 16 25 12 16 20 18
THF 20 18 15 19 138 23 17 16 16 18
mean 1.7 19 20 21 1.9 2.6 1.8 1.8 1.9 20
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Table 9: Calculation factor (t) for the lower boarderline (lp) of the subject-based reference
range following the formula: 1, = mean + t * st.dev.
V1-V4 = volunteer 1-4

day (m.c.) = day of female menstrual cycle

V1 V2
day (m.c.) |2 7 14 21  mean 2 7 14 21 mean
A 13 09 10 12 11 12 15 12 10 12
E 09 10 12 12 11 1.1 14 11 10 12
epiT 10 14 09 08 10 09 12 11 10 1.0
T 16 10 08 13 12 08 13 12 17 13
Adiol 14 12 17 14 14 12 16 12 12 13
Bdiol 13 10 17 13 13 .1 13 12 12 12
OHA 14 11 09 10 1.1 12 12 13 09 12
OHE I8 11 11 16 14 L1 17 13 13 13
Pregnd 13 11 13 13 12 13 14 14 14 13
THF 12 12 09 11 11 1.5 1.2 11 12 12
mean 13 11 12 12 12 1.1 14 12 12 12
V3 V4
day (mc.) |2 7 14 - 21  mean 2 7 14 21  mean
A 19 09 13 16 14 1.1 17 13 16 14
E 20 10 11 11 13 13 13 12 15 13
epiT 09 10 12 07 09 1.3 09 13 09 11
T 19 15 15 12 15 10 12 18 14 14
Adiol 20 10 14 11 14 12 13 13 16 14
Bdiol 18 11 10 12 13 13 15 18 18 16
OHA 13 11 13 12 12 10 13 16 1.1 13
OHE 16 18 10 09 13 12 18 15 12 14
Pregnd 21 14 10 13 14 1.2 17 14 17 15
THF 12 10 13 1.1 1.2 10 13 15 09 12
mean 1.7 12 12 1.1 1.3 1.2 14 15 14 14
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fig 4: excretion 110HA {(ug/h) in female urine, collected over 24 hours at four different times
{different days of the female menstrual cycle)
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fig 8: Androsterone excretion (rg/h)

comparison of daytime hours and nighttime hours with 24 hours collected urine
(female urine, collected at the 14th day of the female menstrual cycle)
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fig 9: THF excretion (yg/h)

comparison of daytime hours and nighttime hours with 24 hours collected urine
(female urine, collected at the 14th day of the female menstrual cycle)

The real calculated excretion amount for 24 hours is compared with values calculated
for 24 hours from sleeping hours and wake hours.

Excretion rates obtained during the nighttime hours and daytime hours are added cumulatively
and the values normalized to 24 hours.
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