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Glucagon is a 29-amino acid polypeptide, secreted from the pancreatic α-cells and 

probably, to a lesser extent, extra-pancreatic tissues 1. Following its discovery in 1923 

as an element of pancreatic extract that induced hyperglycaemia, glucagon has been 

established as an important hormone that orchestrates glucose, lipid and amino acid 

metabolism, as well as energy intake and expenditure 2. Accordingly, plasma glucagon 

has been measured in numerous studies to elucidate the pathophysiological features 

of metabolic disorders and/or mechanism(s) underlying the effects of therapeutic 

interventions 3-5. Due to the low concentration of glucagon in the peripheral circulation 

and the potential for cross-reactivity of glucagon-detecting antibodies against other 

proglucagon-derived products (e.g. oxyntomodulin, glicentin), accurate measurement 

of glucagon has been challenging. Thus, the possibility that commercial kits may fail 

to measure glucagon precisely represents a major concern for the interpretation of 

glucagon data in clinical studies 6,7. 

 

Since the development of the first radioimmunoassay (RIA) for glucagon in 1959 8, 

several RIAs that detect the C-terminus of glucagon (e.g. the Millipore RIA kit) were 

found to be of sufficiently high sensitivity and specificity for measurement of plasma 

glucagon 7. More recently, sandwich ELISA kits which detect both the N- and C-

terminus of glucagon (e.g. the Mercodia ELISA kit) have become available, and yield 

highly specific detection of intact glucagon 9. However, RIAs continue to be used 

widely, since their cost is substantially less. In our routine use of RIA for glucagon 

analysis, we began seeing unexpected plasma glucagon responses to oral and enteral 

glucose loads in both healthy humans and patients with type 2 diabetes, which differed 

markedly from responses seen in similar subjects in earlier studies. Closer scrutiny 

revealed that the onset of these observations coincided with the introduction of a new 

batch of antibody in the Millipore glucagon RIA kit (GL-32K) in mid-2019. To clarify 

this further, we compared plasma concentrations of glucagon measured using the 

Millipore RIA kits manufactured before and after the change of antibody to those 

measured by the Mercodia ELISA kit (10-1271-01), in two separate studies 9,10. 
 

In Study 1, plasma samples were obtained from 10 healthy individuals, who received 

an intraduodenal infusion of glucose (30g glucose dissolved in water to a final volume 

of 120 mL) over 60 min (i.e. 2 kcal/min) via a transnasal catheter 10. As shown in 



  

Figure 1a-c, plasma glucagon, measured by the old Millipore RIA kit and the Mercodia 

ELISA kit, while differing at baseline, exhibited a similar decrease during intraduodenal 

glucose infusion (P < 0.001 for each), with a strong correlation between the integrated 

glucagon response relative to baseline (calculated as the area under the curve 

subtracting that from baseline) measured by the two assays (r = 0.85, P = 0.002). By 

contrast, plasma glucagon measured by the new Millipore RIA kit showed a numerical, 

although not statistically significant, increase following intraduodenal glucose infusion. 

No correlation was observed between the iAUCs for glucagon measured by the new 

Millipore RIA kit and the Mercodia ELISA kit. 

 

In Study 2, plasma samples were obtained before and after a 50 g oral glucose load 

from 10 individuals who had undergone Roux-en-Y gastric bypass (RYGB) for the 

management of obesity 9. As shown in Figure 1d-f, measurement of glucagon by the 

Mercodia ELISA kit revealed glucagon suppression after oral glucose, while an 

apparent stimulation of glucagon was observed with the new Millipore RIA kit. Not 

surprisingly, there was no correlation between the integrated glucagon response 

measured by the Mercodia ELISA kit and the new Millipore RIA kit. 

 

These observations raise a major concern that the current Millipore RIA kit may not 

provide accurate measurement of glucagon in humans, particularly when postprandial 

L-cell-derived hormones are increased many-fold (as is the case after RYGB). Given 

the wide application of the current RIA kit from Millipore for measurement of glucagon 

in clinical studies, we believe the observed marked discrepancies in plasma glucagon 

levels with the current RIA kit from Millipore warrant immediate attention from the 

scientific community. Our data also suggest that the RIA kit manufactured prior to the 

change of antibody for glucagon was acceptable for evaluation of circulating glucagon 

levels in clinical settings (although suppression by glucose was not always clearly 

demonstrated, when compared to more sensitive assays 11). Although the company 

has indicated that the new antibody for glucagon showed no obvious cross-reaction 

with oxyntomodulin (<0.1%), glucagon-like peptide-1, glicentin, insulin, proinsulin, C-

peptide, somatostatin or pancreatic polypeptide, our in vitro spike-in recovery analysis 

of oxyntomodulin at concentrations of 50 and 500 pmol/L using the new Millipore RIA 

kit yielded a recovery of 10.9% and 95.84% in buffer, and 45.34% and 80.35% in 

plasma, respectively. These observations are indicative of considerable cross-



  

reactivity of the new antibody with oxyntomodulin, which may have accounted for the 

observed increases in plasma glucagon after intraduodenal and oral glucose that were 

detected by this assay. The major shift in the performance of the Millipore RIA kit after 

changing an antibody for glucagon attests to the challenges in precise measurement 

of plasma glucagon, and more broadly, the safeguard of scientific integrity.  
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Figure 1. Plasma glucagon levels, measured by different assays, in ten healthy 

individuals receiving an intraduodenal glucose infusion (2 kcal/min over 60 min) (a-b) 

and ten individuals following RYGB for the management of obesity after a 50 g oral 

glucose load (d-e). The relationships between the integrated glucagon response 

relative to baseline measured by Millipore RIA and Mercodia ELISA kits were 

evaluated by linear regression analysis (c and f). Data are means ± SEM.  

 
 




