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The morphological identification of cells by flow cytometry is difficult. Usually cell sorting and
microscopical analysis have to be used in addition. Morphological analysis is simplified by taking cell
pictures from a range of particular interest immediately during flow cytometric analysis. Instruments
using the video scanning technique for fluorescence imaging are slow and expensive (8, 10). Morpho-
logical information can also be obtained by transmission imaging of cells in flow, which requires
shorter exposure times. Therefore a cell volume activated flow imaging device has been developed
which operates at flow speeds up to 5 m/sec and which depicts transmission images of selected cells on
a 16-mm film by a nsec flashlamp illumination. An electronic unit detects the particles in the optically
accessible orifice, performs the pulse height analysis, triggers the flashlamp if particles are in the
preselected range of interest and feeds the film. The instrument is capable of delivering up to 150
pictures per second and works either as a flow microscope in which the cells in the preselected volume
range are directly observed, or as a picture storage system in which the cell pictures are stored on the

16-mm film for documentation or for image analysis.

Two qualitatively different methods for automatic cytom-
etry are presently available. The method of image analysis is
capable of providing information on the structure and shape
of cells and their nuclei as well as on the local distribution of
substances within the cell or on its surface membrane. The
limitation of these methods is that only a few of cells prepared
on microscope slides can be evaluated per time. The flow-
through principle, however, permits measurements of many
cells over the same period of time, but morphological resolu-
tion is mostly impossible.

A combined application of both methods seems to be ideal
because flow cytometric measurements allow a quick prese-
lection of cells from a large sample and cells of a special
interest may be analyzed thoroughly by the image analysis
method.

Here we report on our attempts to combine the two meth-
ods. Cells of a particular volume were preselected by the
resistance pulse flow method and pictures of these cells taken
immediately during the volume analysis were recorded by
photographic means for subsequent morphological analysis.

MATERIALS AND INSTRUMENTATION

General principles and basic instrumentation: The cells are
analyzed according to their volume by the resistance pulse technique
(Metricell principle) (4, 6). The cells, positioned near the axis of the
orifice by hydrodynamic focusing, move with velocities between 3 and
5 m/sec. A Zeiss Universal microscope with a 40 X 0.75 water
immersion objective and a beam switch head is used as basic optical
equipment (Zeiss, Oberkochen, W-Germany). A Metricell type cur-
rent supply and Metricell amplifiers deliver the volume pulses which
are analyzed by a Tracor NS 633 pulse height analyzer. The nanose-
cond flashlamp device (Nanolite Nr. 177 flashtube and Nanolite
driver, Impulsphysik, Hamburg) is described in Reference 4.

The optically accessible transducer: The proper transducer
chamber is similar to that used in (5) and consists of a plexiglass disc
with two cavities containing the platinum foil electrodes (9). In the
center of the disc the cavities narrow down to a minimal distance of
80 to 100 um (Fig. 1). At this point both cavities are connected by a
rectangular channel of 60 to 120 ym depths and width which is cut
into the wall between them. This channel forms the orifice in which
measuring and photographing of the cells take place. The front side
of the chamber and of the orifice is covered by a cover glass that is
fixed by a pressing screw. Details of the fluid system are shown in
Figure 2.

The trigger device: The light flash used to photograph the cell
in the orifice has to be triggered while the cell is inside the orifice, but
the decision to photograph the cell or not can first be made when the
pulse maximum is reached. The pulse maximum, which contains the
cell volume information, appears when the cell is in the central plane
of the orifice (point B of Fig. 8). The cells leave the orifice at the 80%
point C and thus only the time between B and C is available for
photographing the cells inside the orifice. The high voltage spark
discharge of the flashlamp distorts the volume pulses. Consequently
either the pulse height analysis, or the pulse height transfer to the
analyzer, has to be completed (point B’) and the flash activated in
the time between B’ and C. The region of interest is selected by an
amplitude window with adjustable center and width. Pulse height
transfer and flash activation are disabled if the pulse maximum is
outside the window. A “window off” switch enables the display of the
complete pulse height distribution at the screen of the pulse height
analyzer.

The camera and control unit: Camera and control unit are of
our own design (1). The camera uses a commercial Arriflex cassette
(Arnold und Richter, Miinchen) to support the 16-mm Eastman Plus-
X and Double-X negative film (Fig. 4). It is equipped with two
independent electric motor drives, one step motor for transporting
the film through the picture gate and a direct current motor for
supporting the film. The film is buffered between the two drives by
aloop. The length of the loop is controlied by an infrared light barrier.
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F1G. 1. The transducer chamber (explanations, Fig. 2).

Detail of section A-A’:
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F1c. 2. Schematic diagram of the fluid system. 1, electrolyte tank; 2, dropping chamber; 3, regulating chamber; 4, particle container; 5,
plexiglass disk; 6, orifice; 7 and 8, electrodes; 9, supply tube of particle-free electrolyte; 10, cleaning tube; 11, breather tube; 12, suck connection;
13, particle injector; 14, cavities; 15, moveable particle injection control; 16, objective; 17, immersion; 18, cover glass; 19, illumination;
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F1c. 4. The camera with Arriflex cassette. 1, sprocket, driven by the step motor; 2, picture gate; 3, three digit hexadecimal film marker; 4,
infrared light barrier for controlling the film loop; 5, film loop; 6, Arriflex cassette; the direction of the film motion is indicated by the arrow.
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F1c. 6. The flow imaging prototype. 1, pulse height analyzer; 2, regulating chamber for controlling the particle rate; 3, flash tube; 4, shielding
cage; 5, transducer chamber; 6, adjustment screws; 7, focusing screws; 8, current source and amplifiers; 9, beam switch; 10, camera; 11, cassette

supplying and winding up the film.

The control unit supervises the camera and the flash generation. It
is triggered by the random arrival of cells in the orifice. The film is
advanced after each flash by three motor steps. A picture rate
preselector limits the maximum picture rates to between 2 and
150/sec. On a normally used 30-m film 4000 pictures are stored. Cell
pictures of different samples on the same film are identified by a three
digit hexadecimal number. Three counters count and display the total
number of measured cells, the cell in the selected window and the
number of cells stored on the film. In the case of baseline distortions
of the volume pulses, the pulse height analysis, film transport and
activation of the flash are interrupted.

The complete device: Figure 5 shows a block diagram and Figure
6 shows a photograph of the imaging device.

RESULTS AND DISCUSSION

First examples of application: Figure 7(a) shows the
volume distribution curve of 20 wm mean diameter latex
particles measured with the imaging chamber. The particles
that are depicted in Figure 7(b) are selected from the right
slope of the distribution curve. Cell aggregation can be deter-
mined quantitatively by the resistance pulse technique. Eryth-
rocyte aggregation is correlated with the risk factors of myo-
cardial infarction (2). The fast imaging in flow device offers a
means of differentiating between real cell aggregates and
groups of cells disrupted by the flow forces but passing as
apparently coincident cells through the orifice. Figure 8(a)
shows a volume distribution curve of singlets and multiplets
of human erythrocytes. The doublets photographed in Figure

8(b) correspond to the second peak of the distribution curve
and the triplets of Figure 8(c) correspond to the third peak of
the distribution curve. The cells are measured in dextran T250
2.5%. :

Further development aims: Figures 7 and 8 indicate that
all cells are not yet in focus. Therefore the cells must be better
stabilized in the optical focus plane by improved hydrody-
namic focusing. The height of the volume pulses depends on
the current density in the channel. In the present chamber,
current is short circuited in the electrolyte layer between the
plexiglass disc and the coverglass and thus the pulse height is
reduced. This instable current loss must be avoided. The
optical quality can be improved by use of more intense light
flashs. Chambers with lateral cell orientation will be devel-
oped (3, 7), and fluorescence and multiparameter signals will
be used for mapping in flow.
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Fi16. 7. (a), Volume distribution curve of 20 pm mean diameter latex particles measured with the

the right slope of the distribution curve (large particles). Flow direction from bottom to top.
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Fic. 8. (a), Volume distribution curve of singlets and aggregated multiplets of human erythrocytes; (), sequence of doublets corresponding to the second peak of the distribution
curve. The channel (width 50 um, length 120 pm) is shown in the central area of each picture, flow direction from bottom to top. The cells are photographed near the outlet of the

orifice. (¢), Sequence of triplets corresponding to the third peak of the distribution curve.
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