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Because multiple signals are required to maintain 
the system in a balanced state, no single biomarker 
is sufficient to define a system. On the other hand, 
measuring multiple analytes, one at a time, can be 
inefficient or impossible because of sample volume 
limitations. To overcome these challenges, we developed 
a multiplex immunoassay panel, based on Luminex 
xMAP® magnetic bead-based technology, that enabled 
the simultaneous quantitation of metabolism-relevant 
analytes1. In this application note, we describe a new, 
improved metabolic hormone magnetic bead-based 
assay panel that enables the detection of 13 analytes, 
including:
•	 �Pancreatic hormones: amylin (active or total), 

C-peptide, glucagon, insulin, and pancreatic 
polypeptide (PP)

•	 �Gut hormones: active ghrelin, gastric inhibitory 
peptide (GIP), glucagon-like peptide 1 (GLP-1, active 
or total), and peptide YY (PYY)

•	 �Adipokines: leptin, IL-6, monocyte chemotactic 
protein-1 (MCP-1), and tumor necrosis factor α 
(TNFα) 

Application Note

A new MILLIPLEX® map multiplex 
panel enhances simultaneous 
quantitation of metabolic hormones 
in human serum and plasma
Obesity, diabetes, cardiovascular disease and associated conditions under the umbrella of Metabolic Syndrome are 
urgent health issues. Hormones produced  by various organs of the endocrine system, including adipocytes, the  
pancreas and the gastrointestinal tract, play an integrated role in regulating energy, food intake  and whole body 
metabolism (Figure 1). With the incidence of type 2 diabetes on the rise even among children and teens, and with 
links being made between metabolic signaling and tumor progression, the study of hormones linked to metabolic 
syndrome is essential to both treatment and prevention.

Figure 1. 
Multiple signals secreted to the brain by various organs 
contribute to maintaining the balance between food intake 
and energy expenditure, to regulate body weight and 
metabolism.
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Materials and Methods 
Multiplex assays were conducted using the MILLIPLEX® 
map Human Metabolic Hormone Magnetic Bead Panel 
(Cat. No. HMHEMAG-34K), following the instructions in 
the included protocol. 

To determine the changes in metabolic hormone levels 
with respect to food intake, blood samples were collected 
from normal subjects (n=20) after overnight fasting or 
one hour after eating a standard breakfast. The protease 
inhibitors (DPPIV inhibitor, AEBSF, protease inhibitor 
cocktail) were immediately added in the collected blood 
samples. The serum and plasma samples were separated 
and measured with the MILLIPLEX® map Human Metabolic 
Hormone Magnetic Bead Panel according to the assay 
protocol.

The same samples were also evaluated using the High 
Sensitivity GLP-1 Active ELISA Kit, Chemiluminescent 
(Cat. No. EZGLPHS-35K) using the included protocol.

Results
Using standards for each analyte serially diluted in serum 
matrix, standard curves were prepared to determine the 
assay response (measured in Mean Fluorescence Intensity 
(MFI)) with respect to analyte concentration (Figure 2A). 
The standard curves established linearity of the assay 
over three to five orders of magnitude for all analytes  
(Figure 2B). No cross-reactivity was seen within the panel 
(data not shown). The assays showed high recoveries 
(94%-107%) and good precision (less than 10% intra-
assay coefficients of variation (CV) and 15-20% inter-
assay coefficients of variation (Figure 2B).

These immunoassays were developed using magnetic 
bead-based Luminex xMAP® technology, which consists 
of a capture antibody immobilized on magnetic beads 
and a biotinylated detection antibody. Magnetic 
bead-based assays provide several advantages over 
non-magnetic bead-based assays, including easier 
automation and high-throughput screening, more 
flexible plate and plate washer options and elimination 
of technical obstacles (i.e., clogging of wells) which may 
result from vacuum manifold/manual washing. 
One key advantage of this metabolic hormone assay 
panel is the inclusion of an assay for total GLP-1 and 
a high-sensitivity assay for active GLP-1. In addition 
to evaluating the accuracy and precision of the entire 
panel, we compared the performance of the high 
sensitivity GLP-1 active MILLIPLEX® map assay to the 
results obtained using the established, high sensitivity 
GLP-1 active ELISA (Cat. No. EZGLPHS-35K).

Analyte Std Range (pg/mL) Sensitivity (MinDC) 
Recovery in serum 

matrix (%) Intra-assay CV (%) Inter-assay CV (%) 

Amylin Active 14 - 10,000 16 97 <10 <20 
Amylin Total 14 - 10,000 13 104 <10 <20 
C-Peptide 27 – 20,000 9.5 99 <10 <15 
Ghrelin 14 -10,000 14 105 <10 <15 
GIP 1.4 – 1,000 0.6 103 <10 <15 
GLP-1 Active 2.7 – 2,000 1.2 99 <10 <15 
GLP-1 Total 2.7 – 2,000 2.5 103 <10 <20 
Glucagon 14-10,000 13 101 <10 <15 
IL-6 2.7 – 2,000 11 94 <10 <15 
Insulin 137 – 100,000 87 97 <10 <15 
Leptin 137 – 100,000 41 102 <10 <15 
MCP-1 14 – 10,000 14 106 <10 <15 
PP 2.7 – 2,000 2.0 104 <10 <15 
PYY 14 – 10,000 90 107 <10 <15 

TNFα 0.7 - 500 0.3 97 <10 <15 

Figure 2. 
Standard curves (2A) and validation data (2B) calculated using analytes serially diluted in matrix and analyzed using the 
MILLIPLEX® map Human Metabolic Hormone Magnetic Bead Panel (Cat. No. HMHEMAG-34K).
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Next, we evaluated the performance of the multiplex panel in biological samples. As expected, the levels of multiple 
metabolic hormones changed in response to ingestion of food (increases in serum C-Peptide, GIP, active GLP-1 and 
Insulin shown in Figure 3A. The comparison of matched human serum and plasma samples showed that the sample 
concentrations in serum and plasma are very comparable for majority of the analytes (representative analytes shown 
in Figure 3B).

Figure 3. 
Multiplexed analysis of 
metabolic hormones in 
human serum (with protease 
inhibitors) and plasma 
from fasting or post-
prandial subjects. Expected 
increases were seen in serum 
C-Peptide, GIP, active GLP-1 
and Insulin (3A). Comparison 
of serum analyte levels to 
plasma analyte levels showed 
good correlation as seen by 
the slope and R values in the 
correlation curves (3B).
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3B.
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We compared the quantitation of active GLP-1 using the MILLIPLEX® map Human Metabolic Hormone Magnetic Bead 
Panel with GLP-1 quantitation using the established method, EMD Millipore’s high sensitivity active GLP-1 ELISA 
kit (Figure 4). Standard curves created using serially diluted standards of purified GLP-1 showed extremely similar, 
nearly overlapping assay response and linear range of the assays (Figure 4A). Comparing measured levels of GLP-1 in 
biological samples using the MILLIPLEX® map assay with results obtained from the ELISA kit (Figure 4B) showed good 
correlation between the two methods, with slope and R value approaching unity. Finally, both methods showed the 
expected increase in GLP-1 with respect to food intake (Figure 4C and 4D).

Figure 4. 
Correlation between 
MILLIPLEX® map GLP-1 
(active) assay results and 
high sensitivity GLP-1 
(active) ELISA results for 
GLP-1 standard (4A), serum 
samples (4B) and comparison
of fasting to postprandial 
subjects (4C and 4D).

4A.

4C.

Finally, we compared metabolic hormone levels measured using three different methods: the MILLIPLEX® map magnetic 
bead assay panel, an assay panel from Supplier A that was not based on Luminex® technology, and a Luminex® 
technology-based assay panel from Supplier B.
 
Figure 5 shows the comparison between the MILLIPLEX® map magnetic bead assay panel and the non-Luminex® assay 
panel from Supplier A. Note that Supplier A’s assay required 40 µL of sample, while the MILLIPLEX® map assay required 
only 25 µL. Comparing the assay characteristics (Figure 5A) showed that assay sensitivity and dynamic range were 
comparable for representative analytes. Comparison of the data obtained (representative analytes shown in Figure 
5B) also showed that the assay platforms, in general, gave well-correlated analyte quantitation, with the exception of 
glucagon and leptin. For these analytes, data from each assay platform was compared with ELISA quantitation results, 
and it was found that the MILLIPLEX® map assay results matched the ELISA results more closely than did Supplier A’s 
assay (data not shown)13. We assessed the biological relevance of the new MILLIPLEX® map GLP-1 (active) assay as well 
as Supplier A’s GLP-1 (active) assay by comparing calculated analyte levels with ELISA data (Figure 5C and 5D) and 
found very good correlation (R=0.89 and R=0.91, respectively).
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Figure 5. 
Comparison between 
MILLIPLEX® map (MM) 
multiplex assay and a 
different assay from Supplier 
A not based on Luminex® 
technology. We compared 
assay characteristics (5A) and 
calculated concentrations 
(5B) for representative 
analytes. Quantitation of 
active GLP-1 using both 
assays was compared with 
ELISA data (5C and 5D).
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Figure 6 shows the comparison between the MILLIPLEX® map magnetic bead assay panel and another Luminex® 
technology-based assay from Supplier B. On average, the two assay panels provided similar sensitivity and range 
(Figure 6A). The MILLIPLEX® map assay protocol was slightly simpler and introduced less potential pipetting error, 
compared to Supplier B’s assay, which required dilution of the sample. Figure 6B showed well-correlated analyte 
quantitation using the two assays for C-peptide, GIP and insulin, but very poor correlation for active GLP-1, glucagon, 
and leptin. We believe our active GLP-1, glucagon and leptin sample values were more accurate, because these 
assay data were better correlated with ELISA results13. Moreover, active GLP-1 and glucagon levels measured using 
MILLIPLEX® map assays were consistent with reported sample values in publications2-12, while the sample values 
generated using Supplier B’s panel were much higher than published data.

Figure 6. 
Comparison between MILLIPLEX® map (MM) multiplex assay and a different Luminex®-based assay from Supplier B. We compared assay characteristics (6A) and 
calculated concentrations (6B) for representative analytes. 
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Conclusion
The new MILLIPLEX® map Human Metabolic Hormone 
Panel is a second-generation multiplex panel for the 
simultaneous quantitation of crucial metabolism 
analytes. Compared to the previous MILLIPLEX® map 
human metabolic panel (Cat. No. HMHMAG-34K), the 
new panel features more sensitive detection of active 
GLP-1 by using a new antibody pair. Addition of a Total 
GLP-1 assay enables the user to select either active GLP-1 
or total GLP-1 for this panel. The sample data of these 
two analytes are highly correlated to ELISAs. 

Our analytical and biological validation data have 
demonstrated that this multiplex panel is sensitive, 
accurate, and reproducible.  The sample values generated 
with this new panel are consistent with the first 
generation panel (Cat. No. HMHMAG-34K) and Human 
Gut Panel (Cat. No. HGT-68K). 

Comparing this new Human Metabolic Hormone Panel 
with other commercially available multiplex assays 
revealed that this kit is more user-friendly and robust, 
and the assay performance is similar or better than kits 
from other suppliers. This new panel has the potential 
to be a very useful tool for basic research and clinical 
studies in the areas of metabolic disease and other 
related pathophysiologies.

References
1.	� Gibbons C, Caudwell P, Finlayson G, Webb DL, Hellström PM, 

Näslund E, Blundell JE. Comparison of postprandial profiles 
of ghrelin, active GLP-1, and total PYY to meals varying in 
fat and carbohydrate and their association with hunger 
and the phases of satiety. J Clin Endocrinol Metab. 2013 
May;98(5):E847-55. 

2.	� Unger RH, Aguilar-Parada E, Müller WA, Eisentraut AM. 
Studies of pancreatic alpha cell function in normal and 
diabetic subjects. J Clin Invest. 1970 Apr;49(4):837-48. 

3.	� Marliss EB, Aoki TT, Unger RH, Soeldner JS, Cahill GF Jr. 
Glucagon levels and  metabolic effects in fasting man. J Clin 
Invest. 1970 Dec;49(12):2256-70. 

4.	� Felig P, Wahren J, Hendler R. Influence of physiologic 
hyperglucagonemia on basal and insulin-inhibited 
splanchnic glucose output in normal man. J Clin Invest. 1976 
Sep;58(3):761-5. 

5.	� Nishino T, Kodaira T, Shin S, Imagawa K, Shima K, Kumahara 
Y, Yanaihara C, Yanaihara N. Glucagon radioimmunoassay 
with use of antiserum to glucagon C-terminal fragment. Clin 
Chem. 1981 Oct;27(10):1690-7.

6.	� Aliberti G, Pulignano I, Proietta M, Miraldi F, Cigognetti 
L, Tritapepe L, Giovanni CD, Arzilla R, Vecci E, Toscano M. 
Hormone metabolism in the pulmonary circulation. Physiol 
Res. 2001;50(3):231-5.

7.	� Zoladz JA, Duda K, Konturek SJ, Sliwowski Z, Pawlik T, 
Majerczak J. Effect of  different muscle shortening velocities 
during prolonged incremental cycling exercise on the plasma 
growth hormone, insulin, glucose, glucagon, cortisol, leptin 
and lactate concentrations. J Physiol Pharmacol. 2002 
Sep;53(3):409-22.

8.	� Nauck MA, Heimesaat MM, Behle K, Holst JJ, Nauck MS, 
Ritzel R, Hüfner M, Schmiegel WH. Effects of glucagon-
like peptide 1 on counterregulatory hormone responses, 
cognitive functions, and insulin secretion during 
hyperinsulinemic, stepped hypoglycemic clamp experiments 
in healthy volunteers. J Clin Endocrinol Metab. 2002 
Mar;87(3):1239-46.

9.	� Broglio F, Gottero C, Prodam F, Destefanis S, Gauna C, Me 
E, Riganti F, Vivenza D, Rapa A, Martina V, Arvat E, Bona 
G, van der Lely AJ, Ghigo E. Ghrelin  secretion is inhibited 
by glucose load and insulin-induced hypoglycaemia but 
unaffected by glucagon and arginine in humans. Clin 
Endocrinol (Oxf). 2004 Oct;61(4):503-9. 

10.	� Hattori N, Saiki Y, Kajikawa M, Ishihara T, Moridera K, Hino 
M, Ikekubo K, Kurahachi H. Immunoglobulin G can cross-
react with glucagon antisera and cause a  spuriously high 
plasma immunoreactive glucagon level. Endocr J. 1995 
Aug;42(4):455-60.

11.	� Teixeira RC, Nico MM, Ghideti AC. Necrolytic migratory 
erythema associated with glucagonoma: a report of 2 cases. 
Clinics (Sao Paulo). 2008 Apr;63(2):267-70.

12.	� Okauchi Y, Nammo T, Iwahashi H, Kizu T, Hayashi I, Okita 
K, Yamagata K, Uno S, Katsube F, Matsuhisa M, Kato K, 
Aozasa K, Kim T, Osuga K, Nakamori S, Tamaki Y, Funahashi 
T, Miyagawa J, Shimomura I. Glucagonoma diagnosed by 
arterial stimulation and venous sampling (ASVS). Intern Med. 
2009;48(12):1025-30.

13.	� Jin Wang, EMD Millipore In-House Assay Results. July, 2011.

 



www.emdmillipore.com

To place an order or receive
technical assistance
In the U.S. and Canada, call toll-free 1-800-645-5476

For other countries across Europe and the world, 
please visit: www.emdmillipore.com/offices

For Technical Service, please visit: 
www.emdmillipore.com/techservice

Get connected!   
Join EMD Millipore Bioscience on your favorite social 
media outlet for the latest updates, news, products, 
innovations, and contests!

facebook.com/EMDMilliporeBioscience

twitter.com/EMDMilliporeBio

EMD Millipore, the M logo and MILLIPLEX are registered trademarks of Merck KGaA, Darmstadt, Germany.
All other trademarks belonging to third parties are the properties of their respective owners.
Lit No. AN5715EN00   BS-GEN-14-10319    8/2014  Printed in the USA. 
© 2014 EMD Millipore Corporation, Billerica, MA  USA. All rights reserved.


