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FLUID MECHANICAL ASPECTS OF CELL CULTURE

Objective

The research project had the objective of determining the influence of
shear rate on cell cultures. Cells were cultured on a flat substrate in a
specially designed flow chamber in which shear rate is known and controlled.

Equipment

The required items of equipment were obtained and placed in operation.
The major items are listed below.

1. The Richardson Flow Chamber, consisting of a glass slide (where the
cells are attached and grow), the main body of the flow chamber
(which has two slits for entry and exit of flow and a connector for a
vacuum line), and a rectangular silastic gasket with holes to
transmit vacuum to the glass slide. The glass slide and the main
body of the flow chamber are held parallel at a known spacing by the
gasket., This provides a flow channel above the glass surface.

2. A double syringe continuous automatic infusion pump is used to yield
a known, constant flow rate of culture medium through the flow
chamber at various prescribed levels. The pump is operated with
infusion from one syringe with simultaneous withdrawal into the
other. 1In this way contamination during the operation is reduced,

3. An Air Curtain Incubator is used for temperature control. The
detector of the incubator is placed on the slide's surface and
controlled to 37.00C +0.5.

Cell Culture Techniques

Human embryonic kidney cells lot #8514 were used in all experiments.
Techniques were developed for (i) cleaning and treating the slide's surface
prior to the cell transfer to facilitate cell attachment, (ii) for growing the
cells on the slides, (iii) treating them for successful transfers to new
slides, and (iv) for keeping the cell lines up to 4 or 5 passes while avoiding
contamination.

Basic Experiments

The flow chamber was used with the cell slide attached to the bottom of
the chamber providing a well defined area of cells exposed to the shear
field. Experiments were performed for shear stresses in the range of 2 to 60
dynes/cmé, at 370C +0.5, with the time of exposure to the shear stresses
varied between 2 and 24 hours.

Morphological analysis of the data was carried out by using a
Zeiss-Mapping system from which the following information was obtained:



- Area: cell area (u2)

- Length: cell perimeter (U)

- Count: number of
- Maximum Diameter:

- Angle: the slope
360°)

- Form: cell shape
has a shape of 1;

The collected data are

cells traced

cell's maximum diameter (u)
of maximum diameter from the center line (0° to
defined to be (4){area)/T2m. A circular cell
lower shape number indicates cell elongation.

shown in Table I.
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These selected data and optical observation of the cell show that:
1. The influence of the shear field is slight at low shear stresses
(2.60/dyn/cm2). At higher shear stresses (above 26.00 dyn/cm2) the

cells lose their viability and tend to come off the glass surface.

2. At intermediate and high shear rates (between 6.54 and 54.00 dyn/cm2 the
cells tend to be oriented parallel to the direction of flow.

3. At intermediate and high shear rates (between 6.54 and 54.00 dyn/cm2 the
cells in the flow become significantly larger than control celils.

4. At intermediate and high shear rates (between 6.54 and 54.00 dyn/cm2
cell elongation is observed causing a change in the cell form.

Metabolic Activity Measurements

Fibrin Overlay Methods for the detection of metabolic activity of colonies
of transformed cells were evaluated. From these evaluations a method was
selected (adapted from the procedure of Jones, et al) and developed for
urokinase detection.

The results are given in Table II. The numbers indicate urokinase units
produced per cell.

TABLE II.
INFLUENCE OF SHEAR FIELD ON UROKINASE PRODUCTION
TIME (HRS.) CONTROL SHEAR STRESS, DYNES/CM?
2.60 26.00
CONTROL 0.36 X 10-4
2 0.31 X 10-4
4 0.14 X 104

The data indicate a significant reduction of urokinase, released by the
cells, at high shear rates.



