
with a detection limit of 0.4 mmol/l. The measure-
ment error in the size of the peak area does not suffi-
ciently explain the error of approximately 10% on the
recovery for the serum sample. Depending on the
choice of buffer system the concentration profile of
ions in the sample plug may be influenced by the ma-
trix composition of sample and does not necessarily
represent the original concentration. To investigate
the sources of error in detail more experiments are
necessary.

Conclusion
The experiments demonstrated that lithium was sepa-
rated from a drop of whole blood with capillary elec-
trophoresis on a microchip within two minutes. Cur-
rently further investigations are conducted studying
the process of concentration adjustment during the
sample loading in order to improve on the accuracy
for quantitation. In addition, potassium was detected
by this method and more study is currently dedicated
to separate calcium and magnesium in order to utilize
the full potential of these microchips for ‘point of
care’-testing. 
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Figure 1. Results of a separation of a) whole blood without
lithium, b) whole blood spiked with 2 mmol/l lithium and c)
blood serum spiked with 2 mmol/l lithium. The inset shows a
photograph of the CE chip with a capillary length of 2 cm
(Micronit Microfluidics, The Netherlands) with a blow-up
of the end-column conductivity detection electrodes and the
double-T injection region defining the size of the sample plug
dispensed into the separation channel.
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Apoptosis induced kinetic changes in autofluorescence of HL60 cells – 
application for single cell analysis on chip

F. WOLBERS1,2, A. VALERO2, H. ANDERSSON2, R. LUTTGE2, A. van den BERG2 and I. VERMES1

Introduction
Natural cellular autofluorescence (AF) can be a use-
ful tool to unravel intracellular pathophysiological
processes and distinguish normal from diseased tis-
sue. Many cellular metabolites exhibit autofluores-
cence, e.g. NAD(P)H and flavins, which colocalizes
strongly within the mitochondria and in some extent
to the lysosomes (1-6). Both components are actively
involved in a number of metabolic processes within
the cell and play an important role in the energy

household of the cell. This paper presents a new
method using AF to study apoptosis. Apoptosis or
programmed cell death plays an important role in
maintaining a homeostatic equilibrium between cell
proliferation and cell death. Induction of apoptosis
results in shrinkage of the cell and fragmentation into
apoptotic bodies (7). AF intensity is first measured
conventionally at the flow cytometer (FCM) and fi-
nally the results will be translated on to a micro-
fluidic chip to perform single-cell analysis.

Autofluorescence measurements
Human promyelocytic leukemic HL60 cells were in-
cubated with camptothecin (CPT), tumour necrosis
factor (TNF)-a in combination with cycloheximide
(CHX), or irradiated with 6 or 10 Gy, during varying
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time periods, to initiate apoptosis. AF was measured
using the FL-1 (CD103F, 525 nm) channel at the
FCM. Induction of apoptosis results in the shrinkage
of the cell and the fragmentation into apoptotic
bodies. With flow cytometry, 4 subpopulations can be
distinguished, viable, early apoptotic, late apoptotic
and the necrotic population, based on differences in
size and contents of the cell (forward- and sideward
scatter), corresponding to the different stages of the
apoptotic cascade in vitro. Induction of apoptosis
results in a decrease in AF intensity compared to un-
treated HL60 cells. The decrease in AF intensity is
especially seen in the late apoptotic cells. To translate
these effects to a microchip, the change in AF inten-
sity from 2h to 24h (AF24/2 factor), corresponding to
the maximal increase and minimal decrease, respec-
tively, in AF intensity, is measured (table 1). For all
the four inducers the AF24/2 factor is decreased, com-
pared to untreated HL60 cells (control). Untreated
HL60 cells show only minor fluctuations in time and
can be seen as a stable population. Therefore the
AF24/2 factor for untreated HL60 cells is set at 1.

Cell handling on a microfluidic chip
Recent results have shown that it is possible to per-
form AF measurements on single cells in a micro-
fluidic device (8). Here a new microfluidic cell assay
has been developed enabling the capture of viable
cells (figure 1). Once cells go into apoptosis their

mechanical properties, e.g. size, change and these
apoptotic cells are able to pass the capture position.
A decrease in AF intensity of the cells that passed the
trap will confirm this hypothesis. In future develop-
ments the optical detection will be transferred to an
electrical on-chip cell counter specific for apoptosis. 
We can speculate that this microfluidic device spe-
cific for measuring apoptosis could be a suitable tool
for pharmacological studies investigating the effect of
various drug treatments on apoptotic cell death.
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Table 1. AF 24/2 factor of untreated HL60 cells (control) vs
HL60 cells incubated with the different apoptotic inducers
used. AF24/2 factor defines the ratio of the maximal AF inten-
sity (t=2h) compared to the minimal AF intensity (t=24h).

Control 6Gy 10Gy TNF/CHX CPT

AF 24/2 factor 1.0 0.68 0.72 0.65 0.68

Figure 1. A. Microfluidic chip for trapping cells. B. Trapped HL60 cells in the microfluidic chip.
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