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Abstract 

The goal of this effort was to develop and validate non-radioisotopic immunoassays for measuring luteinixing 
hormone and follicle stimulating hormone in unextracted urine. Towards this goal, commercial time-resolved 
immunofluorometric assays (IFMAs) were modified. Validation demonstrated that the resultant assays were specific, 
sensitive, accurate, and precise. Urine matrix was shown not to interfere with the assay. Gonadotropin profiles 
generated using these assays conformed to those measured in urine and serum by other established immunoassays. 
These IFMAs afford the collective advantages of non-radioisotopic procedures and urine sample collection (conveni- 
ence, noninvasiveness, integration of pulsatile secretion), plus the superior sensitivity and specificity of IFMAs. 
Applications include epidemiology and medicine. 
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Estimating endocrine secretion rates histori- 
cally was performed by measuring biological ac- 
tivity in urine. This approach was virtually aban- 
doned with the advent of radioimmunoassays 
(RIAs), which permitted the measurement of the 
low hormone concentrations that circulate in the 
blood [l]. Recently, however, measuring urinary 
analytes has been rediscovered as a convenient, 
non-invasive means to monitor endocrine status 
daily for epidemiological and clinical evaluations. 
Furthermore, urinary measurements provide an 
integral of the pulsatile secretion patterns charac- 
teristic of most hormones [2-61. 

Time-resolved immunofluorometric assays (IF- 
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MAs) yield superior sensitivity and specificity rel- 
ative to RIA and obviate the drawbacks inherent 
to radioisotopes [4,7-101. The present report de- 
scribes specific IFMAs for measuring urinary 
luteinizing hormone (LH) and follicle stimulating 
hormone (FSH). 

MATERIALS AND METHODS 

Subjects and samples 
Urine samples were collected from healthy 

men and non-pregnant women for use in valida- 
tion studies. First morning urine was collected 
daily by 10 women for a total of 19 menstrual 
cycles [2,31 for evaluation of urinary endocrine 
profiles. All aspects of the study protocol were 
reviewed and approved by the National Institute 
for Occupational Safety and Health Human Sub- 
ject Review Board. All donating subjects pro- 
vided signed consent. 
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Reagents 
Two-site IFMAs (DELFIA@; Wallac Oy, 

Turku) described for measuring LH 1 (Cat. No. 
1244-031) and FSH (Cat. No. 1244-017) in serum 
[7-91 were adapted and validated for measuring 
LH and FSH in urine. The capture antibody in 
both assays was coated onto the wells of poly- 
styrene microtiter plates (Labsystems, Cat. No. 
9502-107; Middlesex). The detection antibody was 
labeled with europium. Both LH monoclonal an- 
tibodies were directed against distinct epitopes 
on the specificity imparting /3 subunit. The FSH 
capture antibody binds to the p subunit and the 
detection antibody recognizes the (Y subunit. 
Cross-reactivity of these antibody combinations 
has been described previously [7,81. 

Double demineralized water was used for all 
aspects of the assays. The wash solution and 
enhancement solution * have been described pre- 
viously [7] and were supplied with the kits; we 
prepared the assay buffer as previously described 
1111 excluding Aramanth cherry red 3. 

The FSH IFMA was calibrated against the 
World Health Organization Second International 
Reference Preparation of Human Pituitary FSH 
and LH for Bioassay (WHO FSH/LH IRP 
78/549). The LH IFMA was calibrated against 
the WHO Second International Standard for LH, 
Pituitary (WI-IO LH IS 80/552). The WHO First 
International Standard for urinary human FSH 
and urinary human LH (WHO FSH/LH 1” IS 
71/223) was donated by the National Institute 
for Biological Standards Control (UK) for valida- 
tions. 

t Note that the LH IFMA used herein does not cross-react 
significantly with human chorionic gonadotropin (hCG), in 
contrast to the DELFIA LH IFMA Cat No. 1244-006 that 
freely cross-reacts with hCG [9]. 

’ The enhancement solution dissociates the europium atom 
from the antibody molecule, thereby enabling the europium 
to fluoresce with greater efficiency. 

3 One lot of assay buffer provided by the manufacturer yielded 
FSH levels that were 51.8% lower than historic values for 
the quality control urine pools; serum pool values were 
normal (2.8% lower). Assay buffer prepared in the labora- 
tory yielded results equivalent to the “good” lots of the 
commercial assay buffer and was successfully used there- 
after. 

Assay procedure deuelopment 
The assay procedure as previously described 

[12] exhibited intra-plate shift. To minimize this 
shift, studies were conducted to test variables 
including: sample pipetting time; pipetting order 
of sample and assay buffer; plate temperature 
(ambient or ice bath) while pipetting samples; 
and time of incubation of sample with capture 
antibody before adding detection antibody. 

Briefly, the assay procedure, as modified based 
on these studies, was as follows: (1) plates were 
washed once; (2) 200 ~1 assay buffer, then 25 ~1 
sample were pipetted into assay plates coated 
with capture antibody; (3) plates were incubated 
on a shaker (3 h for FSH, 60 min for LH); (4) 
plates were washed (thrice for FSH; once for 
LH); (5) 200 ~1 labeled antibody was added; (6) 
plates were again incubated on a shaker (30 min 
for FSH; 15 min for LH); (7) plates were washed 
(six times for FSH, four times for LH); (8) 200 ~1 
enhancement solution was added; (9) plates were 
incubated for 5 min on a shaker, then 10 min off 
shaker; and (10) plates were counted. All proce- 
dures were conducted at 20-25°C. Plates were 
washed with wash buffer. 

Assay valiabions 
WHO FSH/LH 1” IS 71/223 was used to 

compare urinary FSH and LH standards with the 
kit pituitary standards. Relative potencies of the 
pituitary and urinary standards in these IFMAs 
were calculated by dividing each urinary concen- 
tration by the pituitary concentration which pro- 
duced an equal number of counts. The ratios 
calculated for the five levels used in the standard 
curves were then averaged to provide mean rela- 
tive potencies for FSH and LH respectively. 

Analytical recovery was studied by adding 
WHO FSH/LH 1” IS 71/223 spikes to assay 
buffer or urine samples (n = 4 for FSH, n = 3 for 
LH) containing low or undetectable amounts of 
endogenous gonadotropin. Spikes were 2.63, 10.4, 
42.0, and 176 mIU FSH/ml and 1.70, 7.08, 28.4, 
and 108 mIU LH/ml. Spikes were prepared in 
assay buffer and then added as 10% of the assay 
sample volume. Recovery was calculated as a 
percentage of the spiked assay buffer samples. 

Curves generated from serially-diluted urine 
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samples were tested for parallelism against pitu- 
itary FSH and LH standard curves. Original go- 
nadotropin concentrations in the urine samples 
used for these studies ranged from 26.3 to 134 
mIU FSH/ml (n = 3) and 10.6 to 82.9 mIU LH/ 
ml (n = 4). Samples were diluted 1 + 1 progres- 
sively with assay buffer. 

The effects of urinary pH and osmolality on 
gonadotropin measures were determined. For the 
pH experiments, more urine samples were stud- 
ied for FSH (n = 11) than for LH (n = 3) since 
initial studies suggested a non-significant trend 
for low pH to alter FSH estimates. Urine samples 
were adjusted to pH 3-4.5 using 12 M HCl and 
to pH 8-10 using 10 M NaOH. Urinary osmolal- 
ity was augmented 500 and 1000 mOsm/kg using 
granular NaCl (n = 5). Unadjusted urine samples 
served as the baseline. Original pH for unad- 
justed samples ranged from 5.4-7.4 and osmolal- 
ity ranged from 524-1023 mOsm/ kg. 

Precision was determined using five urine pools 
that span the range of the FSH and LH standard 
curves. Pools were measured in duplicate at the 
front and back of each of 2-7 micro-titer plates 
in 3-5 assays. Limits of detection were calculated 
as the smallest concentration of analyte for which 
there was 95% confidence of detection by the 
method [13], based on 11-14 assays. 

LH and FSH were measured in urine samples 
containing 0.52 M glycerol [14] collected daily 
during 19 menstrual cycles. Values were divided 
by creatinine concentration 1151. LH, 1,3,5(10)- 
estratrien-3-ol-17-one glucosiduronate (estrone 
3-glucuronide, E,3G), and 5/3-pregnane-3a,20cz- 
diol 3-glucosiduronate (pregnanediol 3-glu- 
curonide, Pd3G) had previously been measured 
in these samples by RIA [2]. Presence or absence 
of ovulation during these cycles was evaluated by 
transvaginal ultrasonography [2]. Correlation was 
calculated between LH values determined by 
IFMA and RIA [2]. 

Znstf7.unentation 
Instrumentation used to perform the IFMAs 

included a robotic sample processor (Tecan US 
Inc; Hi&borough, NC; Model RSP-8051~ID), a 
time-resolved fluorometer (Model 12321, plate 
washer (Cat. No. 1296-0241, reagent dispenser 
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and dispensing unit (Cat. Nos. 1296-041, 1296- 
0431, and plate shaker (Cat. No. 1296-002) (Wal- 
lac Gy; Turku). The time-resolved fluorometer 
excites, then after a 400 ps delay, counts fluores- 
cent activity in each microtiter plate well 1000 
times for one second. 

Statistical analyses 
LH and FSH concentrations were calculated 

using a smoothed spline 1161. Analysis of variance 
(ANOVA) was used to analyze the time-course of 
intra-plate shift. ANOVA for repeated measures 
was used to analyze effects of pH and osmolality, 
recovery of mass, and assay modifications. Con- 
trasts were performed in the case of significant 
main effects or interactions. Linear regression 
analysis was used to compare values obtained by 
IFMA vs. RIA and to test parallelism between 
curves generated from hormone preparations and 
samples [17]. Variance components were esti- 
mated using a mixed model ANOVA. Coeffi- 
cients of variation were calculated using the esti- 
mated variance components and the urine pool 
means. Precision about the mean is expressed in 
the text as &standard errors. 

RESULTS 

Assay procedure development 
Using the IFMA kit manufacturer’s proce- 

dures yielded a downward shift in urinary LH 

101 ’ ’ 
0 5 10 15 20 25 30 

Sample Pipetting Time (min) 

Fig. 1. Time-course of intra-plate drift for nrinaIy go- 
nadotropin concentrations. A urine pool was pipetted in du- 
plicate at 5-min intervals. * Indicates LH values that are less 
than initial concentration (P < 0.0003). FSH levels did not 
decrease over the 30-min period (P = 0.33). 
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Pipetting Time: 0 min w 

p<0.0001 
30 min 0 

p-o.053 

SamDIe-Buffer Samch-Buffer Buffer-Sample 
‘Warm Cold Warm 

Pipatting Conditions 

Fig. 2. Effect of pipetting conditions on intra-plate drift for 
urinary LH levels. Samples were pipetted into the micro-titer 
plates before (Sample + Buffer) or after (Buffer + Sample) 
the assay buffer. During pipetting, plates sat on the counter 
top at ambient temperature (Warm) or on ice (Cold). Statisti- 
cal interaction of shift by pipetting conditions; P = 0.029. P 
Values for contrasts are depicted. Means represent three 
incubation times (45, 90 and 360 min) for 3 urine pools 
pipetted in duplicate at 0 and 30 min. Urine pools spanned 
the standard curve range. 

TABLE 1 

Precision of IFMAs for FSH and LH a 

Pipetting Time: 0 min m 

” 

45 60 90 180 360 

Incubation Time (min) 

Fig. 3. Effect of incubation time (samples with capture anti- 
body) on intra-plate drift for urinary LH levels. Samples were 
pipetted into the micro-titer plates immediately before the 
assay buffer at room temperature. Shift-by-incubation time 
interaction; P=O.34. 60 min incubation was selected based 
on the smallest shift. Values represent means for 3 quality 
control urine pools pipetted in duplicate at 0 and 30 min. 
Urine pools spanned the range of the standard curve. 

Mean C.V. (%) b 
mIU/ml Between assay Within assay 

Plate Repl. Total 

Urine pools, FSH 
Normal 8.82 4.2 1.4 4.5 4.9 
Postmenopausal 398 7.2 3.1 3.4 4.6 
Low-spike ’ 2.48 

i 
, 4.1 3.5 4.2 5.5 

Medium-spike 15.8 6.3 2.4 3.1 4.0 
High-spike . 127.0 4.0 2.6 3.2 4.8 
Mean 5.2 2.6 3.7 4.8 

Urine Pools, LH 
Normal 7.69 4.5 2.1 3.9 4.5 
Postmenopausal 39.3 8.8 4.9 3.1 5.8 
Low-spike 1.61 8.4 5.4 7.7 9.7 
Medium-spike 12.1 7.1 0.4 4.7 4.9 
High-spike 110.0 4.7 0.0 5.0 6.4 
Mean 6.7 2.6 4.9 6.3 

B IFMA = Immunofluorometric assay; FSH = follicle stimulating hormone; LH = luteinizing hormone. b Coefficients of variation 
(C.V.s) represent variation among assays, plates, and replicates (Repl.). Within-assay C.V. is the sum of variation due to plates, 
replicates and the interactions of assay and plate with front-to-back within-plate variation. Note that C.V.s are not additive. Values 
represent duplicate determinations for pools positioned at the front and back of each of 2-7 microtiter plates in 3-5 assays. 
c Urine pools spiked with World Health Organization First International Standard for urinary human FSH and urinary human LH, 
71/223. 
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concentrations across the micro-titer plate as a 
function of sample pipetting time (P = 0.0001); 
this drift was significant by 20 min (P = 0.0003; 
Fig. 1). Drift was not observed over a 30-min 
interval for FSH (P = 0.33). LH drift was sub- 
stantial (P < 0.0001) when sample was pipetted 
before assay buffer, but marginal (P = 0.053) 
when buffer was pipetted before sample (Fig. 2). 
Although there was not a significant statistical 
interaction between shift and the incubation time 
for sample with capture antibody (P = 0.34; Fig. 
31, the 60-min incubation was selected based on 
the smallest shift. 

lo6 

lo5 

- 

E 
0 10’ 

w 

Q) 

FSH LH 
“‘“9 lo7 

0 Pituitary Std (80 552) : 
0 Urinary Std (71 223) - / 
A Urine Samples 

0 Pikry ktd (78j549) 
0 Urinary Std (71/223) 
A Urine Samples 
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Based on these results, the LH IFMA proce- 
dure was modified to: (1) minimize the time re- 
quired to pipette samples into a single plate by 
using a robotic sample processor; (2) add assay 
buffer before the sample; and (3) increase the 
incubation time to 60 min. Modifications 1 and 2 
were also incorporated into the FSH IFMA pro- 
cedure. 

Assay validations 
IFMA standard curves, plotted as log counts 

vs. log standard concentrations, were linear from 
0.25 to 256 mIU FSH/ml and 0.6 to 250 mIU 

Standard Concentration (mlU/ml) 
Fig. 4. Parallelism between standard curves derived from pituitary and urinary references (top panels) and between pituitary 
standard curves and serially-diluted urine samples (bottom panels) for the FSH and LH IFMAs. Pituitary FSH and LH references 
were from the DELFIA kits and calibrated by the manufacturer agahtst WHO FSH/LH IRP 78/549 and WHO LH IS 80/552, 
respecti~ly. Urinary reference was WHO FSH/LH 1st IS 71/223. Standard concentrations were based on bioactivities of the 
reference preparations as reported by WHO. Standards and urine samples were diluted with assay buffer. 
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LH/ ml. Slopes of standard curves generated from 
pituitary and urinary references (Fig. 4) were not 
different from each other for FSH (0.98 f 0.01 vs. 
1.00 f 0.01; P = 0.43) or LH (1.00 f 0.01 vs. 1.01 
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Fig. 5. Urinary endocrine profiles during normal ovulatory 
menstrual cycles. Values are means* SE. for 13 cycles from 
seven women. FSH values for one cycle were omitted because 
early follicular phase levels exceeded 40 mIU/mg CR; this 
cycle did exhibit an FSH surge coincident with the LH surge. 
FSH and LH were measured by IFMA (0); LH, E,3G, and 
Pd3G were measured by RIA (0). The ordinate scales for LH 
IFMA and RIA are different. 
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Fig. 6. Urinary endocrine profiles during a single ovulatory 
cycle. FSH and LH were measured by IFMA (0); LH, E,3G, 
and Pd3G were measured by RIA (0). Note the correlation 
between LH values measured by IFMA and RIA, and the 
concomitance between the FSH and LH surges. A bimodal 
LH surge was occasionally detected. The ordinate scales for 
LH IFMA and RIA are different. 

f 0.01; P = 0.48). Pituitary FSH and LH refer- 
ences, respectively, were 1.2 and 3.9 times more 
potent than the urinary references. 

Mean recoveries of added urinary go- 
nadotropin were 96.4 f 1.5% for FSH and 98.1 f 
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Fig. 7. Urinary endocrine profiles during a single cycle. The 
short luteal phase and low progestin levels are consistent with 
luteal phase deficiency. FSH and LH were measured by 
IFMA (0); LH, E,3G, and Pd3G were measured by RIA CO). 
The ordinate scales for LH IFMA and RIA are different. 

1.3% for LH and were not different from 100% 
(P = 0.098, P = 0.29, respectively). Recovery did 
not vary between levels of spikes (P a 0.22). 

Serial-dilution curves for standards and urine 
samples were parallel for FSH (slope = 0.97 f 
0.01 vs. 0.96 f 0.01; P = 0.74) and LH (slope = 
1.01 f 0.01 vs. 1.00 f 0.03; P = 0.80) (Fig. 4). 

Adjusting pH to, or beyond, the limits of the 
normal physiological range did not alter urinary 
FSH (P = 0.18) or LH (P = 0.16) values. Original 
pH levels ranged from 5.4 to 7.4. Similarly, uri- 
nary FSH and LH concentrations were not af- 
fected by increasing osmolality 500 and 1000 
mOsm/kg (FSH P = 0.19; LH P = 0.66). Origi- 
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Fig. 8. Urinary endocrine profiles during a single cycle. The 
absence of LH and FSH surges and Et3G and Pd3G eleva- 
tions indicates that this cycle was anovulatory. FSH and LH 
were measured by IFhiA (0); LH, E,3G, and Pd3G were 
measured by RIA (0). The ordinate scales for LH IFMA and 
RIA are different. 
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nal osmolality levels ranged from 524 to 1023 
mOsm/ kg. 

Measures of precision are presented in Table 
1. After modifying the IFMA procedures, intra- 
plate drift was absent for the five quality control 
urine pools for both LH (P 3 0.14) and FSH 
(P 2 0.88). The limits of detection for the urinary 
FSH and LH IFMAs were 0.11 and 0.19 mIU/ml, 
respectively. 

Of the 19 menstrual cycles characterized, 13 
were normal ovulatory cycles and 6 were atypical. 
Figure 5 depicts the mean profiles of urinary LH 
and FSH measured by IFMA during the normal 
cycles plus urinary LH, E,3G and Pd3G mea- 
sured by RIA. Basal LH levels surged abruptly 
coincident with the peak of the E,3G peak and 
initiation of the increase of Pd3G. FSH levels 
were elevated at the beginning of the follicular 
phase and decreased until the emergence of the 
preovulatory surge. (Graphic depiction of rising 
FSH levels during the first 6 days of the cycle is 
an artifact caused by relatively high FSH values 
from cycles with short follicular phases.) 

Urinary endocrine data for individual cycles 
are consistent with normal ovulation (Fig. 6; bi- 
modal LH surges were occasionally detected), 
luteal phase deficiency (Fig. 71, and anovulation 
(Fig. 8). LH concentrations measured by IFMA 
were regressed on those measured by RIA using 
data from 13 normal and 6 atypical menstrual 
cycles (partial r = 0.87; slope = 0.45; P < O.OOOl>. 

DISCUSSION 

There is a growing need for convenient, nonin- 
vasive methods to evaluate menstrual function. 
One application is epidemiological evaluation of 
female populations exposed, for instance, to toxi- 
cants or other hazards in the environment or 
workplace [2-5,181. Another is monitoring daily 
progress of the menstrual cycle in clinical set- 
tings, for instance to support in vitro fertilization 
and gamete intra-fallopian transfer [19]. 

The present report describes IFMAs that were 
modified and validated for measuring urinary 
FSH and LH. These assays are precise, accurate, 
sensitive, specific, and are not biased by urine 

matrix or extreme pH or osmolality. Modifica- 
tions incorporated to eliminate drift across assay 
plates included using a robotic sample processor, 
which reduces pipetting time for a single plate 
from 15-30 min by hand to 3-6 min by robot. 

An issue paramount to measuring urinary go- 
nadotropins is validating the reference prepara- 
tion to be used for standardization [20-221. The 
IFMA assays described herein employ standards 
of pituitary origin; our goal, however, is to mea- 
sure urinary gonadotropins. We demonstrated 
parallelism between the linear curves derived 
from pituitary and urinary preparations, for both 
FSH and LH. So while the urinary preparations 
were less potent than those from pituitaries, the 
difference in calibration was constant across the 
standard curve. WHO urinary and pituitary 
preparations calibrated on the basis of bioactivity 
were used in this study [W-25]. 

The preovulatory LH surges described here 
and elsewhere [2,4], measured by IFMA and RIA, 
are of greater duration than those measured in 
the circulation [261. The DELFIA LH kit insert 
depicts this same phenomenon - brief LH surges 
in serum and prolonged LH surges in urine - 
indicating that this dichotomy is demonstrable 
within the same assay. 

Some assays fail to detect LH surges in all 
ovulatory cycles [27]. An assay, such as the IFMA 
described in this report, which measures a pro- 
longed preovulatory LH surge has clear advan- 
tage in detecting this event essential to reproduc- 
tion. 

Explanations for this dichotomy of surge dura- 
tion are rather elusive. One possibility is that 
gonadotropins filtrate through the glomerulus, re- 
absorb into the proximal tubule [28], accumulate 
in the proximal convoluted tubules, and may then 
be secreted back into the urine during subse- 
quent days [29]. Conceivably, through this cir- 
cuitous renal pathway, gonadotropins could be 
slowly released into the urine for days after hav- 
ing been cleared from the circulation. 

LH concentrations measured by the IFMA 
were lower than those measured by the RIA. 
This difference does not appear to be due to 
calibration, since both assays appear accurately 
calibrated to the WHO LH IS 80/552 [data 
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herein, 201. Rather, this difference most likely 
reflects the greater specificity imparted by the 
two-site monoclonal immunometric assay com- 
pared to the competitive polyclonal immunoassay 
[30-321. 

The many epitopes on FSH and LH and the 
range of sites recognized by different antibodies 
or antisera make it difficult or impossible to 
attribute accuracy, in a classical sense, to im- 
munoassays that measure these types of complex 
antigens, even after conducting conventional vali- 
dation tests [16,17]. This is exemplified by profi- 
ciency program surveys 4 which index analyte val- 
ues according to the specific assays. Indeed val- 
ues across assays may vary by 20-fold. 

Thus, assays should be validated against a 
standard preparation that matches the sample as 
closely as possible. For our studies, we deter- 
mined that a urinary gonadotropin preparation 
(WHO FSH/LH 1”’ IS 71/223) was recognized 
in a manner parallel to the pituitary reference 
and with approximately proportional potency rel- 
ative to those determined by bioassay 123-251. 

Despite differences in absolute values, the cor- 
relation between the profiles generated by the 
two LH assays is remarkable (Figs. 5-8). Others 
[31,32] have demonstrated that serum LH bioac- 
tivity correlates better with values measured by 
two-site immunometric assays than with RIA, es- 
pecially during physiological and clinical condi- 
tions during which LH levels are low. Whether 
this relationship is also true for LH measured in 
urine remains to be determined. The superior 
sensitivity of these IFMAs, relative to other im- 
munoassays, enhances the ability to measure low 
gonadotropin levels in dilute urine samples. 

The urinary FSH profiles conform to those 
previously described in serum. Levels were high 
at the early stages of the follicular phase and 
decreased as the phase progressed [261. A preovu- 
latory FSH surge was generally, but not always, 
discernable and attendant to the LH surge. 

In summary, time-resolved immunofluoromet- 
ric assays were validated for measuring urinary 

4 The Interlaboratory Comparison Program, College of 
American Pathologists, Northfield, IL, and The Bio-Rad 
Quality Control Program, Bio-Rad Labs., Anaheim, CA. 
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FSH and LH. These non-radioisotopic assays af- 
ford advantages for epidemiological or clinical 
application inherent to urine sample collection 
(convenience, noninvasiveness, integration of pul- 
satile secretion) and the superior sensitivity and 
specificity of IFMAs. 
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