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I n t r o d u c t i o n
Until recently, pancreatitis has been considered uncommon in cats. 

However, recent data would suggest that feline pancreatitis leads to 
significant morbidity and mortality, which has led to an increased 
index of suspicion for this disease (1,2). Unfortunately, definitive 
diagnosis of feline pancreatitis remains elusive in many cases (3). 
This is, in part, due to the fact that clinical signs are non-specific and 
key clinical signs commonly seen in humans and dogs with pancre-
atitis, such as vomiting and abdominal pain, are reported infre-

quently in cats (4). Also, abnormalities observed during routine 
clinical testing are non-specific. Serum amylase activity has been 
shown to be decreased and serum lipase activity to be increased in 
cats with experimentally induced pancreatitis, but serum amylase 
and lipase activities have not been shown to be of clinical value in 
cats with spontaneous pancreatitis (5,6). Abdominal radiography 
can show features that are compatible with pancreatitis, but do not 
allow for a definitive diagnosis. Finally, when stringent criteria are 
applied, abdominal ultrasound is highly specific for feline pancre-
atitis but its sensitivity only reaches 11% to 35% (7,8). Measurement 

Development and analytical validation of a radioimmunoassay for the 
measurement of feline pancreatic lipase immunoreactivity in serum

Jörg M. Steiner, Ben G. Wilson, David A. Williams

A b s t r a c t
Pancreatitis is recognized as an important cause for morbidity and mortality in cats, but diagnosis remains difficult in many 
cases. As a first step in trying to identify a better diagnostic tool for feline pancreatitis the objective of this project was to develop 
and analytically validate a radioimmunoassay for the measurement of feline pancreatic lipase immunoreactivity (fPLI). Feline 
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intra- and interassay variability for 4 different serum samples were 10.1%, 4.5%, 2.2%, and 3.9% and 24.4%, 15.8%, 16.6%, and 
21.3%, respectively. A reference range for fPLI was established as 1.2 to 3.8 g/L. We conclude that the assay described is sensi-
tive, accurate, and precise with limited linearity in the lower and limited reproducibility in the lower and higher end of the 
working range. Further studies to evaluate the clinical usefulness of this assay are needed and in progress.

R é s u m é
La pancréatite est reconnue comme une cause importante de morbidité et de mortalité chez les chats mais son diagnostic demeure une difficulté 
dans plusieurs cas. Cette étude avait comme objectif de développer et valider de manière analytique un radio-immuno-essai pour mesurer 
l’immuno-réactivité de la lipase pancréatique féline (fPLI) afin d’identifier un meilleur outil diagnostique pour la pancréatite féline. De la lipase 
pancréatique féline (fPL) a été purifiée à partir de tissu pancréatique et un antisérum dirigé contre fPL fut produit chez le lapin. Un marqueur 
a été produit par iodination de fPL à l’aide de la méthode par la chloramine T. Un radio-immuno-essai a été développé et validé de manière 
analytique en déterminant sa sensibilité, son parallélisme de dilution, son efficacité de détection d’échantillons ensemencés, la variabilité intra-
essai et la variabilité inter-essai.Un écart témoin pour la fPLI dans le sérum de chat a été établi en utilisant le 95e percentile central des résultats 
de 30 chats. La sensibilité de l’épreuve était de 1,2 g/L. Pour les valeurs de dilutions sériées, le ratio des données obtenues:données attendues 
variait de 98,8 % à 164,3 % pour 3 échantillons de sérum différents. Pour les valeurs d’échantillons ensemencés le ratio des données obtenues:
données attendues variait de 76,9 % à 147,6 % pour 3 échantillons de sérum différents. Les coefficients de variation pour la variabilité intra- et 
inter-essai pour 4 échantillons de sérum différents étaient, respectivement, 10,1 %, 4,5 %, 2,2 % et 3,9 %, et 24,4 %, 15,8 %, 16,6 % et 21,3 %. 
Un écart de valeurs de référence pour fPLI a été établi comme étant 1,2 à 3,8 g/L. L’épreuve décrite est sensible, exacte et précise avec une 
linéarité limitée dans ses valeurs limites inférieures et une reproductibilité limitée dans les extrémités inférieure et supérieure de son étendue 
de travail. Des travaux supplémentaires sont nécessaires et sont en cours pour évaluer l’utilité clinique de cette épreuve.
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of serum feline trypsin-like immunoreactivity (fTLI) is also highly 
specific for pancreatitis but its sensitivity of 40% to 60% is less than 
optimal (5,7,9,10). Thus, a minimally-invasive diagnostic test that is 
both highly sensitive and specific for feline pancreatitis is needed.

Serum lipase activity has been used for several decades to diag-
nose pancreatitis in humans and dogs, but it is commonly recognized 
that these assays are neither sensitive nor specific for pancreatitis in 
the dog and clinically useless in the cat (5,11–15). This is most likely 
due to the fact that many different lipases are synthesized and 
secreted by cells of various organs. Many different lipases share the 
same function, the hydrolysis of nonpolar lipids into more polar 
lipolysis products. For example, triglyceridases all hydrolyze tri-
glycerides and thus may all be detected by kinetic lipase assays. In 
contrast, different lipases often share little amino acid homology and 
would not cross-react in an immunoassay. To test this hypothesis 
immunoassays for the measurement of canine pancreatic lipase 
immunoreactivity have recently been developed and analytically 
validated (16,17). Serum canine pancreatic lipase immunoreactivity 
(cPLI) concentration has been shown to be highly specific for exo-
crine pancreatic function in the dog and also highly sensitive for 
canine pancreatitis (18,19). Therefore, based on these findings in the 
dog, it would be interesting to evaluate the clinical usefulness of 
feline pancreatic lipase immunoreactivity (fPLI) for the diagnosis of 
feline pancreatitis.

As a first step, the goal of the study described here was to develop 
and analytically validate a radioimmunoassay (RIA) for the measure-
ment of fPLI in serum.

M a t e r i a l s  a n d  m e t h o d s

Purification of feline pancreatic lipase
Feline pancreatic lipase (fPL) was purified from feline pancreatic 

tissue by delipidation, anion-exchange chromatography, size-
exclusion chromatography, and cation-exchange chromatography, 
as described previously (20).

Antibody production
Polyclonal antibody production was conducted (Express-Line 

PLUS protocol; Lampire Biological Laboratories [LBL], Pipersville, 
Pennsylvania, USA) using New Zealand white rabbits. Feline pan-
creatic lipase was prepared in phosphate buffered saline solution 
(PBSS), pH 7.2, and sent to LBL for antibody production. Two rabbits 
were used and both were inoculated with 250 g fPL in 500 L PBSS 
emulsified with 500 L of adjuvant (Complete Freund’s adjuvant; 
Sigma Chemical Company, St. Louis, Missouri, USA). Three weeks 
after the 1st injection, each rabbit received a booster injection of 
250 g fPL in 500 L PBSS emulsified with an equal volume of 
adjuvant (Incomplete Freund’s adjuvant; Sigma Chemical Company). 
After another 3 wk period, each rabbit was again injected with 
250 g fPL in 500 L PBSS emulsified with 500 L adjuvant 
(Incomplete Freund’s adjuvant). A production bleed was completed 
1 wk after the last booster injection and an exsanguination bleed was 
performed 2 wk after the last booster. The polyclonal antiserum was 
purified by affinity chromatography. Briefly, an affinity chromatog-
raphy column (HiTrap; Amersham Pharmacia Biotech, Piscataway, 

New Jersey, USA) for fPL was prepared following manufacturer’s 
instructions. Antiserum was applied to the column after lipoprotein 
precipitation and buffer change to 75 mM Tris-HCl, 150 mM NaCl, 
pH 8.0. After the absorbance (280 nm) of the eluent had returned to 
baseline values the column was washed with 100 mM glycine (Sigma 
Chemical Company), 500 mM NaCl, pH 3.0, in order to elute the 
bound antibodies. The buffer of the purified polyclonal antibody 
was changed to PBSS, pH 7.2 (100 mM sodium phosphate, 150 mM 
NaCl, pH 7.2, BupHTM dry blend buffers; Pierce Chemical Company, 
Rockford, Illinois, USA), the concentration adjusted to approximately 
1 mg/mL and stored at 80°C.

Radioiodination
For the RIA, tracer was produced by iodination of fPL with 125I, 

using the chloramine T method (21). A mini stir bar (8 mm  1.5 mm; 
VWR Scientific, West Chester, Pennsylvania, USA) was placed in a 
polypropylene test tube (75 mm  12 mm; VWR Scientific) that was 
situated over a stir plate. Then 10 L of free 125I (NaI, 0.1 mCi/L 
at time of production; NEN Life Sciences Products, Boston, 
Massachusetts, USA) were added to the test tube using a Hamilton 
syringe (VWR Scientific) and mixed with 10 L 250 mM sodium 
phosphate buffer (Sigma Chemical Company), pH 7.5. This was 
followed by the addition of approximately 5 g of pure fPL in 10 L 
PBSS, pH 7.2, 10 L of 2 mg/mL chloramine T (Sigma Chemical 
Company) in 50 mM sodium phosphate buffer, pH 7.5, 100 L of 
400 mg/mL sodium metabisulfite (Sigma Chemical Company) in 
50 mM sodium phosphate buffer, pH 7.5, and 860 L of 2 mg/mL 
potassium iodide (Sigma Chemical Company) in 50 mM sodium 
phosphate, pH 7.5 in rapid succession. The iodinated protein fraction 
was separated from the free iodide by size-exclusion chromatogra-
phy on a disposable column (PD-10; Amersham Pharmacia Biotech, 
Piscataway, New Jersey, USA) following the manufacturer’s direc-
tions. Briefly, RIA buffer (RIAB, 50 mM sodium phosphate buffer, 
pH 7.5, with 5 g/L bovine serum albumin [Sigma Chemical 
Company] and 0.2 g sodium azide [Sigma Chemical Company]) was 
used as the mobile phase. Fractions of 1 mL each were collected and 
the fraction containing the peak protein concentration was collected. 
The tracer was adjusted to approximately 40 000 counts/minute/ 
100 L tracer and kept in a lockable refrigerator at 4°C until further 
use.

Feline pancreatic lipase immunoreactivity-
radioimmunoassay procedure

Polypropylene tubes (VWR Scientific) were set up in duplicate 
fashion. The first 2 tubes, labeled total count (TC), received 100 L 
tracer only. The next 2 tubes, labeled nonspecific binding (NB), 
received 100 L tracer and 200 L RIAB; followed by 2 tubes, labeled 
reference (B0), that received 100 L tracer, 100 L antibody solution 
against fPL (approximately 1 mg/mL affinity-purified antibody 
against fPL diluted at 1 in 16 000 with RIAB), and 100 L RIAB. The 
following 14 tubes were used as standards and received 100 L 
tracer, 100 L antibody solution, and 100 L standard solution of 
128, 64, 32, 16, 8, 4, or 2 g/L fPL in RIAB. All of the following tubes 
were used for unknown samples and received 100 L tracer, 100 L 
antibody solution, and 100 L of an unknown sample. Tubes were 
vortexed and incubated for 2 h at room temperature. After the 
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incubation, all tubes, except the tubes labeled TC, received 100 L 
rabbit carrier serum (1 mL normal rabbit serum mixed with 99 mL 
RIAB) and 1 mL of a commercially available precipitation solution 
(N6; Diagnostic Products Corporation, Los Angeles, California, 
USA). Again, all tubes were vortexed and then centrifuged at 
3000  g and 4°C for 20 min. The supernatant of all tubes, except 
the tubes labeled TC, was carefully decanted and all tubes were 
counted for 1 min in a gamma counter (Riastar; Packard Instrument 
Company, Meriden, Connecticut, USA). A standard curve was cal-
culated using a log/logit curve fit. The fPL concentrations were 
plotted along the x-axis in a logarithmic fashion. Values on the  
y-axis were calculated using the formula y = loge([Bstandard/B0]/ 
(1  [Bsample/B0]) with Bstandard being the counts per minute (CPM) 
for each standard and B0 being the CPM for the reference.

Feline pancreatic lipase immunoreactivity-
radioimmunoassay validation

The assay was analytically validated by determining the assay 
sensitivity, control range, linearity, accuracy, precision, and reproduc-
ibility by testing assay sensitivity, dilutional parallelism, spiking 
recovery, intra-assay variability, and interassay variability. Assay 
sensitivity was determined by setting up 10 duplicates of B0 and 
calculating the standard deviation of the raw counts of these 
10 duplicates. Three standard deviations were subtracted from the 
mean count and the resulting value estimated on the standard curve. 
The sensitivity also served as the lower limit of the working range. 
The highest standard was taken as the upper limit of the working 
range. Serum samples were selected from random feline serum 
samples to fall into different areas of the working range of the assay. 
Because a volume of 1 mL or greater was not available for most 
serum samples, samples used for validation were generated from a 

pool of several serum samples. Linearity was assessed by determina-
tion of dilutional parallelism by evaluating 3 serum samples at full 
strength and at dilutions of 1 in 2, 1 in 4, and 1 in 8. Accuracy was 
assessed by determination of spiking recovery by adding 0, 2, 4, 6, 
8, 16, and 32 g/L fPL in RIAB to each 1 of 3 serum samples. 
Precision was evaluated by calculating intra-assay variability for 
4 different serum samples that were measured 10 times within the 
same assay run. Finally, reproducibility was evaluated by calculating 
interassay variability for 4 different serum samples that were mea-
sured in 10 consecutive assay runs. The control range for the RIA for 
fPLI was determined from the central 95th percentile (2.5th to the 
97.5th percentile) of serum fPLI concentrations measured in 
30 healthy random source cats. None of the cats had clinical signs 
of disease but no further testing was performed in order to exclude 
occult pancreatitis.

R e s u l t s
The sensitivity of the assay was calculated to be 1.2 g/L, leading 

to a lower limit of the working range of 1.2 g/L. Observed to 
expected ratios for dilutional parallelism for 3 serum samples ranged 
from 98.8% to 164.3% (mean ± standard deviation [s], 120.5% ± 
23.4%; Table I). Observed to expected ratios for spiking recovery for 
3 serum samples ranged from 76.9% to 147.6% (mean ± s, 106.2% ± 
22.9%; Table II). Coefficients of variation for intra-assay variability 
of the 4 serum samples were 10.1%, 4.5%, 2.2%, and 3.9% (Table III). 
Also, coefficients of variation for interassay variability of 4 serum 
samples were 24.4%, 15.8%, 16.6%, and 21.3% (Table III). The control 
range established from the central 95th percentile of serum fPLI 
concentrations in 30 healthy random-source cats was 1.2 to 3.8 g/L 
(Figure 1).

Table I. Dilutional parallelism for the radioimmunoassay (RIA) for feline 
pancreatic lipase immunoreactivity (fPLI) shown for 3 serum samples at 
dilutions of 1 in 1, 1 in 2, 1 in 4, and 1 in 8

Sample 1
Dilution Observed (g/L) Expected (g/L) O/E ratio (%)
1 in 1 4.48
1 in 2 3.50 2.24 156.3
1 in 4 1.28 1.12 114.3
1 in 8 0.92 0.56 164.3

Sample 2
Dilution Observed (g/L) Expected (g/L) O/E ratio (%)
1 in 1 7.53
1 in 2 3.95 3.77 104.9
1 in 4 2.20 1.88 116.9
1 in 8 0.93 0.94 98.8

Sample 3
Dilution Observed (g/L) Expected (g/L) O/E ratio (%)
1 in 1 45.06
1 in 2 24.45 22.53 108.5
1 in 4 11.90 11.27 105.6
1 in 8 6.47 5.63 114.9
O/E — observed/expected
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D i s c u s s i o n
A RIA for the measurement of fPLI in serum from cats was suc-

cessfully established. The reference range for serum fPLI concentra-
tion was determined to be 1.2 to 3.8 g/L. Since the sensitivity of 
the assay was determined to be 1.2 g/L, the reference range can 
also be expressed as  3.8 g/L.

Although many RIAs have been developed for use in both human 
and veterinary medicine, very little is known about the minimal 
performance characteristics for a clinically useful assay (22,23). Most 
investigators simply state the performance characteristics of the 
assay they develop and validate (24–26). We have previously targeted 
observed to expected ratios for dilutional parallelism and spiking 
recovery between 80% to 120%, but are not aware of any reference 
to support these targeted values (17,27). Also, we have previously 
targeted coefficients of variation for intra-assay and interassay vari-
ability to reach a maximum of 10% to 15%, but again we are not 
aware of any published rationale for these target values (17,27). 
Observed to expected ratios for serial dilution ranged between 98.8% 
and 164.3%. Some of these values are outside the range of 80% to 
120%. The 2 highest values, 164.3% and 156.3% were observed for 
the sample with the lowest fPLI concentration of 4.48 g/L. This 
suggests that this assay has a limited linearity in the lower limit of 
the working range. This finding may be due to an increased impact 
of nonspecific binding or matrix effects when the serum fPLI con-

centration is low. However, for the diagnosis of feline pancreatitis 
one would expect serum fPLI concentrations that are in the upper 
rather than in the lower area of the working range. Thus the limited 
degree of linearity in the lower range of the working range should 
not affect the clinical usefulness of this assay for the diagnosis of 
feline pancreatitis.

Observed to expected values for spiking recovery were between 
76.9% and 147.6%. Again, some of these values are outside the range 
of 80% to 120%. There is no apparent explanation for these findings. 
However, the relatively high interassay variability (see below) may 
be in part responsible for these findings.

The coefficients of variation (CVs) for the intra-assay variability 
for 3 of the 4 serum samples were well below 10% and the 4th value 
was just above it at 10.1%. These values suggest that the assay is 
precise. The CVs for interassay variability of the 4 serum samples 
were 24.4%, 15.8%, 16.6%, and 21.3%. These CVs are slightly higher 
than optimal, especially for samples with low or high serum fPLI 
concentrations, this would suggest that this assay shows a limited 
degree of reproducibility in the lower and the higher ends of the 
working range. Considering the control range of 1.2 to 3.8 g/L it 
is hypothesized that cats with significantly increased serum fPLI 
concentrations would fall into a range with better reproducibility or 
have such high serum fPLI concentrations that a limited degree of 
reproducibility would not change the clinical interpretation of the 
assay result.

Table II. Spiking recovery for the radioimmunoassay (RIA) for feline 
pancreatic lipase immunoreactivity (fPLI) shown for 3 serum samples and 
6 spiking concentrations

Sample 1
Added (g/L) Observed (g/L) Expected (g/L) O/E ratio (%)
0.0 3.0
2.0 4.1 5.0 81.3
4.0 5.8 7.0 82.2
8.0 9.2 11.0 83.1
16.0 14.6 19.0 76.9
32.0 27.9 35.0 79.6

Sample 2
Added (g/L) Observed (g/L) Expected (g/L) O/E ratio (%)
0.0 16.9
2.0 22.3 18.9 118.0
4.0 26.2 20.9 125.4
8.0 29.8 24.9 119.8
16.0 43.7 32.9 132.8
32.0 72.2 48.9 147.6

Sample 3
Added (g/L) Observed (g/L) Expected (g/L) O/E ratio (%)
0.0 35.9
2.0 51.1 37.9 134.8
4.0 53.4 55.1 96.9
8.0 62.8 61.4 102.3
16.0 85.1 78.8 108.0
32.0 121.9 117.1 104.1
O/E — observed/expected
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In conclusion, the RIA described here is sensitive, accurate, and 
precise with a limited linearity in the lower end of the working range 
and a limited reproducibility in the lower and upper ends of the 
working range. Clinical studies will be necessary in order to deter-
mine whether this degree of assay linearity and reproducibility will 
be sufficient to definitively distinguish cats with pancreatitis from 
healthy cats. These studies are currently ongoing. Should the results 
of these clinical studies suggest that the performance characteristics 
described here are insufficient to reliably differentiate between cats 
with and those without pancreatitis measures would need to be 
taken to improve the performance characteristics of the assay. Such 
measures may include an increase of sample incubation, alterations 
of the RIAB, production of monoclonal antibodies, or development 
of an enzyme-linked immunosorbent assay (ELISA).
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