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Enrichment and immunoprecipitation of
22 kDa human growth hormone spiked into
human urine
T. K. Bane,∗a M. S. Timmons,b S. J. Kauffmanb and D. H. Catlinb

Approaches to detect whether an athlete has used growth hormone have been intensely investigated by sport organizations
for 20 years. This effort has led to a human growth hormone (hGH) isoform ratio test in serum that has been approved by WADA
and deployed at three Olympic Games, although a positive case has yet to be reported. We set out to determine whether the
ratio test could be applied to urine. First we investigated various ways to extract hGH from spiked urine. We were able to
recover 95% using selective centrifugal concentration. This fraction was then subjected to four different commercially available
immunoprecipitation kits. The highest yield was obtained with the Invitrogen Dynabeads Protein G kit. Nevertheless it is
apparent that these methods do not recover enough hGH for subsequent analysis by mass spectrometry. With further effort
greater recovery of the 22 kDa isoform might be achieved, however it is very unlikely that the 20 kDa isoform could be detected.
This method may be significantly improved by the application of both nanoparticle and aptamer technology. Copyright c©
2009 John Wiley & Sons, Ltd.
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Introduction

Media reports, police investigations and confessions of former
athletes regularly show that human growth hormone (hGH)
is widely used to enhance athletic performance.[1,2] Athletes
focus on the reports that hGH increases lean body mass, burns
body fat and shortens recovery times between training sessions.
Several scientific studies have been completed and there remains
disagreement as to whether hGH use is effective.[1] Clearly, though,
GH-deficient patients gain strength and muscle mass when hGH is
replaced.[3,4] In addition there is evidence that hGH in combination
with anabolic androgenic steroids (AAS), or when administered to
former users of AAS, does enhance performance.[5]

Twenty years ago the International Olympic Committee (IOC)
added hGH to the list of banned substances and in 1992 Professor
Sonksen, an expert on hGH, joined the IOC Medical Commission
to work on GH issues. In 1996 a grant was awarded by the IOC and
the EU to Sonksen to discover GH-dependent markers.[6] When
the World Anti-doping Agency (WADA) was formed by the IOC in
1999, hGH detection continued to be a priority. The years of intense
effort on the GH detection project indicate both the high degree
of difficulty and the determination of the sports community to
find a solution.[6] Progress has been slow but steady.

The two most evolved methods are (1) a measurement of the
ratio of the 22 kDa isoform of hGH to total hGH in serum and (2) the
quantitation of two GH dependent markers (PIIIP and IGF-I). Both
methods are based on detection of relevant substances in serum.
In the first method the administration of the recombinant 22 kDa
isoform of hGH results in high levels in serum, and by feedback
inhibition the levels of pituitary isoforms decline, thus altering the
22 kDa/total hGH ratio.[7,8] This ratio method is WADA-approved
and was used at the Athens Olympic Games in 2004, as well as
all subsequent Olympic Games; however, there are no official or

unofficial reports of positive cases.[6] This is generally attributed to
the short duration of the effect of hGH administration on the ratio.

The second method measures the concentrations of biomarkers
(PIIIP and IGFI) in serum by immunoassay in response to hGH
administration.[9 – 13] This method is well validated and supported
in the literature. It awaits WADA approval. Note that neither of
these two methods are based on identification of hGH by an
unambiguous analytical method. The hGH isoform ratio test is
carried out in serum with validated immunoassays. In contrast
there are no validated assays for hGH isoforms in urine largely
due to the low levels of hGH in urine. The ready availability
of urine in large volume makes it the body fluid of choice for
doping control.[14] Urine-based testing for peptide or glycopeptide
hormone doping agents such as insulin,[15] EPO,[16,17] and GnRH[18]

have been successfully validated. Saugy et al.[19] described the
detection of hGH in urine by immunoassay in 2007 although it has
not been validated or approved by WADA.

We began work on hGH more than two years ago when two
professional sport leagues asked if it might be possible to develop
a urine test. After considerable discussion on the high degree of
difficulty and low likelihood of success, we began to investigate the
feasibility of detecting hGH in human urine by mass spectrometry.
The project has two phases: the first is the optimization of a process
to enrich and concentrate hGH in urine and the second is to identify
hGH from a variety of endogenous and recombinant sources using
an Orbitrap mass spectrometer, an extremely sensitive type of
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LC/MS. This report focuses on immunoprecipitation methods[20,21]

for extracting and concentrating hGH that has been spiked into
human urine.

Materials and Methods
Purified proteins

The native 22 kDa isoform of hGH was obtained from the National
Hormone and Peptide Program, Torrance, California. Monoclonal
antibodies to hGH used for western blotting and immunopre-
cipitation included mAb 1067, R&D Systems, Minneapolis, MN
and mAb A36020 BiosPacific, Emeryville, CA. Polyclonal antibod-
ies used for western blotting and immuno-precipitation included
AF1067 Goat from R&D, AFP-C11981A Rabbit from National Hor-
mone and Peptide Program, and sc-10 365 Goat from Santa Cruz
Biotechnology, Santa Cruz, CA. Secondary antibodies for western
blotting were purchased from Invitrogen, Carlsbad, CA: HRP-Rabbit
Anti-Goat (#81-1620), HRP-Goat Anti-Mouse (#81-6520), HRP-Goat
Anti-Rabbit (#65-6120).

Urine enrichment/concentration by centrifugal membrane
separation

In order to concentrate hGH in urine, 20 mL aliquots were
spiked with increasing amounts of native 22 kDa hGH (50 to
1000 ng), then added sequentially to centrifugal membrane filters
(Sartorius Biotech, Goettingen, Germany) with 10 and 50 kDa
molecular weight cutoffs (MWCO). In Figure 1, the retentate
from the 10 kDa MWCO filter was recovered, diluted in 20 mL
of immuno-precipitation buffer (0.01 M PBS, pH 7.2, 0.15 M NaCl,
1 mM MgCl2, 1 mM CaCl2), and applied to the 50 kDa MWCO
filter. All centrifugations were carried out for 30 minutes at 5000 g
at room temperature. The amount of native 22 kDa spiked into
20 mL urine samples was gradually reduced over the course of the
work, to 100 ng total in the final Invitrogen Protein G Dynabeads
experiment described below. This was the smallest amount of
22 kDa that could be detected in 20 mL of urine by all four kits.
The concentrations of hGH were determined by Immulite 1000
(Siemens Healthcare Diagnostics, Deerfield, IL).

Visualization

Electrophoresis

All gels/blots were run on the XCell SureLock Mini gel/blotting
system (Invitrogen, Carlsbad, CA) according to the man-
ufacturer’s instructions, in 4–12% Bis-Tris gels with 2-(N-
morpholino)ethanesulfonic acid (MES) as the running buffer. Gels
were stained by Coomassie blue stain.

Western blotting

Proteins were electrotransferred from the gels to PVDF membranes
(Immobilon-P, Millipore, Bedford, MA). Immunological detection
was performed in all cases with anti-hGH polyclonal antibodies
(Rabbit AFP-C11981A, National Hormone and Peptide Program,
Torrance, CA) at 1 : 25 000 dilution overnight at 4 ◦C with rotation.
After extensive washing with Tris-buffered saline/Tween-20, the
blots were further incubated for 60 minutes at room temperature
with the appropriate horseradish peroxidase (HRP)-conjugated
secondary antibodies. Upon completion, a chemiluminescent
substrate (ChemiGlow, Alpha Innotech, San Leandro, CA) was
added and the image acquired by a FluorChem Imager (Alpha
Innnotech, San Leandro, CA).

Figure 1. SDS-page gel stained with Coomassie blue and western blot
analysis of urine samples spiked with various amounts of 22 kDa hGH.
The SDS-page gel (Figure 1A, lanes 1–5) show the results for five 20 mL
urine samples spiked with 50, 100, 250, 500 and 1000 ng, respectively
and processed sequentially with 10 kDa and 50 kDa MWCO centrifugal
membrane filters. The final total volume is approximately 100 µL. In
Figure 1B a western blot was performed on the five samples. It shows that
as the amount of hGH increases the amount of it that can be visualized
also increases. For lane 1 the hGH is barely visible indicating the threshold
for combined recovery and detection is approximately 50 ng/20 mL or
2.5 ng/mL.

Densitometry

Densitometry was performed on the acquired image as per the
manufacturer’s suggestions, with the Alpha Innotech AlphaEaseFC
software. Briefly, the gel image was divided into nine lanes of equal
width. Areas of peak density (bands) were automatically located
and quantified using the ‘Autogrid’ option on the software. Net
area counts were obtained by using the ‘Auto Base’ background
subtraction option. Data from each lane were exported onto a
spreadsheet to facilitate calculations. Percentage rates of recovery
for each procedure were calculated by comparing the hGH signal
in each lane to that found for a standard curve of 5, 25, 50 and
100 ng native 22 kDa hGH.

Immunoprecipitation methods

The Classic IP Protein G Kit was obtained from Pierce Biotech,
Rockford, IL. Cat. No. 45 218. All of Pierce’s buffers were used
according to the kit instructions. Briefly, 10.0 µg of an hGH-specific
antibody was incubated with 100 µL of enriched urine sample to
form a complex at 4 ◦C for 2 h with rotation. The complex was
captured by adding the sample to a cup containing 0.4 mL Protein
G resin and incubated for 2 h at 4 ◦C. The captured sample was
washed several times and eluted at pH 3.0.

The Direct IP Protein G Kit was obtained from Pierce Biotech,
Rockford, IL. Cat. No. 26 148. The buffers were used according to
kit instructions. Briefly, 20 µL of AminoLink Plus Coupling resin,
10 µg of an hGH-specific antibody and 6.0 mL of crosslinking
agent (sodium cyanoborohydride) are added to a column and
incubated at room temperature for 2 h with rotation. Following
several washes, 100 mL of enriched urine sample were added to
the spin column and incubated for 2 h at 4 ◦C. The captured sample
was washed several times and eluted at pH 3.0.

The Dynabeads M-280 Tosylactivated kit was obtained from
Invitrogen Corp., Carlsbad, CA, Cat. No.142.04. All of Invitrogen’s
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Figure 2. Diagrams explaining the differences between the four kits used to extract hGH from urine. In Figure 2A (upper left) the enriched and
concentrated sample is incubated with anti-hGH antibodies. Then agarose beads coated with protein G are added. This results in a bead/antibody
complex. After washing the hGH is eluted at pH = 3. In Figure 2B (lower left) the process is the same except that a crosslinking reagent and the antibodies
were incubated with the agarose beads coated with protein G. In Figure 2C tosyl activated magnetic beads are incubated first with anti-hGH antibody,
then added to the enriched and concentrated sample containing hGH. A magnet is used to hold the magnetized bead/anti-body complex while the
complex is washed. The hGH is eluted from the bead/antibody complex at pH = 3. In Figure 2D magnetized beads coated with protein G are incubated
with anti-hGH antibody. After this complex is washed, it is added to the enriched and concentrated sample. After washing the hGH is eluted at pH = 3.

buffers were used per kit instructions unless otherwise noted.
Briefly, 10 µg of an hGH-specific antibody were added to
1 mg of Dynabeads in coupling buffer and incubated at room
temperature for 48 h with rotation. Following several washes the
Dynabeads/antibody complex was added to a 100 µL enriched
urine sample and incubated for 2 h at 4 ◦C. The sample was eluted
in 0.1 M citric acid at pH 3.0.

The Immunoprecipitation Kit – Protein G Dynabeads was ob-
tained from Invitrogen Corp., Carlsbad, CA. Cat. No.100.07D. All
Invitrogen buffers were used per kit instructions. Briefly, 1.5 mg
of Protein G Dynabeads were incubated with 10 µg of an hGH-
specific antibody and incubated for 10 min at room temperature
with rotation. Following several washes the bound bead/antibody
complex was added to 100 µL of enriched urine sample, mixed by
pipetting, and incubated for 2 h at 4 ◦C with rotation. The captured
bead/Protein G/antigen complex was washed several times and
eluted at pH 3.0 with rotation at room temperature.

Results

In this series of experiments the strategy was: first, the enrichment
and concentration of hGH in a 20.0 mL urine sample, second,
recovery of the hGH by immunoprecipitation and third, the
detection of hGH by western blot.

Enrichment/concentration of the hGH fraction of urine pro-
teins

Figure 1 shows the fractionation of urinary proteins by centrifugal
membrane separation with selective molecular weight cutoffs
of 10 and 50 kDa. In this way hGH is enriched in a fraction of
proteins larger than 10 and smaller than 50 kDa. The complexity
of the samples was assessed by SDS-PAGE (Figure 1A) and the
enrichment of hGH by western blot (Figure 1B). The 50 kDa filter
was chosen as the upper limit for two reasons; first, to remove as
much as possible of the larger protein species, i.e., serum albumin

and immunoglobulins, and second, to include a 44 kDa dimer of
the 22 kDa isoform of hGH frequently observed at pH 7.2 in our
experiments. The figure indicates that the protein content of the
urine has been simplified and that hGH is enriched in proportion
to the amount added. As a control for sample loss, we measured
the concentration of hGH by Immulite 1000, which has an effective
concentration range of 50 pg/mL to 40 ng/mL, before and after
the concentration step and found >95% recovery for the process.

Recovery of hGH from an enriched sample

In order to ascertain the best method to recover hGH from a spiked
and concentrated urine sample we compared four widely used and
commercially available immunoprecipitation methods. All follow
the same basic format. First, the antibodies are crosslinked to a
solid phase. Next, the unbound antibody is washed off and finally
the bead/antibody complex is used to immunoprecipitate the
antigen from a sample. The final complex is washed several times
to remove nonspecific material and the antigen is eluted, usually
at low pH in a glycine buffer.

Initial method comparisons included two monoclonal and three
polyclonal antibodies to hGH (see ‘Materials and methods’).
Where possible method components were normalized, i.e.,
manufacturer’s suggestions as to solid phase necessary to bind
10 µg of antibody, reaction temperatures, and 100 ng hGH spike.
We evaluated and optimized our results based upon the following
criteria: percentage of the antibody crosslinked to solid phase;
percentage of the hGH present in the enriched urine sample
that was captured by the antibody and, finally, whether the
antigen could be efficiently eluted from the antibody without
significant interference from a co-eluting antibody. We monitored
the crosslinking step by SDS-PAGE gels and Coomassie staining.
Human growth hormone capture was analysed by western blot
and densitometry.

Table 1 summarizes the overall performance of the kits.
Crosslinking of the antibody was monitored by Coomassie

Drug Test. Analysis 2009, 1, 441–446 Copyright c© 2009 John Wiley & Sons, Ltd. www.drugtestinganalysis.com



4
4

4

Drug Testing
and Analysis T. K. Bane et al.

Table 1. Comparison of four methods for immunoprecipitating hGH

Criteria
Pierce classic
IP Protein G

Pierce Direct
IP Protein G

Invitrogen
Dynabeads M-280

Invitrogen
Dynabeads Protein G

Crosslink efficiency <15 40 <15 85+
Elution poor fair poor good

Antigen capture (% recovery) <5 <5 <25 50+
Co-elution of antibody poor good poor good

gel comparing crosslinked bead/antibody with the amount of
unbound antibody remaining in the crosslinking buffer post
reaction. Western blots were used to monitor the remaining
criteria. Efficient elution was measured by comparing the eluate
to a concentration curve and any hGH remaining bound on the
beads/antigen complex after elution. A poor elution indicates that
50% of the recovered sample remains on the beads. A fair elution
indicates that 15–20% of the samples remains and a good elution
indicates that elution was nearly quantitative. Antigen capture
success was measured by comparing the eluate to a concentration
curve of native 22 kDa by western blot.

It was also possible to observe antibody fragments that co-
eluted with hGH and were non-specifically bound by the primary
antibody in the western blot. Significant antibody signal was rated
as poor and little to no signal was judged to be good. This is a
major concern as non-crosslinked antibody can result in reduced
recovery of hGH and suppression of the hGH signal by mass
spectrometry.

The initial crosslink between the antibody and the solid phase
is a critical step in this process. Figure 2 shows a simple diagram
of this step for each product compared in the study. This process
affects the success of the antigen capture step. The antibody must
be efficiently and tightly bound to the solid phase and it must
not readily wash off. Each kit evaluation was performed with five
antibodies, two monoclonals and three polyclonals, based upon
the same criteria: crosslinking, recovery and elution. Experiments
were carried out simultaneously with additional monoclonal and
polyclonal antibodies. For the sake of brevity the process is
described in detail only for a single monoclonal antibody, R&D
Systems mAb 1067.

First we examined the efficiency of the crosslink between
the solid phase of each kit, agarose or magnetic beads, and
the antibodies. Figure 3 shows the results of the experiment
using the R&D mAb 1067. All of these results are in pairs. The
odd-numbered lanes contain the successfully crosslinked solid
phase/antibody complex and the even-numbered lanes contain all
residual antibody not successfully crosslinked. If the crosslinking
was not successful the odd lanes will appear blank. The Pierce
Classic IP – Protein G (lanes 1–2) and Invitrogen Dynabeads M-280
(lanes 5–6) gave poor results because of the large amount of
antibody remaining in the buffer following the reaction (lanes 2
and 6). The Pierce Direct IP – Protein G kit (lanes 3 and 4) was
an improvement in that it incorporates a chemical crosslinking
reagent into the reaction that covalently binds the antibody to
the Protein G coating the agarose bead. This makes the solid
phase/antibody bond resistant to downstream handling and co-
elution. Lanes 3 and 4 of Figure 3 indicates that approximately
40% of the antibody is bound to the bead.

Lanes 7–12 of Figure 3 illustrate an efficient crosslinking
reaction. Lanes 7, 9 and 11 indicate a crosslink between 1.5 mg of
Invitrogen Protein G Dynabeads and 10, 20 and 50 µg mAb 1067

Figure 3. Coomassie-stained SDS-PAGE gels are used to compare the
ability of four commercial kits to crosslink R&D mAb 1067 to a solid
support. The four gels are labeled above the corresponding kit. Staining
in lanes 2, 4 and 6 represents antibody remaining in the buffer following
the reaction. This is the fraction of the antibody that did not successfully
crosslink to the solid phase. Successfully bound antibody, if present, stains
in the odd lanes. For the first three gels (lanes 1–6), the crosslinking
reaction was carried out with the manufacturer’s suggested amount of
solid phase and 10 µg of antibody. In the final gel (lanes 7–12) the amount
of antibody was varied. For lane 7, 1.5 mg of Dynabeads Protein G was
crosslinked with 10 ug of antibody. For lanes 9 and 11 the amount of
antibody was increased to 20 and 50 ug. The even numbered lanes (8, 10
and12) show whether or not antibody remains in buffer. None is present
in lanes 8 and 10, however with 50 ug of antibody some remains in the
buffer (lane 12).

respectively. Lanes 8, 10 and 12 represent the antibody remaining
after successfully crosslinked material is removed by binding to
the Protein G coated magnetic bead. This figure indicates that the
Protein G beads have an efficient and large capacity to bind this
antibody. Excess, unbound antibody does not appear until lane 6
at the 50 µg level.

The second step in the method comparison involved the antigen
capture by crosslinked beads/antibody. Figure 4 is a comparison
of antigen capture using each kit and mAb 1067. The results with
the Classic IP - Protein G kit are shown in lanes 1–4. It can be
seen from lane 1 that greater than 90% of the hGH in the assay
remains unbound and contains significant antibody interference.
Additional hGH and antibody washed off and can be seen in lane
2. The overall signal for the eluted hGH is very weak and contains
antibody. These results agree with that seen for the kit in Fig. 3; the
crosslink efficiency and stability is poor and antibody in continually
released into the fractions. As there is only a fraction of the original
10 µg of antibody remaining in the immunoprecipitation step the
antibody capture is also very low.

The second blot in Figure 4 was produced by the Direct
IP – Protein G kit. This kit is very similar to the Classic IP – Protein
G kit above with the addition of a chemical crosslinker to improve
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Figure 4. Antibody capture and elution comparison of each method using the R&D mAb 1067 by western blot. For all kits the immunoprecipitation (IP)
was carried out according to manufacturer’s suggested amount of solid phase and 10 µg of antibody. All fractions were resolved by SDS-PAGE followed
by transfer to nitrocellulose and western blot. For each of the four blots the lanes are numbered. Lanes 1–4 represent the binding step supernatant,
two washes and the elution fractions respectively for the Classic Protein G Kit. Lanes 5–8 are the same for the Direct IP Kit. Lanes 9–11 represent the
binding supernatant, one wash and the eluate from the Dynabeads M-280 Kit. Lanes 12–15 represent the binding supernatant, wash, elution and used
bead/antibody following the elution step. Lanes 16–19 represent a standard curve of 5, 25, 50 and 100 ng of native 22 kDa hGH for signal comparison
and determination of capture-and-elution efficiency by densitometry.

the stability of the binding of the antibody to the Protein G on
the solid phase. As expected, this resulted in improved crosslink
efficiency (Figure 3, blot 2) and stability, as seen by the lack of
antibody in the blot. This did not result in improved antibody
capture. There remains significant hGH in the binding reaction
(lane 5) and very little signal for the elution (lane 8). Increased
crosslinking efficiency and stability appears to impede successful
antibody capture.

Dynabeads M-280 were used in the experiment shown in
lanes 9–11 of Figure 4. These three lanes represent the binding
supernatant, wash and elution fractions of the experiment. Lane 9
indicates poor overall antibody capture as most of the hGH signal
remains in the binding supernatant, and in agreement with the
corresponding gel in Figure 3, poor crosslink stability. Nonspecific
antibody signal is seen throughout the experiment. This instability
leads to poor antibody capture and elution (lane 11).

The final blot (lanes 12–19) shows the results obtained
with the Protein G Dynabeads kit. Lanes 12–15 represent the
binding supernatant, wash, eluate and beads/antibody following
elution, respectively. There is neither hGH nor antibody signal
in lanes 12, 13 and 15, and this indicates the stability of
the immunoprecipitation complex throughout the experiment,
minimizing possible downstream suppression effects. hGH signal
is found in lane 14 only. This indicates a successful antibody
capture and elution.

As a measure of the ability to recover the hGH in the Dynabeads
Protein G reaction we added a concentration curve of native
22 kDa hGH to this blot in lanes 16–19. Lanes 16–19 contained 5,
25, 50 and 100 ng respectively. The recovery of hGH for the Protein
G Dynabeads was determined to be greater than 50% by standard
densitometry measurement. The limit of detection by western blot
for this method is approximately 5 ng. This indicates that the hGH
present in the urine has been recovered and eluted successfully.

As these studies and comparisons evolved, the combina-
tion of poor or unstable crosslinking as shown by Coomassie-
stained gels led to the exclusion of the polyclonal antibodies.
As it became clear that the Protein G Dynabeads outper-
formed the other methods, the assay was optimized with that
method. Both the R&D Systems mAb 1067 and the BiosPa-
cific mAb A36020 performed well by our criteria, however, the
final optimized experiment was carried out with the former
due to uncertainties with the documentation obtained from
BiosPacific.

Discussion

The first goal was to develop a method to extract and concentrate
hGH from human urine. In the second part of the study we
intended to detect the hGH in the extract by mass spectrometry.
As the project developed, it became apparent that the enrichment
and immunoassay techniques would not be adequate to recover
sufficient hGH from urine for subsequent mass spectrometric
analysis. Even an Orbitrap mass spectrometer is not sufficient for
this task without additional elements.

Here we have shown that 22 kDa hGH spiked into urine
can be concentrated and recovered by centrifugal membrane
separation with selective molecular weight cutoffs of 10 and
50 kDa. This ultrafiltration process removes much of the albumin
and immunoglobulins, the major proteins found in urine. Under
these conditions the urine is concentrated and enriched in hGH
and >95% of the hGH is recovered.

The next step was to compare the performance of four
commercially available immuno-precipitation kits that could
be adapted to isolate hGH from urine. Five antibodies (two
monoclonals and three polyclonals) were tested. Invitrogen’s
Protein G Dynabead kit in combination with R&D Systems mAb
1067 gives the highest yields of cross-linked hGH antibody to solid
phase and it recovered more hGH (approximately 47%) than any
of the other kits. The other kits produced lower recoveries due to
inefficient and unstable cross-linking of the capture antibody to the
solid phase. Further there was evidence that some antibodies were
released during the hGH elution step. This reduced recovery and
would have suppressed the hGH signal during mass spectrometry.

These data provide a general framework for discussing the
feasibility of detecting hGH in urine. Considering three key factors,
the overall hGH recovery of 45% described here, the estimate
that an Orbitrap mass spectrometer might detect 0.2 ng of hGH,
and urine hGH concentrations of 1 pg/mL, the test would require
400 mL of urine. In sports drug testing, the usual collection is
about 100 mL. From these estimates it is evident that for the
urine method to be successful, a method capable of achieving a
much greater degree of hGH concentration is needed. Although
this large urine volume is not compatible with routine doping
control urine collection, experience with other tests shows that
optimization is likely to decrease the required urine volume.

The high volume of urine required emphasizes the need for
new and improved methods. In fact, a new method has been
described: a recent report discusses the use of custom designed
nanoparticles containing hGH ‘bait’ to extract and concentrate
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hGH.[22] The hGH concentration was 0.175 pg/mL in one human
urine. This is almost tenfold less than the prior estimates. Today
there are no instrumental methods capable of achieving that level
of detection. Any improved method must sufficiently enrich and
distinguish between all hGH isoforms in a urine sample for any
ratio and the effects of administered hGH on that ratio to be
measured. The difficulty will be that for a method to be useful it
must independently detect the 20 and 22 kDa isomers or it must
provide a direct estimate of the ratio. Lastly the extraordinary
degree of sensitivity and specificity of aptamers makes them ideal
for an hGH project.[23] Furthermore an aptamer directed against
hGH was very recently described.[24] It has not yet been developed
into a test but that will likely come soon.

Conclusions

One hundred nanograms of hGH was spiked into 20 ml of human
urine and concentrated into approximately 100 µL with 95%
recovery. From this concentrated sample approximately 50%
can be recovered by immunoprecipitation using the Invitrogen
Dynabeads Protein G kit. These recoveries are likely to improve
with further effort and new technology, however they cannot
currently supply sufficient 22 kDa isoform for quantitation by
mass spectrometry. In addition, the amount of 20 kDa isoform is
tenfold less, thus making the ratio method unfeasible in urine.
Sufficient recoveries allowing the measurement of hGH isoform
ratios may be possible using nanoparticles to enrich and aptamers
to detect and distinguish.
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