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ABSTRACT

Background: Adding insulin directly into infusion bags seems to be a useful method for
controlling hyperglycemia in patients under ternary parenteral nutrition (TPN). Its efficacy is
assessed by glycemic monitoring but few data are available on insulin stability in this
situation. Among the various methods for quantifying insulin levels in human serum, the
immunoassay ones seemed potentially appropriate for a TPN admixture containing high lipid
concentrations. We sought to identify and validate which of two immunoassay methods was
the better to quantify human insulin and consequently be adapted to studying its stability in a
TPN admixture.

Methods: Two immunoassay methods to quantify recombinant human insulin were assessed
in industrial TPN: an immunoradiometric assay (IRMA) and an
immunoelectrochemiluminometric assay (IECMA). Validation trials for both methods were
based on the accuracy profile method.

Results: Interference with immunometric assays due to the high lipidic content of TPN was
eliminated through an improved preparation protocol using a bovine serum albumin (BSA)
diluted in phosphate buffer saline (PBS). The relative total error of IECMA varied from 1.74
to 4.52% while it varied from — 0.32 to 8.37% with IRMA. Only IECMA provided an
accuracy profile with a 95% confidence interval of calculated-tolerance limits falling between
the chosen acceptance limits (i.e. total error < £10%).

Conclusions: IECMA combined with a BSA dilution is a simple and semi-automatic method
that provides an accurate quantification of human insulin in a TPN admixture without any

interference from lipids.

Keywords: human insulin, parenteral nutrition solutions, immunoassay, validation, accuracy

profile
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INTRODUCTION

The aim of parenteral nutrition therapy is to supplement or cover nutritional requirements via
the intravenous route when both oral and enteral intakes are insufficient or contraindicated.
Ternary parenteral nutrition (TPN) corresponds to an admixture providing macronutrients
(glucose, amino-acids, lipids) and micronutrients (electrolytes, vitamins and trace elements).
Considering the amount of glucose infused, hyperglycemia is very common during TPN in
elderly and home parenteral nutrition patients, and concerns most patients in intensive care
units [1,2]. Hyperglycemia in both non-critically and critically ill patients receiving TPN is
known to be responsible for an increase in the risk of hospital mortality [3]. Such patients
may require exogenous insulin in their TPN, but in spite of the guidelines on safe practices for
parenteral nutrition provided by the American Society of Parenteral and Enteral Nutrition [4],
few data concerning the stability of insulin in TPN are available [5,6].

Insulin concentration is currently measured by separative methods, such as high performance
liquid chromatography coupled with UV detection [7-9] or size exclusion chromatography
[10], which are not adapted to the complex TPN medium. Mass spectrometry-based methods,
more sensitive but more expensive, require a complicated sample preparation (i.e.
immunoextraction) and dedicated equipment [11]. Radiolabeled insulin (lzsl—insulin) [12] is
useful for studying adsorption on containers, but cannot indicate any modification in
biological activity, or offer any assessment of either structural or conformational changes in
insulin (from primary to quaternary structure). The presence of lipids hinders the accurate
measurement of insulin concentration in all-in-one TPN admixtures regardless of the
quantification method [13]. This means that other assays, capable of measuring the amount of
insulin in TPN admixtures precisely, have to be carried out. Immunometric assays are

routinely used today to quantify human insulin and its analogues in serum [14-16]. The
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ImmunoRadioMetric Assay (IRMA) [17] and ImmunoElectroChemiluminoMetric Assay
(IECMA) [18] have shown a high level of specificity for human insulin because of their
mechanism involving anti-insulin antibodies as well as their high sensitivity.

The aim of our study was to determine the ability of such techniques to quantify insulin at low
concentrations in a TPN admixture, to validate them and make use of one in a stability study

of insulin in a TPN admixture.

MATERIALS AND METHODS

Drugs, chemicals and reagents

Olimel™ N7E (1.5 L bags, Baxter, Deerfield, USA) is the mixture used as TPN (containing
glucose, amino acid solution, with other electrolytes and lipid emulsion). Decan™ (Aguettant,
Lyon, France) and Cernevit'™ (Baxter, Deerfield, USA) were used as additives to TPN.
Umuline™ rapid (100 TU/mL human insulin) was purchased from Eli-Lilly (Suresnes,
France). Isotonic saline serum (0.9% NaCl) was purchased from Baxter.

Sodium dihydrogen phosphate monohydrate (NaH,PO4, H,O) and sodium phosphate dibasic
dodecahydrate (Na,HPOy,, 12 H,0), designed for phosphate buffer saline (PBS) preparations,
were purchased from Cooper (Melun, France). Hydrochloric acid (HCI 25%) and
tris(hydroxymethyl)aminomethane (TRIS) powder were purchased from Merck Millipore
(Molsheim, France). Bovine serum albumin (BSA) V-fraction was purchased from
Euromedex (Souffelmeyersheim, France). Diluted human serum albumin (dHSA, Vialebex™™
40 mg/mL) was purchased from LFB (Lille, France). Human gamma globulins (HGBO) were

purchased from Sigma Aldrich (Saint Louis, USA).
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Sample preparation

Cernevit™ was reconstituted with 5 mL of 0.9% NaCl and gently shaken to obtain a
homogenous solution. Decan™™ was then directly introduced into the TPN bag. Seals were
finally broken by rolling the bag onto itself to mix all nutrients of the TPN admixture. After
mixing, this work medium corresponded to the TPN admixture (emulsion enriched with
vitamins and trace elements). It could be stored at 5+3°C up to 24 hours and used for other
assays.

All assays were performed at a 20,000 plU/mL (i.e. 20 IU/L) insulin concentration,
corresponding to the usual concentration in medical wards when insulin is added to TPN.
Every step was carried out with calibrated laboratory materials. Samples were taken from
flasks immediately after preparation without any intermediate transfer step into another

container.

Instrumentation

Immunoreactive insulin concentration was determined by IRMA with the Bi-insulin IRMA™
set (Cisbio international, Paris, France) or by IECMA with the Insulin Elecsys'™ assay
(Roche diagnostics, Meylan, France). As calibration and measuring ranges were respectively
1 to 500 pIU/ml for Bi-insulin IRMA™ and 0.2 to 1000 puIU/ml for Insulin Elecsys'™, a two-
step 1/200 dilution of all samples was performed. Final samples were analyzed on two
different instruments: radioactivity was determined on a Wizard 1470 Gamma coulter
(CisBio, Saclay, France), while IECMA used an e601 Cobas (Roche diagnostics, Mannheim,
Germany). The latter apparatus was calibrated with a Calset insulin calibrating kit and
controlled with Precicontrol multimarker solutions both purchased from the same
manufacturer (Roche, Mannheim, Germany). All assays were performed in glass containers

(volumetric flasks or tubes) to avoid container—content interactions.
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The values are given in counts per minute (CPM) for IRMA and in plU/mL for [IECMA. For
all samples, IRMA values were converted into their corresponding ulU/mL concentrations
basing calculations on a 4-parameter calibration curve (obtained by spline function or
Rodbard equation [19]), which had previously been fed into the FiaCalc™ software provided

with the gamma coulter.

Matrix effect

As explained below, with immunoassays, quantification can be made at very low
concentrations, thus a two-step 1/200 sample dilution was required. Both dilution steps were
performed in hemolysis glass tubes using a diluent with an insignificant matrix effect (tested
with both methods). Different types of diluents were selected and tested after a review of the
literature with regard to immunoassays and information on the composition of calibration
standards contained in commercial kits, provided by the user manuals of both methods. Both
dHSA and BSA, at a concentration range of 5 to 80 g/L, were diluted in 0.9% NaCl, 0.04 M
phosphate buffer [20], 0.04 M phosphate buffer enriched with HGBO [20], or 0.1 M TRIS
buffer (prepared according to the French Pharmacopoeia 11™ edition). The tested
concentrations were 5, 10, 15, 20, 25, 30, 35, 40 g/L for dHSA and 5, 10, 20, 30, 40, 50, 60,
70, 80 g/L. for BSA. All buffers were previously adjusted to pH 7.53 with HCI. Diluent was
prepared as follows: BSA or dHSA was first added into the chosen volume of 0.9% NaCl or
buffer and then gently shaken (to avoid foam generation) until total dissolution.
Measurements of all diluents were made in triplicate immediately after preparation with both
immunometric methods following user manual instructions to determine which diluent could

be used without any matrix effect. Results are presented as means of the three values.
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Preparation of calibration standards and quality control samples

To validate the assay, the preparation of calibration standard (CS) and quality control (QC)
samples was performed according to the accuracy profile method. Five CS ranging from
5,000 to 40,000 IU/mL (i.e. 5, 10, 20, 30 and 40 IU/L) and four QC concentrations (7.5, 15,
25 and 35 IU/L) were prepared for imprecision and linearity studies. All samples were treated
identically. CS and QC were freshly prepared by spiking the TPN admixture with volumes of

insulin solution (fig 1). The same preparation protocol was used for both methods.

Method validation

Validation of both methods was obtained through the accuracy profile method. Theoretical
aspects of the accuracy profile are detailed by Hubert et al. [21] in the French Society of
Pharmaceutical Sciences and Techniques guidelines and by Cofrac (French National
Accreditation body) in the accreditation technical guide in human health SH-GTA-04 [22] to
certify assays in medical biology.

Accuracy, called “total error”, corresponds to the addition of systematic error (trueness) and
random error (precision) obtained with QC. Each day, a blank sample (described below), five
calibration standards and four QCs, prepared in triplicate were analyzed. Finally, the accuracy
profile was computed at a type I risk of 5%, with acceptance limits of £10%, even though
immunoassay techniques are usually validated at £20% [23]. Trueness is represented by
relative error and precision as estimated by the expectation tolerance limits (or tolerance
interval), which were established through a Student t-test (p= 95%).

In order to evaluate the matrix effect on immunometric reactions, blank samples (treated with
the same sample preparation protocol described previously) were measured ten times with
both IRMA and IECMA. The objective was to confirm the absence of any signals signifying

the absence of a matrix effect linked to the TPN admixture. These blank samples were also
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essential in calculating limits of detection (LOD) and quantification (LOQ) which were
established for both methods, following the International Conference on Harmonization (ICH)
recommendations, from the standard derivation of 10 blank values obtained with the work
medium (named sy), as shown in Eq (1) and (2).

LOD =3.3 x sp/slope Eq (1)

LOQ =10 x sy/slope Eq (2)

Another method described in the Cofrac technical guidelines for accreditation [22] consists in
defining LOQ and LOD with the signal/noise (S/N) ratio with values from the repetition of
30 blank samples. In that case:

LOD=3xS/N Eq (3)

LOQ=10x SN Eq (4)

All statistics and computations were obtained using Excel software (Microsoft® Office suite
v2010).
To reinforce the comparison between the two methods, an analysis of variance (ANOVA) was

performed, using XLSTAT (Addinsoft®, Paris, France).

RESULTS
Matrix effect

Results obtained with the various diluents for the matrix effect study are reported in table 1.

. IRMA
The matrix effect in TRIS buffer was considerable (above 5.7 plU/mL) whatever the dHSA
concentrations tested. BSA solution in 0.9% NacCl also yielded a strong matrix effect (which

actually reached a maximum of 5.37 plU/mL for the highest BSA concentration) for all tested
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concentrations. The diluent giving the weakest matrix effect seemed to be BSA diluted in

PBS at 40 g/L, which was then chosen as diluent for the IRMA method.

O©oOoO~NOOOPRWN -

10 . IECMA

12 Whatever the nature of serum albumin, its concentration range or dissolution medium, the
14 matrix effect obtained by IECMA never reached zero value. Indeed, when the value obtained
16 was <LOD, the data software did not provide concentration data. All values were close to the
0.2 plU/mL LOD value. As with the IRMA method, BSA in PBS at 40 g/L showed a weak

21 matrix effect. This diluent was again chosen for the IECMA quantification method.
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Method validation

Calculations were made with experimental values provided by automated appliances after
calibrations steps. Validation trials were carried out with the accuracy profile method. Both
IRMA and IECMA methods showed linearity with a calculated r* > 0.99 relationship between
theoretical and back-calculated concentrations over the whole concentration range (with p

values < 0.0001 obtained by ANOVA analysis). Results are presented in tables 2 and 3.

. IRMA
Limits of detection or quantification calculated with results of the IRMA method are detailed
in table 2. The within-day precision (i.e. repeatability) for human insulin in TPN is less than
5.2% and between-day precision (i.e. intermediate precision) is less than 28.51% (table 3). As
shown in figure 2a, the accuracy profile was not validated within the acceptance limits of

+10% for the defined concentration range.

. IECMA
Both LOD and LOQ obtained with the IECMA method are presented in table 2. The within-
day precision did not exceed 2.46% and the between-day precision was below 7.98% (table
3). The accuracy profile (figure 2b) was validated at 95% with an acceptance limit of £10% of

the nominal value for the concentration range indicated in table 2.

11
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Table 3: Precision parameters of both methods. Both intra-day (within-day) and inter-day

(between-day) precisions for quality controls are determined with relative standard deviation

(%RSD).
Quantification Insulin Within-day Between-day
method concentrations precision (n=3) precision (n=9)

(IU/L) (%RSD) (%RSD)
IRMA 7.5 3.45 4.57

15 2.68 5.94

25 5.20 28.51

35 3.43 18.79
IECMA 7.5 2.16 2.51

15 1.49 2.27

25 2.46 7.98

35 1.21 3.32

13
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DISCUSSION

Our results show that [ECMA is more precise than IRMA in measuring human insulin
concentration in TPN. To our knowledge, this is the first time that a chemiluminescent
method (IECMA) has been proved capable of establishing this quantification in a TPN
complex medium.

Several studies measuring insulin in TPN bags have previously been performed. The

'* radiolabeled insulin [12] or

techniques used were either gamma counting of added
radioimmunoanalysis (RIA) [5,6,24,25]. However, these techniques have different negative
aspects. First, gamma counting is based on radiolabeled insulin whose ternary and/or
quaternary structure can be modified by labeling, which means it does not reflect the real
behavior of insulin in the environment. Secondly, RIA, which uses polyclonal antibodies, has
a lower specificity than the IRMA or IECMA techniques, which use monoclonal antibodies
[26]. Moreover, as regards the quantification of insulin in human serum, IECMA showed a
lower LOQ, a larger dynamic analysis range without dilution and closer concordance during
the reanalysis of a chosen sample, compared to RIA [19]. This explains why, in our case,
IRMA failed to yield a precise quantification of insulin in TPN. The advantage of our
technique is that it was validated in a complete TPN medium containing various different
chemical species (dextrose, amino acids and lipids enriched with vitamins and trace elements)
while previous studies have not been validated in such an environment. The disadvantage of
the only study which has so far used ternary parenteral nutrition [5] was to quantify insulin
recovery from a TPN admixture contained in PVC or EVA bags at the end of the infusion line
but his work did not target the stability of insulin with only a TPN admixture and container.
Insulin quantification during storage in a TPN EVA bag has been studied but only in water [9]
and aimed at illustrating adsorption on the EVA material of the bag, but not the influence of

the TPN admixture.

14
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Various commercial kits based on immunometric methods are available on the market. The
two methods compared in this study have been widely used over the last decade for insulin
quantification in human serum. Interferences are one of the most notorious issues when using
immunometric methods [13,26]. Insulin quantification is complicated in such a complex
medium as TPN because of elements that can provoke disturbance between antibodies and
their specific epitope. As previously described in the literature [27], additives contained in
marketed insulin solutions and as supplements to the TPN medium can influence the stability
of insulin in the same way as the very nature of the components of the TPN admixture can. It
was therefore essential to perform this validation study in a precisely defined TPN medium.
Immunometric assays seem to be by far the best analytical methods for quantifying insulin in
marketed solutions. Recognition of the protein by anti-insulin antibodies should prevent
interaction with additives such as m-cresol, because of the fundamental difference between
the structures of insulin and m-cresol. Solutions of m-cresol and glycerol were tested with
both methods to mimic the main excipients of commercially available insulins but
interferences caused by these two molecules have been excluded since the signal values
observed by both IRMA and IECMA were negligible (data not shown). The technical
guidelines for the accreditation of validation methods in medical biology [22], published by
Cofrac (French National Accreditation body) are clear enough as regards the use of
commercially available kits. In the present study, the matrix of interest differs from human
serum so it was necessary to make an extensive characterization of the chosen method to be
able to quantify insulin in a TPN admixture. The main inconvenience was the existence of a
matrix effect (mainly due to the presence of lipids that can be responsible for non-specific
interference). Some solutions exist to limit the impact of the lipidic emulsion: use of
Lipoclear™ (a non ionic polymer intended for sample clarification [28]), solid phase

extraction (SPE) or sample dilution. Lipoclear'™ and SPE were eliminated because of

15
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insufficient knowledge of their impact on the structure of insulin. The diluting of initial
samples was therefore selected. However, the extent of insulin immunoreactivity with
immunometric methods can depend on the diluent used. All calibrators sold in commercial
kits (whatever the chosen method) contain a BSA matrix (with unknown concentration) in a
buffered solution: TRIS buffer for IRMA and 2-(N-morpholino)ethanesulfonic acid buffer for
IECMA. After testing various diluents for both methods, all the measurements were finally
completed after sample dilutions in 4% BSA in PBS (pH 7.5) which yielded negligible results
for both the IRMA and IECMA methods. Despite these non-zero values and considering that
LOQ corresponds to about 3.3xLOD, none of the values obtained in the LOD to LOQ range
could be clearly distinguished. Both the IRMA and the IECMA kits are commercialized to
quantify insulin in human serum, so it seemed logical to select the diluent with the
composition closest to that of human serum which contains nearly 40 g/L of serum albumin.
Sorption of insulin on the inner side of the container is a well-known phenomenon, widely
described with several materials like polyvinyl chloride, polyethylene, polyurethane, or glass
for example. Works carried out by Livesey et al. [29] have already underlined the importance
of albumin in reducing this interaction.

The advantage of the dilution step was to provide the final sample concentration within the
calibration range of the quantification kits. After this step, it was necessary to validate the
methods. Accuracy profile is founded on the estimation of total errors including both
systematic and random errors (absolute bias and intermediate precision standard derivation
respectively). Its final representation corresponds to the largest measurement errors which
seem as relevant as an individual evaluation of performance parameters and their comparison
with acceptance criteria.

With this method, only IECMA was validated throughout the study. Indeed, the main

argument is that the upper and lower tolerance limits calculated for each level of

16
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concentration fell within the £10% acceptance boundaries we had defined as targets. These
tolerance levels were chosen with reference to the complexity of the TPN admixture, even
though some information from previous publications suggests a limit of +20% [30].
Manufacturers’ instructions specify as validation criterion: recovery has to be between 90 and
110%. The IRMA and IECMA methods respect this condition. In such a complex medium,
LOD and LOQ values calculated with either quantification method are slightly different from
those given by manufacturers (40.5 IU/mL instead of 0.2 IU/mL for LOD obtained by
IECMA) although they are compatible with the concentration range chosen in this study.
Finally, IECMA reduces the workload compared with IRMA (which requires lag times and
protection against radioactive contamination). IECMA therefore seems preferable to IRMA
for quantifying human insulin in a TPN admixture, although this method is only usable in the
conditions presented in the Materials and Method paragraph: any change in the protocol
would require a new validation step. In spite of their high specificity, immunometric assays
can suffer from interferences and different cross-reactivities, depending on the assay (because
of the nature of the included antibodies) [15]. For these reasons, routine tests have to be
implemented, precisely following the same protocol as the validation one to ensure the
maximum chance of success.

In conclusion, the ElecsysTM IECMA method has proved to be sufficiently precise for the
quantification of human insulin in a TPN medium supplemented with vitamins and trace

elements in the concentration range of 5 to 40 IU/L.
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Fig. 1 Calibration standard and quality control preparation protocol. CS and QC for
validation of immunometric methods were freshly prepared by spiking chosen volumes of

commercial human insulin solution after dilution in 0.04M phosphate buffer standard (PBS)
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1 in a TPN admixture

15 Fig. 2 Accuracy profiles of quantification of human insulin in a TPN admixture by
17 IRMA (2a) or IECMA (2b). The central line is the relative n bias (%), is the relative
20 back-calculated concentration of the validation samples, plotted with regard to their target
22 concentration. n represents the P-expectation tolerance limits. External straight lines

24 are the acceptance limits set at £10%
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ImL Human Insulin (Umuline rapide™)
+ PBS 0.04M qs 100 mL
/ Qion M (1 1U/mL)

100pL M 200uL M 400pL M 600uL M 800uL M
+TPN qs20 mL + TPNqgs20mL +TPNqgs20mL + TPN gqs 20 mL +TPN gs 20 mL
=2 5IU/L = 10IU/L = 20IU/L = 30IU/L =2 401U/L

ImL Human Insulin (Umuline rapide™)
+PBS 0.04M gs 50 mL
=>» Solution N (2 [U/ mL)

75uL N 150uL N 250uL N
+ TPN gs 20 mL + TPN gqs 20 mL + TPN gqs 20 mL + TPN gs 20 mL
=2 751U/L =2 ISIU/L = 251U/L = 351U/L

Calibration standard and quality control preparation protocol. CS and QC for validation of immunometric
methods were freshly prepared by spiking chosen volumes of commercial human insulin solution after

dilution in 0.04M phosphate buffer standard (PBS) in @ TPN admixture
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Accuracy profile of quantification of human insulin in a TPN admixture by IRMA (2a). The central line is the
28 relative bias (%), m is the relative back-calculated concentration of the validation samples, plotted with
29 regard to their target concentration. Black diamond represents the B-expectation tolerance limits. External
30 straight lines are the acceptance limits set at £10%
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Accuracy profile of quantification of human insulin in a TPN admixture by IECMA (2b). The central line is the
relative bias (%), m is the relative back-calculated concentration of the validation samples, plotted with
regard to their target concentration. Black diamond represents the B-expectation tolerance limits. External
straight lines are the acceptance limits set at £10%

102x72mm (600 x 600 DPI)

Page 28 of 28



