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Abstract

Objective—We developed assays for measurement of urinary BLH and BFSH under collection and
storage conditions typical of non-clinical research settings.

Design and Methods—IEMAs for free BLH and total BFSH were validated by standard methods.
Stability of urinary BLH and BFSH was tested across freeze thaws and stored long-term at 4°C or
—20°C, or short term at room temperature, and with heating to dissociate the subunits.

Results—The IEMAs exhibited acceptable parallelism, specificity, recovery (averaging 100% for
BLH, 97% for BFSH), imprecision (maximum within-run and between run CVs, respectively, 4.8%
and 25.7% for BLH, 5.6% and 17.0% for pFSH), and minimum detectable dose (2.5 pmol/L for
BLH, 6.8 pmol/L for BFSH). Urine and serum measures were highly correlated (r = 0.95 for LH, 0.86
for FSH). There was no consistent decline with any storage type. Dissociation of subunits by heating
was needed for BLH, but not BFSH.

Conclusion—These IEMAs measure free BLH and total BFSH, overcoming inter-individual
variability in, and collection and storage effects on, subunit dissociation, without the need for urine
preservatives.

Keywords
BLH; BFSH; IEMA, stability

INTRODUCTION

Luteinizing hormone (LH) and follicle stimulating hormone (FSH) are sensitive indicators of
hypothalamic-pituitary-ovarian axis function, and are particularly valuable for examining the
timing and correlates of puberty (e.g. (1)) and reproductive aging (e.g. (2)). A persistent issue
in the use of urinary and serum LH and FSH assays is concern over the effects of collection
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and storage conditions on dissociation of the alpha and beta () subunits of these hormones
(3-6). This is particularly relevant for large-scale population-level research where there may
be considerable delay between specimen collection from individuals in their homes, or in the
field, and time of assay.

Most assays for LH and FSH measure the intact forms of the hormones (7-12), and thus factors
influencing dissociation of the subunits are ever present concerns. While limited storage at
refrigerated temperatures (up to 6 months) does not appear to affect the stability of intact LH
and FSH (7,9,13), storage at freezing or room temperature has been found to significantly
reduce the amount of intact urinary LH and FSH (7,9,10,13). One study, however, found no
effect of up to 10 freeze-thaw cycles on urinary LH and FSH measurements (12). Although
refrigerated temperatures do not appear to influence LH and FSH stability, large-scale
refrigerator storage is impractical in most settings.

Preservatives, such as glycerol, thymol, bovine serum albumin, boric acid, thimerosal, and
sodium azide, or adjustment of specimen pH to neutral, are used to prevent subunit dissociation
and ensure accurate measurement of intact LH and FSH (e.g., (7,9,10,13-15)). However,
preservatives have some limitations for population level research, including time and expense
invested in the advance preparation of specimen collection tubes for home or field collections,
potential assay interference, effects on other hormones to be measured in the same specimen,
and the fact that dilution volume correction may be necessary for the final urinary result (3,
13). Additionally, preservatives do not correct for any inter-subject variability that might exist
in modification of LH and FSH between circulation in the blood and excretion in the urine

(3).

Our objective was to develop immunoenzymometric assays to measure LH and FSH in spot
urines for population-level research that are robust to non-clinical collection and storage of
urine specimens, and do not require specimen preservation or extraction. Following the
approach of Qiu et al. (3), we identified antibodies specific to BFSH and BLH and developed
assays that would measure the total amount of each B subunit in urine specimens, whether they
were in intact or dissociated form.

A total of 799 daily urine and serum specimens were collected over one menstrual cycle from
30 US women in 1997-1998. Thirteen women aged 20-25 years and 17 women 40-45 years
old were recruited for a study on reproductive aging. Monetary compensation was provided,
participants provided written informed consent, and all procedures were approved by the
Institutional Review Board of the University of Washington. All participants were normally
cycling, in good health, had a mean body mass index of 22.6 kg/m2 (SD = 2.36, range 18.9 —
27.7), and were not using medications or hormones. Blood specimens were obtained by
venipuncture, beginning with the first day of menstrual bleeding and continuing until the first
day of menstrual bleeding of the subsequent cycle. Serum specimens were assayed within 1 to
2 months of collection for intact LH and FSH. The LH assay (DELFIA, Wallac Inc.,
Gaithersburg, MD, USA) cross-reacts less than 1% with FSH, and the inter- and intra-assay
CVs were 2.8% and 4.7% respectively. The FSH assay (DELFIA, Wallac Inc., Gaithersburg,
MD, USA) cross reacts less than 1% with LH, and the inter- and intra-assay CVs were 2.3%
and 4.6% respectively. All cycles were confirmed ovulatory by transvaginal ultrasound. Urine
specimens were taken daily in the clinic, usually before noon, at the same time as serum
collection and immediately stored at —20° C. Urine specimens remained frozen until thawing
two years later for assay and measurement of specific gravity.
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Urine Assays

Sandwich immunoenzymometric assays (IEMAs) were developed to measure urinary human
BLH and BFSH. For BLH, plates were coated with 10uL of pg/mL mouse monoclonal anti-
human BLH capture antibody (clone M38259, Fitzgerald Industries International, Inc.,
Concord, MA, USA) in sodium carbonate coating buffer (pH 9.6). Plates were incubated at 4°
C for 18 hours or up to one week. Antibody solution was discarded, and plates were blocked
with 20uL per well of 1% w/v bovine serum albumin in phosphate buffered saline (PBS), pH
7.5. After incubation for 2-8 hours at room temperature (RT) or overnight at 4°C, plates were
washed, and 10uL of calibrator (BLH, AFP3477A, NIDDK NHPP, A.F. Parlow; calibration
curve range 0 to 32.3 pmol/L), controls, and urine specimens, either neat or diluted in assay
buffer (PBS with 1% w/v bovine serum albumin), were added. After overnight incubation at
4°C, plates were again washed, and 10uL/well of biotin-conjugated monoclonal antibody
directed against the  subunit of human LH (mouse, clone B409, Scantibodies Laboratory,
Inc., Santee, CA, USA) (16) and biotinylated in our lab, was diluted to 300ng/mL in PBS
containing 1% w/v bovine gamma globulin, and added to the wells. To conjugate the B409
and the biotin, 1 mole of antibody to 12 moles of NHS-LC-biotin ester (Sigma-Aldrich, St.
Louis, MO, USA) dissolved in dimethylformamide were combined in pH 7.2 PBS, and allowed
to react at room temperature with stirring for 1 hour. The conjugated antibody was separated
from free excess biotin by dialysis against PBS, pH 7.2, for 48 hours at 4°C. Biotinylated B409
anti-p subunit LH antibody was stored at —80°C. After incubation with biotinylated antibody
overnight at 4°C, plates were washed and 10uL/well of alkaline phosphatase conjugated
streptavidin (Zymed, S. San Francisco, CA, USA) diluted in Tris-HCI buffer, pH 7.5, (1:1000
to 1:6000, determined by titration) was added to the wells, and incubated (one hour, RT). After
a final wash, 10uL/well of 1mg/mL p-nitrophenyl phosphate in 1M diethanolamine, pH 9.0
was added, and color developed for 2-3 hours in the dark. Absorbance was quantified (405nm
test and 570nm reference wavelength) using a Dynatech MR7000 spectrophotometer, and the
calibration curve was fitted using a four-parameter logistic regression (Biolinx 2.0 software,
Dynex Technologies, Chantilly, VA, USA).

A similar protocol was used to measure pFSH. Plates were coated with ng/mL of anti-human
BFSH monoclonal antibody (clone FS2.4A10.G10, Scantibodies Laboratory, Inc., Santee, CA,
USA) (3). After overnight (or up to one week) incubation, plates were blocked and specimens
and calibrators (calibration curve range 0 to 381.0 pmol/L, BFSH, AFP2911A, NIDDK NHPP,
A.F. Parlow) were added as described for the pLH assay. A rabbit polyclonal detection antibody
directed against human pFSH (NIDDK-anti-hBetaFSH-1, NHPP, A.F. Parlow) was diluted
1:10,000 and added to the wells. After overnight incubation (4°C), plates were washed and
incubated for 2-3 hours at RT with 10uL/well of goat-anti-rabbit IgG conjugated to alkaline
phosphatase. Plates were washed and substrate solution added as above. After color developed
(1-2 hours in the dark), optical density was quantified and a calibration curve was fit as
described for pLH.

Urinary hormone values were adjusted by specimen specific gravity (17). Specific gravity
measurements were taken with a hand-held urine specific gravity refractometer (Atago Uricon-
PN, NSA Precision Cells, Inc).

Dissociation of Subunits

In both the BLH and BFSH assays, the antibodies target the  subunit of the molecule. In the
BFSH IEMA, the antibodies bound the B subunit whether free from the alpha subunit or in the
molecule’s intact form. In the BLH IEMA, however, there was little cross-reaction with the
intact form of LH. For both the BLH and BFSH assays, we tested heating the specimens to
boiling to homogenize any inter-sample variation in dissociated hormone levels that might
result from differential excretion or specimen treatment before diluting and adding them to the

Clin Biochem. Author manuscript; available in PMC 2007 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Brindle et al.

Validations

Stability

Page 4

assay (3). We compared results before and after heating using 12 replicates each of 18 in-house
urine (male and female, 27-55 years) specimens. Aliquots of neat urine were heated according
to the conditions Qiu et al found to be optimal for complete dissociation of FSH into its subunits
without degrading the subunits—2 minutes in a heating block at 100°C (3,18)—and cooled
prior to dilution and assay. The specimens were heated and assayed in a single batch for both
assays.

Specificity of each assay was measured as the percentage of cross-reaction with high doses of
intact and dissociated subunit forms of hormones of similar structure: LH, human chorionic
gonadotropin, and thyroid stimulating hormone.

Recovery was determined as the percentage of added mass recovered from a urine matrix. For
each IEMA, zero, low, medium, and high doses of calibrator, diluted in assay buffer, were
added as 10% of specimen volume to each of six undiluted urine specimens with low, medium
and high endogenous concentrations of BLH and BFSH (19). Six replicate wells for each
specimen/dose combination were assayed in 10 separate batches. Recovery was estimated by
dividing the observed by the expected values, and expressed as a percentage.

Assay imprecision was estimated using a variance components model (20) to examine intra-
and inter-assay variation. Low, medium, and high concentration urine specimens run in
duplicate wells on 10 plates were used to estimate imprecision for each IEMA.

Minimum detectable dose was estimated as the lowest dose giving results significantly different
from zero (p <0.05) (based on duplicate wells, n = 20 microtiter plates) (21).

To assess assay parallelism, we used linear mixed effects models to test whether the slopes of
serially diluted specimens’ concentration plotted against urine volume per well was
significantly different from zero (19). Urine specimens (n = 8 for BLH; n = 11 for BFSH) were
diluted in assay buffer, and assayed in six replicate wells of each dilution and specimen
combination.

Urinary BLH and BFSH IEMA performance was also evaluated by comparing results with
established serum intact LH and FSH measures. Pearson correlations of paired urinary and
serum LH and FSH measures were calculated using averaged data from the 30 menstrual cycles,
aligned by day of serum LH surge (n = 799 specimens, 34 cycle days).

Large volume, pooled, in-house specimens (n = 8) were used to examine (1) the effects of long-
term storage at 4°C and at —20°C, and (2) stability during short-term RT storage and repeated
freeze-thaw cycles (FTC), on BLH and BFSH measured in urine specimens stored without
preservatives. Specimens were assayed on the day of collection to establish a baseline, then
divided into 1mL aliquots. To test the effects of long-term storage on both BLH and BFSH,
specimens were assayed after 1, 2, 4, 8, 16, 32, and 64 weeks stored at 4°C and at —20°C. One
additional storage condition was added for BLH, in which specimens were first heated, and
then stored refrigerated. To examine the stability of BLH and BFSH in urine specimens
subjected to short-term storage at RT and through repeated freeze-thaw cycles, specimens were
kept for 0, 1, 2, 4, and 8 days at RT, and then underwent 0, 1, 2, 4, or 8 FTC to determine if
there was any interaction between specimen treatment regimes. For the RT-FTC experiment,
the specimens were assayed in the same batch after all treatment scenarios had been completed.
Thus, the specimens were stored frozen, or refrigerated in the case of specimens with 0 FTCs,
for lengths of time varying from 7 to 28 days. For adequate statistical power to detect changes
in concentration, four aliquots for each specimen were subjected to each of the storage time
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and temperature conditions. Each of those aliquots was assayed in quadruplicate, with two
wells on one plate and two identical wells on another plate, to minimize the potential for bias
resulting from within-plate effects. This design balances within and between plate effects in
the experiment to make treatment effects apparent. The same specimens and baseline values
were used as the basis for comparison with results from both sets of treatment experiments.
Results were analyzed using linear mixed effects models.

Heating specimens prior to assay to dissociate the alpha and B subunits significantly increased
BLH, but not BFSH, concentration (Table 1). BLH values were 220% higher on average after
heating, and the proportion of assay wells without detectable BLH values decreased from 33.3%
before heating to 1.4% after heating. BFSH values were not significantly different in specimens
before and after heating, and the proportion of wells with BFSH concentrations below the
detectable range changed only slightly (0% before heating to 2.3% after). We thus retained the
specimen heating step for the BLH assay, but not for the BFSH assay. All urine specimens used
in experiments to evaluate the performance of the p LH assay were heated before use, as were
BLH urine controls.

Cross-reactivity with hormones of similar structure, shown in Table 2, was very low for both
assays. The BLH assay showed slight (7.6%) cross-reaction with intact LH. The pLH IEMA
thus preferentially measures free  subunit of LH after specimens have been heated to dissociate
the heterodimer into its alpha and B subunits. The BFSH assay binds to B in both its intact and
free forms, but showed higher affinity (263% cross-reaction at 50% response) for intact FSH
than for the free  subunit of FSH.

Percentages of added mass at low, medium, and high doses recovered from a urine matrix are
shown in Table 3. Table 4 shows measures of intra- and inter-assay imprecision; within-assay
CVs for both IEMASs were below 6%, but between-assay CVs were considerably higher,
particularly for the BLH assay. Detection limits, estimated as the lowest dose for which results
were significantly different from zero (p <0.05) (21), were 2.5 pmol/L for BLH and 6.8 pmol/
L for BFSH (based on n = 20 microtiter plates). Both assays exhibited parallelism (Figure 1);
linear mixed effects models found that the slopes of serially diluted specimens (n = 8 for BLH;
n =11 for BFSH) concentration plotted against urine volume per well were not significantly
different from zero (BLH: average slope = —0.014, SD 0.013, p = 0.3; BFSH: average slope =
—0.06, SD 0.07, p = 0.4).

Urinary BLH and BFSH values paralleled the serum intact LH and FSH results across the
menstrual cycle (Figure 2). Pearson correlations between the urine and serum values for 30
averaged cycles were 0.86 for FSH and 0.95 for LH (n = 34 cycle days). Incorporating lag
effects between serum and urine results did not improve correlations. Correlations with a lag
of urine one day after serum were 0.68 for FSH and 0.50 for LH.

There was no evidence of a consistent trend in measurements of BLH and BFSH at intervals
varying from zero to 64 weeks of storage at 4°C and at —20°C. Individual-level data are shown
in Figure 3 and average concentrations across all specimens for each time point are shown in
Table 5. Estimates from the mixed effects models showed that freezer storage of pLH for 64
weeks resulted in a 3% decline from baseline. Larger decreases were seen for LH with storage
for 64 weeks in the refrigerator before (17%) and after (8%) applying heat to dissociate the
subunits. However, BLH showed no consistent trend across time for any storage type (p = .2)
(Figure 3, panel A). There were differences from baseline in BFSH results after storage
refrigerated or frozen for up to 64 weeks, but with no consistent trend in direction (Figure 3,
panel B). BFSH increased by less than 1% (p = .053) up to 32 weeks of refrigerator storage.
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There was no significant trend in BFSH up to 32 weeks for freezer storage (p = .7). There was
a 40% decline from week 0 in BFSH by 64 weeks (p<.0091), which was consistent across
storage type (p = .6).

The association between the number of FTCs and the number of days of storage at RT for
BFSH and BLH are shown in Figure 4. BLH increased slightly across FTC (1% increase/FTC,
p=.2) and days RT (3% increase/day RT, p =.0083) compared to baseline. BFSH varied across
FTC (maximum of 14% increase from baseline at FTC 1, p =.029), and across days RT
(maximum 7% increase from baseline at 2 days RT, p=.044), but showed no consistent decline
over FTC, (p=.2) or days RT (p = .9) with a <1% change in BFSH per unit for either variable.

DISCUSSION

The assays for BLH and BFSH described here were developed for large-scale, population-level
research, where collecting blood specimens is not logistically feasible, and commercially
available kit assays are prohibitively expensive. Validation and stability experiments
demonstrate their suitability for non-clinical research projects involving specimen collection
in study participants’ homes, where storage of the specimens is out of the investigators’ control,
and conditions may be less than ideal. These assays for urinary free BLH and total BFSH are
inexpensive compared to commercial kits, the reagents are readily available, and they are robust
to the types of collection and storage conditions characteristic of non-clinical, population-level
research. Hormone patterns obtained from the urinary assays closely parallel those derived
from serum measures, but the urine specimens are less cumbersome and invasive to collect
and process.

The BLH and BFSH IEMAs showed acceptable performance in evaluations of recovery,
parallelism, minimum detectable dose, and specificity. For both assays, within-assay
imprecision was low. Between-assay imprecision was higher, suggesting a need for careful
quality control to detect differences between assay batches. For BLH, all specimens used in
the validation experiments were heated as suggested for routine use of the assay, and all results
suggest accurate and reliable performance with heated specimens. Results of the cross-
reactivity experiments were congruent with those of the pre- and post-heating experiments for
both assays. The BLH assay had very little cross-reactivity with intact LH, but the BFSH assay
detects the 3 subunit whether in free or heterodimer form. Parallelism in serially-diluted
specimens (Figure 1) and the parallel dose-response curves of BFSH and intact FSH (data not
shown) used to calculate cross-reactivity demonstrate that although the assay preferentially
binds intact FSH, calibration by BFSH provides valid results. However, these results suggest
that it would be possible to use intact FSH reference preparations to calibrate this assay in place
of the free  subunit reference preparation used here.

Both assays showed very little within-assay noise, and acceptable between-assay variability
with imprecision estimated from ten microtiter plates using a standard method described by
Rodbard (20). However, BFSH assay between-batch variability in the long-term storage
experiments appeared to be higher than would be expected given our estimates of assay
imprecision. Given the timed nature of the storage experiment, and that the experiment was
designed to look for change in concentration across time and treatment, some results that may
have been rejected under strict quality control criteria were included in the analyses. This was
necessary to avoid biasing results in the direction of finding no effect of storage time. Four
aliquots were made for each specimen/treatment combination, and each of those four aliquots
was assayed in quadruplicate, with the aim of increasing statistical power for detecting
differences between storage time and treatment. These two elements of the experiments design
may, however, have contributed to the appearance of higher BFSH assay imprecision in the
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long-term storage experiments, as even outliers among the 16 replicate results for each
specimen/treatment combination were retained to avoid introducing bias.

Linear mixed effects models did not find any evidence of a consistent trend in either direction
over storage time for either assay. With respect to long term storage, we found that BLH was
stable at 4°C (17% decline) and —20°C (3% decline) for up to 64 weeks. BLH measures for
week 16 of the long-term storage experiment are missing because an error was made while
carrying out the assay. However, because there was little change between weeks 8 and 32 of
the experiment, a change in BLH at week 16 is unlikely. Storing specimens frozen after heating
was not tested for the BLH assay; this storage scenario is unlikely to be efficient for processing
and assaying large numbers of specimens.

There was no net decline in BFSH by 32 weeks at either 4°C or —20°C storage, but there was
a significant decline (40%) between weeks 32 and 64 for both storage conditions, as well as
higher variability across storage time as compared to BLH. For BFSH, results of the storage
experimentare difficult to interpret. Specimens were not heated to ensure complete dissociation
of the subunits for the BFSH assay. It may be that the relative proportions of BFSH in the free
and intact forms changed with long term storage, and this result may reflect the assay’s
preference for measuring BFSH still in the intact form over free BFSH, demonstrated in the
cross-reactivity experiment. If this is the case, long term storage beyond 32 weeks may present
a problem unless there is uniformity in storage time and conditions for all specimens across a
single study. However, batch and time effects are confounded in the long-term storage
experiment, but the lack of a consistent trend in BFSH values over time is suggestive that storage
time may be less important than batch. Perhaps the most informative long term storage
experiment we conducted was unintentional: urine specimens frozen for two years before assay
yielded gonadotropin patterns highly correlated with serum specimens assayed soon after
collection (Figure 2); the overall patterns were clearly retained.

Our findings for BLH and BFSH stored long-term at 4°C are in agreement with other studies
reporting that urinary intact LH and FSH are stable without preservatives for several months
at4°C (7,9,13). While we found no significant loss in BLH or BFSH for up to 32 weeks at —20C,
other investigators report significant loss of the intact forms of these hormones when stored
frozen without preservatives for 1 to 24 weeks (7,9,10,13). We conclude that long term storage
at refrigerated or frozen temperatures is feasible when using assays targeting the dissociated
and intact forms of LH and FSH.

Overall, number of days at room temperature and number of freeze-thaw cycles had no
significant effect on the stability of BLH and pFSH as measured with our IEMAs. There was
a significant and unusual increase from baseline to the first FTC and first day at RT for pFSH
(Figure 4). The apparent increase in FSH between the baseline and all other treatments in the
RT and FTC treatment experiments was not seen in the long-term storage experiment. There
was some duplication of conditions between the two experiments, and they used the same
baseline values (from assay on the day of collection). Because the increase was not consistent
between the two experiments, we hypothesize that the increase may be an assay batch effect.
Further experiments are needed to determine if the increase reflects equilibration of the subunits
or other changes in composition of the specimens that occurs immediately after collection. If
this pattern is reproduced in future experiments, variability resulting from this increase could
be minimized or avoided by allowing all specimens to equilibrate for at least one day before
they are assayed.

Previous work found significant declines in urinary intact LH and FSH with storage at room
temperature (9,13) at 7 days and 7 weeks. Similarly, while previous work found effects of three
to ten freeze-thaw cycles on intact LH and FSH (9,12), we did not find any effects of up to 8
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freeze-thaw cycles on BLH and BFSH (less than 1% change per cycle for each). As with the
long term storage, we attribute the differences in these findings to the ability of our IEMASs to
target dissociated forms of LH and FSH.

Our BLH and BFSH IEMAs were developed using the approach taken by Qiu et al. (3) and
Clough et al. (22) targeting the subunits of the LH and FSH molecules for immunoassay. The
Clough et al. (22) assay targets intact LH and the alpha subunit of LH; a limitation of their
assay is cross-reactivity with the alpha subunits of thyroid stimulating hormone, human
chorionic gonadotropin, and FSH. Our BLH IEMA is highly specific for the dissociated
subunit of LH and is thus useful for research where high specificity for LH is required. The
main limitation for our BLH IEMA is the added step of heating urine specimens prior to assay.
Our FSH IEMA offers few advantages over the Qiu et al. (3) BFSH IEMA, except that heating
specimens prior to assay is not needed and both of the antibodies are widely available for our
assay.

Patterns of B-subunit LH and FSH may not be identical in all cases to those of the intact
hormones in serum, but are nonetheless likely to be biologically meaningful, and proportional
to pituitary production of intact LH and FSH. The B-subunits of LH and FSH are regulated,
produced and secreted separately from each other and from the common alpha subunit. Free
excess alpha may be found in the blood, whereas the free B subunits of each, which confer
specific biological actions, are rarely found in the plasma in healthy individuals (23,24).
Regulation of bioactive LH and FSH is most likely mediated by production of the f-subunits;
for example, changes in the frequency and amplitude of gonadotropin releasing hormone pulses
differentially stimulate synthesis of the B-subunits of each (25,26). Production of the B-subunit
is likely the limiting step in production of the bioactive heterodimer forms of both LH and FSH
(23), and would thus be expected to be proportional to the amount of bioactive hormone in
circulation.

Close monitoring of quality control data or running all specimens from each participant
together in the same batch are important for the BFSH and BLH assays. These assays are
designed for population-level, rather than for individual-level, diagnostic use. The results of
our storage time and temperature experiments suggest these assays provide reasonable
estimates of BLH and BFSH, even under the worst-case scenarios tested here.

These IEMAS for BLH and BFSH are effective and efficient for use in population-level studies
where practicality and cost prohibit the use of serum assays. Additionally, preservatives and
extraction are not needed: because they target the p subunit in urine specimens, these IEMAs
are robust to collection and storage conditions encountered in non-clinical research settings.
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BLH and BFSH assay parallelism. Log concentration of urinary BLH (top panel) and urinary
BFSH (bottom panel) plotted against log urine volume. Error bars are + 2 SE.
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Figure 2.

Mean (+ 2 SE) gonadotropin profiles of 30 cycles from daily paired urine and serum specimens.
Top panel: serum intact LH and urinary BLH; Bottom panel: serum intact FSH and urinary
BFSH. Cycles are aligned by day of serum LH peak (day 0). Number of observations varies
by cycle day, with a minimum of 4 observations on cycle days -17 and 16 and a maximum of
28 to 30 observations for cycle days -10 through 11. pmol/L SG Adj. = urinary hormone
concentration adjusted for specific gravity.
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Figure 3.

Long-term stability of BLH and BFSH in urine specimens. Log urinary BLH (Panel A) and
urinary BFSH (Panel B) measured after 0, 1, 2, 4, 8, 16 (BFSH only), 32, and 64 weeks of
storage refrigerated (R) or frozen at —20°C (F). Panel A, BLH, includes an additional treatment
where specimens were heated to dissociate subunits before storage in the refrigerator (HR).
Values at 16 weeks of storage are missing for BLH because laboratory errors led to assay failure.
Error bars are £ 2 SE.
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Effects of short-term room temperature storage and repeated freeze-thaw cycles. Log urinary
BLH (Panel A) and urinary BFSH (Panel B) measured after 0, 1, 2, 4, or 8 days at room

temperature (RT), and 0, 1, 2, 4 or 8 freeze thaw (FT) cycles. Error bars are + 2 SE.
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Table 1
BLH and BFSH before and after heating.
pLH B FSH
not heated heated not heated heated

N 216 213 216 216
# undetectable 72 3 0 5
# detectable 144 210 216 211
Mean (SD) pmol/L 14.7 (21.5) 36.4 (36.2), 85.4 (80.8) 71.5 (65.7)
Mean (SD) pmol/L differences, 217 (23.9) -13.9 (28.8)"

heated - not heated

*

p=0.0013

=007
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BLH B FSH
analyte maximum dose tested (pmol/ % cross reaction at maximum % cross reaction at maximum
L) dose tested dose tested
hLH alpha 384,615 0.00 0.05
hCG (CR127) 87,720 0.00 0.03
Intact TSH 176,680 0.00 0.02
BTSH 326,795 0.00, 0.05
Intact LH 175,440 7.60 0.02
BLH 322,580 100.00 0.69
Intact FSH 147,060 0.00 253_00Jr
B FSH 238,095 0.00 100.00

§Maximum dose is equivalent to 5pg/mL for each analyte.

*
Cross reaction at 50% response given, rather than at maximum dose; 101.8 pmol/L intact LH yielded 50% response relative to a BLH curve.

TCross reaction at 50% response given, rather than at maximum dose; 23.5 pmol/L intact FSH yielded 50% response relative to a BFSH calibration curve.
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IEMA Added dose, pmol/L Mean (SE) measured concentration, Mean (SE) recovery, %
pmol/L
LH 1.6 79(1.7) 102.5 (2.3)
32 9.3 (1.7) 98.4 (1.8)
6.5 12.7 (1.6) 100.4 (2.1)
FSH 19 67 (14) 95.4 (1.4)
38 85 (15) 94.6 (3.2)
76 129 (15) 101.3 (5.1)
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Assay Mean concentration (pmol/L) CV (%)
LH
Within-run 4.7 4.8
9.3 4.7
15.2 2.7
Between-run 4.7 25.7
9.3 20.3
15.2 23.2
FSH
Within-run 40.0 3.9
75.8 4.6
123.3 5.6
Between-run 40.0 145
75.8 14.5
123.3 17.0
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Mean (SD) BLH and BFSH concentrations across specimens (n = 8) over 64 weeks of storage.

Table 5
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B LH (pmol/L)

B FSH (pmol/L)

week refrigerator heat-refrigerator freezer refrigerator freezer

0 Baseline: 26.8 (25.2) Baseline: 87.2 (91.0)

1 30.1 (26.7) 33.0 (31.2) 28.5 (25.7) 111.2 (112.6) 76.3 (64.3)
2 27.4 (24.9) 32.4(30.3) 29.7 (27.3) 123.6 (104.4) 115.8 (106.5)
4 35.9(33.7) 37.8 (36.8) 30.0 (27.9) 102.4 (98.8) 89.7 (79.4)
8 34.7 (34.3) 43.8 (42.1) 25.2 (19.8) 72.7 (72.9) 60.5 (68.4)
16 - - - 87.0 (75.9) 73.1(63.7)
32 53.7 (50.9) 45.2 (44.6) 43.7 (43.5) 134.2 (131.4) 88.2 (72.3)
64 25.6 (26.5) 30.2 (31.1) 30.1 (30.0) 59.5 (63.0) 54.2 (55.9)
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