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Column-switching technique with a reversed-phase high performance liquid chromatographic
method has been developed for the routine analysis of radioiodinated insulin and its degrada-
tion products in biological fluids. The diluted biological samples were loaded onto a preco-
lumn packed with LiChrosorb RP-8 (25-40 ym) using 0.1% trifluoroacetic acid (TFA) in water
as a washing solvent. After valve switching, the concentrated insulins were eluted in the
back-flush- mode and separated by a W-Porex C,s column with a gradient of 0.1% TFA
in water and 0.1% TFA in acetonitrile as the mobile phase. The method showed good preci-
sion, accuracy and speed with the detection limit of 20 pg/ml. Total analysis time per sample
was about 40 min and the coefficients of variation were less than 8.2%.
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INTRODUCTION

There are several methods for the determination of
insulin in biological samples. Among them are radio-
immunoassay (RIA) (Jorensen, 1969; Velasco et al., 1974),
enzyme immunoassay (Hinsberg et al, 1981) and
HPLC (Benzi et al., 1990; Duckworth et al., 1988;
Hamel et al, 1988; Kitabchi and Stentz, 1985; Marche-
tti et al., 1986; Pell et al., 1986). Because of its sensiti-
vity RIA is at the present the approach of choice for
routine insulin assay in plasma; however, the accuracy
of the results depends on the specificity of the anti-
body used, the detectability and the presence of its
degradation products and analytical artefacts.

Reversed-phase (RP) HPLC is to be preferred for the
separation of insulin and its degradation products in
biological samples because of advantages such as
short tumaround time, method reliability, efficiency
and specificity (Benzi et al, 1990; Duckworth et al.,
1988; Hamel et al, 1988; Kitabchi and Stentz, 1985;
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Marchetti et ai., 1986; Pell et al., 1986). Those methods
usually involved a work-up procedure based on
gel-permeation chromatography (Duckworth et al., 19
88; Hamel et al, 1988; Kitabchi and Stentz, 1985; Mar-
chetti et al.,, 1986; Pell et al., 1986) or solid-phase ext-
raction steps (Benzi et al., 1990) that involve multiple
steps and concentration process. All the processes are
time consuming and prone to errors and formation
of artefacts. These problems have severely hampered
the development of new formulations and have there-
fore proved to be solved by the use of a column-swit-
ching technique which allows on-line purification with
no extraction step and which provides a precolumn
enrichment (Jang and Lee, 1994; Jung et al., 1993; Lee
et al., 1990; Lee et al., 1992).

The objective of this paper was to develop an auto-
mated HPLC method for the simultaneous determina-
tion of radioiodinated insulin and its degradation pro-
ducts in biological samples that is more sensitive,
selective, reproducible and convenient method in te-
rms of sample handling and speed of analysis. The
present paper describes precolumn-switching techni-
que which allows on-line sample loading, rapid elution
of the analytes from a precolumn and direct analysis
on the analytical column,
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MATERIALS AND METHODS

Materials

Porcine insulin was obtained from Sigma Chemical
Co. (St. Louis, MO, USA). A14-["®1] Insulin (porcine)
was obtained from NEN (Dupont, USA) and the speci-
fic activity was 2200 Ci/mmol. All other reagents were
of HPLC grade.

Chromatographic System

The HPLC system consisted of a Beckman 126
pump (Fullerton, CA, USA), a Beckman pump, a Rheo-
dyne 7125 injector (Cotati, CA, USA), a ten-port multi-
function valve (Valco, Houston, TX, USA), Beckman
166 UV detector and Beckman 171 Radioisotope de-
tector. Data handling was performed by System Gold
using Beckman 406 Analog Interface module. The inst-
rumental arrangement for ten-port column-switching
system is shown in Fig. 1.

The precolumn (20X3.9 mm i.d.) was tap-filled with
LiChrosorb RP-8 (25-40 um, Merck, Darmstardt, Ger-
many) and was changed after injection of 20 samples.
A guard column was Nova-Pak Cs guard column (4.0X
10 mm i.d., Waters Assoc., MA, USA) and the analyti-
cal column was W-Porex 5 Cis packed column (250X
4.6 mm id. 300 A, Phenomenex, CA, USA).

The washing solvent was 0.1% TFA in water and
the flow rate was 0.5 ml/min. The mobile phase con-
sisted of two components: (A) 0.1% TFA in water and
(B) 0.1% TFA in acetonitrile. A linear gradient was used
as the mobile phase: from 20% B in A to 50% B in
A (0-20 min) and 100% B (20-25 min). The flow rate
of the mobile phase was 1.0 ml/min. The radioactivity
of the effluent was monitored using flowthrough radio-
isotope detector equipped with solid cell. The column
temperature was ambient.

Analytical Procedure

The sequence of sample analysis using column swi-
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ching technique included the following steps and re-
quired about 40 min for completion. The plasma sam-
ples were diluted three times with 0.1% TFA in water.
The prepared samples were kept at ice before injec-
tion.

Step 1 (0-10 min): The aliquot (1 ml) of diluted
plasma samples was- injected onto the precolumn. Po-
lar interfering plasma components were washed out
to waste while the guard column and analytical co-
lumn were equilibrated with the mobile phase.

Step 1l (10-35 min): The washing solvent passed
directly to waste by switching the valve to inject. The
retained components were eluted in the back-flush
mode from the precolumn to guard column/analytical
column by the gradient mobile phase. The eluted
drugs were separated in the analytical column. The
analytical column and precolumn were washed with
100% B to prevent any memory effects during the next
injection.

Step 11 (35-40 min): After valve switching to load,
the precolumn and analytical column were reequilibra-
ted with the washing solvent and the mobile phase,
respectively.

RESULTS AND DISCUSSION

Most RP-HPLC of insulin reported so far are based
on one of two principles: (a) control of the degree
of ionization of the insulin and (b) use of ion pair
reagents (Vigh et al., 1982). The usefulness of RP-HPLC
in the analysis of intact and degraded insulin has been
reported in fibroblasts (Kitabchi and Stentz, 1985), hu-
man monocytes (Marchetti et al.,, 1986), hepatocytes
(Duckworth et al., 1988; Hamel et al., 1988; Pell et
al., 1986) and human plasma (Benzi et al., 1990).

The chromatographic separation of A14-['#1] insulin
on commercially available octadecyl-silica packings
with different carbon contents has been evaluated
using various buffer systems. Optimum recovery and
efficiency of A14-['®I] insulin were noted with W-
Porex 5 Ciz column and a gradient of 0.1% TFA in
water and 0.1% TFA in acetonitrile. A gradient was
necessary for the simultaneous determination of A14-
['%1] insulin and its degradation products without the
loss of efficiency and recovery. A gradient was useful
for purging nonpolar interference components from
analytical column.

Typical chromatograms illustrating the separation of
A14-["®1] insulin and its degradation products are
shown in Fig. 2. The retention time of A14-['%I] insu-
lin was 12.8 min. The analytical column showed no
decrease in efficiency after more than 300 injections
of biological samples.

In column-switching technique, the precolumn pack-
ing material, washing solvent, washing time and flow
rate should be selected to obtain the quantitative ad-
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Fig. 2. Chromatograms-of (a) a blank plasma, (b) a blank
plasma spiked with A14-['%1] insulin, (c) a plasma sample
from a rat 5 min after an intravenous injection of 3 ug/kg
(107 cpm) A14-['*|3 insulin and (d) a mouse liver homoge-
nate incubate with A14-['®1] insulin for 10 min. Peaks: 1=A
14-0'517 insulin; 2, 3, 4=degradation products of A14-['*[]
insulin.

sorption of insulin from biological samples and remove
the interference components from the precolumn.

LiChrosorb RP-8 (25-40 um), a nonpolar octylsilane
bonded phase adsorbent, is a suitable precolumn pack-
ing because of its good recovery for insulin, stability
at pH 1-7 and easy availability.

In using 0.1% TFA in water as washing solvent, the
majority of the plasma components is not selectively
adsorbed while insulin exhibit the retention on LiChro-
sorb RP-8 precolumn. The recovery of insulin exhibited
a high dependence on the flow rate of washing sol-
vent. That is, a longer residence time was required
during adsorption step to ensure the quantitative up-
take. To obtain good recovery and clean chromatog-
rams, the clean-up process was completed in less than
10 min by washing the precolumn at a flow rate of
0.5 ml/min with 0.1% TFA in water.

The correlation of peak-height ratios with the con-
centrations of A14-["1] insulin in plasma was linear
in the range of 20-200 pg/ml. The correlation coeffi-
cients were better than 0.99.

Detection limit was determined as the concentration
of compound giving a signal-to-noise ratio greater than
3:1. The limit of detection of A14-['#1] insulin was
20 pg/ml after an injection of 1000 pl of diluted pla-
sma (equivalent to 330 ul of plasma).

The recovery of A14-['*I] insulin from plasma was
determined by the analysis of fixed amount of A14-
['%1] insulin in plasma, followed by replicate injection
of the same amount of a standard in 100 ul buffer
directly onto the analytical column, providing the 100%
value. Mean recovery of A14-['®I] insulin in plasma
was 90.0% 4.6%.

The precision (defined as the coefficient of variation
of replicate analysis) and the accuracy (defined as the
deviation between added and found concentration)
of the assay for insulin were evaluated over the plasma
concentration range of 20-200 pg/ml. The results are
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Table 1. Reproducibility of A14-['*1] insulin assay in plasma
samples (n=4)

Concentration added Concentration found CV.
(pg/ml) (pg/ml) %)
20 17.0 6.8
50 46.0 7.3
100 94.3 8.2
200 177.1 7.7

shown in Table I. The coefficient of variation varied
from 6.8% to 8.2% of the added amount in the spiked
plasma samples.

The present method has been successfully applied
to the analysis of the samples spiked with rat plasma
or incubated with mouse liver homogenate. The chro-
matograms of A14-['%1] insulin spiked with rat plasma
and incubated with mouse liver homogenate are
shown in Fig. 2c and 2d, respectively.

CONCLUSION

For the determination of A14-['#1] insulin and its
degradation products in biological samples, a new
HPLC method with direct injection of diluted biologi-
cal samples was developed using the column-switching
technique. This method is readily applicable to the
therapeutic drug monitoring of radioiodinated insulin
in plasma because of its excellent precision, sensitivity,
specificity and speed.

REFERENCES CITED

Benzi, L, Cecchetti, P., Ciccarone, A. M., Di Cianni,
G., lozzi, L. C., Caricato, F. and Navalesi, R., Insulin
degradation in vivo: a high-performance liquid chro-
matographic analysis. J. Chromatogr, 534, 37-46
(1990).

Duckworth, W. C., Hamel, F. G., Peavy, D. E, Liep-
nieks, J. J., Ryan, M. P.,, Hermodson, M. A. and Frank,
B. H., Degradation products of insulin generated by
hepatocytes and by insulin protease. J. Biol. Chem.,,
263, 1826-1833 (1988).

Hamel, F. G., Posner, B. I, Bergeron, ). ). M., Frank,
B. H. and Duckworth, W. C,, Isolation of insulin deg-
radation products from endosomes derived from in-
tact rat liver. J. Biol. Chem. 263, 6703-6708 (1988).

Hinsberg, W. D., lll, Milby, K. H. and Zare, R. N., De-
termination of insulin in serum by enzyme immu-
noassay with fluorimetric detection. Anal. Chem., 53,
1509-1512 (1981).

Jang, W. C. and Lee, H. S., On-line trace enrichment
of mifentidine in plasma using column-switching high
performance liquid chromatography. J. Lig. Chroma-
togr, 17, 1375-1384 (1994).



Column-switching HPLC of Insulin in Plasma

Jorensen, K. R., Evaluation of the double antibody ra-
dioimmunoassay of insulin and the determination of
insulin in plasma and urine in normal subjects. Acta
Endocrinol, 60, 327-351 (1969).

Jung, E. S, Lee, H. S., Rho, J. K. and Kwon, K. 1, Simul-
taneous determination of ibuproxam and ibuprofen
in human plasma by HPLC with column switching,
Chromatographia, 37, 618-622 (1993).

Kitabchi, A. E. and Stentz, F. B., The effects of inhibi-
tors of insulin processing on generation of insulin
intermediate products from human fibroblast as de-
tected by ‘high performance liquid chromatography
(HPLC). Biochem. Biophys. Res. Commun., 128, 163-
170 (1985).

Lee, H. S., Zee, O. P. and Kwon, K. I., Simultaneous
determination of cefamandole and cefamandole na-
fate in human plasma and urine by high-performance
liquid chromatography with column-switching. J. Ch-
romatogr, 528, 425-433 (1990).

Lee, H. S., Shin, H. C,, Han, S. S. and Rho, J. K., High-
performance liquid chromatographic determination

363

of rifapentine in serum using column switching. J.
Chromatogr., 574, 175-178 (1992).

Marchetti, P., Benzi, L., Trischitta, V., Brunetti, A., Cec-
chetti, P., Ciccarone, A. M., Pezzino, V., Vigneri, R.
and Navalesi, R, Complementary use of gel permea-
tion and reversed-phase liquid chromatography for
the analysis of A14-['®1] insulin and its degradation
products in isolated human monocytes. J. Chroma-
togr, 377, 339-344 (1986).

Pell, M. E., Duckworth, W. C. and Peavy, D. E., Locali-
zation of insulin degradation products to an intracel-
lular site in isolated rat hepatocytes. Biochem. Bio-
phys. Res. Commun, 137, 1034-1040 (1986).

Velasco, C. A., Cole, H. S., and Camerini-Davalas, P.
A., Radioimmunoassay of insulin. Clin. Chem. 20,
700-702 (1974).

Vigh, G.,, Varga-Puchony, Z., Hlavay, ). and Papp-Hites,
E., Factors influencing the retention of insulins in
reversed-phase high-performance liquid chromato-
graphic systems. J. Chromatogr, 236, 51-59 (1982).



