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Effect of Cell Geometry, Internal Viscosity, and pH on Erythrocyte
Filterability (41089)"
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Abstract. A simple filtration method has been developed for measuring the passage time
of dilute erythrocyte suspensions through 2.8-um cylindrical pores relative to the passage
time of the suspending buffer. This method of determining relative filtration time (RFT) is
shown to be sensitive to the major determinants of overall red cell deformability by demon-
stration of the effects of variations in internal viscosity (intracellular hemoglobin concentra-
tion), cell geometry (volume, surface area-to-volume ratio), and membrane properties.
These factors were examined by varying the buffer pH at constant osmolality and by varying
the buffer osmolality at constant pH. In addition, the influence of cell volume alone was
investigated by measuring RFT of suspensions of rat, rabbit, and human erythrocytes, of
naturally different volumes but of the same basic biconcave shape. The results of these
studies indicate that: (a) RFT is significantly increased by decreases in the surface area-to-
volume ratio produced by osmotically induced cell swelling; (b) RFT increases nearly
linearly with increasing intracellular hemoglobin concentration of cells in hypertonic buffers;
(c) reduction of buffer pH below 7.20 causes a significant increase in RFT that is not
explained by cell volume or geometric changes and is presumably due to altered membrane
properties; and (d) the contribution of cell volume alone in normal biconcave erythrocytes
over the range of 60— 100 wm?® is much less than that of even slight decreases in the surface
area-to-volume ratio. These studies illustrate well the relative contributions of each of the
major determinants of red cell deformability and the amount of information that can be

obtained using a relatively simple filtration method.

The ability of erythrocytes to deform is
necessary for the performance of their
function in oxygen delivery. Both the re-
lease of young erythrocytes from the bone
marrow and the removal of senescent cells
by the spleen depend on this ability of red
cells to traverse narrow slits or pores. Se-
vere alterations in deformability may pre-
vent the maintenance of adequate circulat-
ing levels of viable, functioning erythro-
cytes and thereby produce clinical disorder.
Minor alterations may provide clues to
subtle metabolic or membrane abnor-
malities associated with inherited or ac-
quired systemic disease.

Overall erythrocyte deformability is in-
fluenced by cell geometry (in particular the
surface area-to-volume ratio), internal vis-
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cosity (largely a function of the concentra-
tion and physiochemical state of hemoglo-
bin), and the properties of the erythrocyte
membrane (1). A method for measuring red
cell deformability under a variety of in vitro
conditions or in various disease states
should be able to distinguish to some extent
the contributions made by each of these
factors, both to clarify the nature of any
differences observed among cell popula-
tions and to provide information helpful in
determining the most fruitful direction to
take in further experimentation.

Descriptions of methods used to measure
deformability of red cells often do not in-
clude a demonstration of how the experi-
mental results might be influenced by alter-
ations in geometry, internal viscosity, or
membrane properties. Such an under-
standing and elucidation of the limitations
and advantages of any method would seem
essential for the proper interpretation of
significant findings.

We report here an analysis of the effects
of several factors on the passage time of
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dilute erythrocyte suspensions through
polycarbonate membrane filters with 3-um
cylindrical pores. Even a relatively simple
filtration method such as that described in
this article and by others (2—4) can be used
to assess the relative contributions of cell
size, geometry, and viscosity to overall
deformability.

Materials and Methods. Preparation of
blood. Blood samples were obtained from
the antecubital veins of healthy human vol-
unteers,? the marginal ear veins of rabbits,
and the abdominal venae cavae of anes-
thetized rats. Heparin (10 U/ml) was the
anticoagulant in all cases.

Suspending media. Phosphate buffers
(pH 7.40) of varying osmolalities were
prepared by dilution from a standard
stock solution of the following composi-
tion in g/liter: NaCl, 90.0; Na,HPO,, 13.66;
NaH,PO,; H,0, 2.43. Buffer osmolalities in
the experiments described here ranged
from 200 to 600 mosm/kg, measured using
either freezing-point depression (Fiske Os-
mometer, Fiske Associates, Inc., Haw-
thorne, Mass.) or vapor pressure (Wescor
Model 5100B Vapor Pressure Osmometer,
Wescor, Inc., Logan, Utah).

Isotonic (290 mosm/kg) phosphate buff-
ers of varying pH’s were prepared by mix-
ing of two stock solutions of the follow-
ing compositions in g/liter: solution A:
NaH,PO,-H,0, 1.4112, NaCl, 8.55; solu-
tion B: Na,HPO,, 1.454, NaCl, 8.40. Buffer
pH’s in the experiments described below
ranged from 6.5 to 8.0.

Filters. Polycarbonate sieve filters, 13
mm in diameter with a nominal pore size of
3 um, were obtained from Nuclepore Cor-
poration (San Francisco, Calif.). All filters
used in these experiments were from a
single batch (No. 04448) with an actual pore
size of 2.75—2.85 um and a pore density of
1.9-10%cm?. The filters were soaked in
isopropanol for 30 min and rinsed with dis-
tilled water prior to use in an experiment.

Determination of the relative filtration

2 Informed consent was obtained from all human
subjects and all procedures were performed according
to the Declaration of Helsinki and with the approval of
the Committee for the Protection of Human Subjects
of the Maine Medical Center.
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time (RFT). The filtration apparatus used is
shown diagrammatically in Fig. 1. The en-
tire apparatus, reservoirs of suspending
media, cell suspensions, pipettes, etc.,
were contained within an environmental
chamber at a temperature in the range of
35-37°. All measurements of filtration were
done in this chamber.

The following protocol was used to ob-
tain a value of RFT for a given cell suspen-
sion. A filter soaked and washed as de-
scribed above was mounted in a 13-mm
polycarbonate ‘‘Pop-Top’’ filter holder
(Nuclepore) with the shiny side of the filter
toward the lower, outflow end of the hold-
er, and the holder was filled with buffer to
overflowing from below through a three-
way stopcock. A modified 1.0 ml-Van
Slyke—Neill pipet (Arthur H. Thomas Co.,
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Fi1G. 1. Diagram of filtration apparatus used in the
experiments described in this paper, consisting of a
modified Van Slyke pipet, polycarbonate sieve filter
holder, three-way stopcock, and flushing syringe. For
description of experimental procedure, see text.
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Philadelphia, Pa.), fitted with a male luer
connector, was filled with buffer and at-
tached to the top of the filter holder with the
outflow stopcock in the closed position.
When the stopcock was opened, the buffer
flowed by gravity through the filter and the
time required for the passage of 1.0 ml was
measured with a stopwatch and recorded.
This procedure was repeated until three
consecutive measurements of the ‘‘buffer
time’’ were obtained that agreed to within
0.1 sec. When a satisfactorily constant
“‘buffer time’> was obtained, the pipet was
filled with the dilute cell suspension pre-
pared in that buffer and the time for passage
of 1.0 ml of this suspension was measured
and recorded. The filter in its holder was
subsequently rinsed free of cells by flushing
with buffer, washed in distilled water in an
ultrasonic bath for 1 min, and rinsed again
with buffer. This entire protocol was re-
peated with three different filters to obtain
triplicate measurements on each cell sus-
pension.

The RFT was calculated by dividing the
filtration time for the cell suspension by the
buffer time for that filter and ultimately
averaging the resulting values for RFT
obtained with the three filters. By thus com
paring the filtration times of the cell sus-
pension and buffer for each filter, the mea-
surement variability among the filters used
in an experiment was greatly reduced.

Although values for RFT could conceiv-
ably range from 1.0 (no increase in filtration
time due to the presence of cells in the
buffer) to infinity (cell suspension will not
pass through the filter), only RFTs of less
than 10 were considered for analysis to
avoid any time-dependent artifacts such as
sedimentation or aggregation of erythro-
cytes.

Preparation of cell suspensions. Cell
suspensions were prepared in phosphate
buffers of varying osmolality by direct dilu-
tion of whole blood into buffer. The volume
of the original blood sample necessary to
produce a 0.5% hematocrit in 20 ml of
isotonic (290 mosm/kg) buffer was calcu-
lated; this volume was then used to prepare
all the dilutions at other osmolalities to as-
sure equal cell concentrations (number of
cells per unit volume) in all the suspen-
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sions. These dilute cell suspensions were
prepared 5 min before the filtrations were to
be performed in order to allow osmotic
equilibration to occur.

Cell suspensions were prepared in buff-
ers of varying pH’s in a similar manner to
assure equal cell concentrations in all sus-
pensions.

Mean cell volume (MCV), mean cell he-
moglobin (MCH), and mean cell hemoglo-
bin concentration (MCHC) were calculated
for the initial whole blood sample and for
each of the cell suspensions used in an ex-
periment. Following measurement of RFT,
the remainder of the dilute cell suspension
was concentrated to hct 20—30% by low-
speed centrifugation, removal of a large
portion of the suspending buffer, and gentle
resuspension of the cells. Erythrocytes
were counted using a Coulter counter
(Model Fn, Coulter Electronics, Hialeah,
Fla.); hemoglobin concentration was de-
termined using the cyanmethemoglobin
method and commercially available stan-
dards (Hycel, Inc., Houston, Tex.); hema-
tocrit was measured using a microhema-
tocrit centrifuge with no correction applied
for trapped plasma.

Data analysis. Statistical analysis of data
was accomplished using prerecorded pro-
grams supplied for the HP-67 programma-
ble calculator (Hewlett—Packard, Corval-
lis, Ore.); these were used for comparison
of means, linear regression, and one-way
analysis of variance. Supplementary pro-
grams for curvilinear and multiple regression
were written for the calculator using formulae
from statistical reference texts (5—7).

Results. Determination of RFT. The cal-
culation of a mean RFT for a cell suspen-
sion from triplicate determinations using
three filters serves to reduce the variability
arising from slight differences in pore size
or density among the filters in a given
batch. This point is addressed in Tabie I,
summarizing the experimental data from 15
experiments in which RFT was determined
on cell suspensions prepared from blood of
healthy nonsmoking human volunteers.
The intrinsic differences among the 45 dif-
ferent filters utilized in these 15 experi-
ments are indicated by the high coefficient
of variation accompanying the mean buffer
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TABLE 1. EXPERIMENTAL VARIABILITY IN
RFT MEASUREMENT

Buffer Cell

time* time” RFT¢
n 45 15 15
Mean 4.95 11.33 2.30
SD +0.66 +1.48 +0. 19
c.v. (%) 13.3 13.1 8.3

“ Each of the three filters in each of the 15 experi-
ments (45 different filters) can be considered inde-
pendently in determining the variability among buffer
times.

» Time for passage of 1 ml of cell suspension,
determined for each of the 15 experiments as the
average of triplicate determinations within that ex-
periment using three different filters.

¢ RFT determined for each of the 15 samples from
triplicate determinations on a single cell suspension
using three filters, as described in the text.

time of 4.95 sec. The similar degree of vari-
ability around the mean value for the ‘‘cell
time’’ determined for the 15 subjects re-
flects these differences as well. The coeffi-
cient of variation for the RFT determination
is much less, indicating the benefit of cal-
culating the ratio of cell time to buffer time
for each filter. Any such reduction in the
experimental variability within a group en-
hances the ability of the method to detect
differences among groups of subjects due to
the properties of the cells in the suspen-
sions.

Effect on RFT of osmotically induced
changes in erythrocyte geometry and inter-
nal viscosity. The most meaningful method
of expressing the data obtained from these
experiments is shown in Fig. 2. Varying the
osmolality of the suspending buffers pro-
duces erythrocyte volume changes that can
be related to the RFTs of these suspensions
by a curve fit to the data using an empirical
formula (see Appendix). Analysis of this
curve reveals a minimum RFT (RFT,,;,) and
a corresponding minimum MCV (MCV ;).
These two parameters mark the point of
optimization of the filterability of the par-
ticular cell suspension with respect to
changes in cell volume. It should be noted
in Fig. 2 that relatively small increases in
MCYV (5—10% above the MCV measured in
whole blood [MCVy,;]) produce large in-
creases in RFT and that decreases in MCV
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F1G. 2. Relationship of RFT to osmotically induced
changes in MCV. All data points were obtained on cell
suspensions prepared from the blood of a single
healthy human volunteer. The solid line was generated
using a curve-fitting routine described in the Appen-
dix. The vertical and horizontal dashed lines indicate
the location of RFT,,, and MCV,,;, as indicated. The
asterisk and arrow indicate the location of the MCV,,;,
for comparison.

also produce increases in RFT, although
not as dramatic.

The fact that these osmotically induced
changes in RFT reflect more than simply
erythrocyte size is shown in Fig. 3. Rat,
rabbit, and human red cell populations with
MCV,y,’s of approximately 65, 72, and 90
um?, respectively, demonstrate MCV/RFT
curves that are very similar in shape but
separated on the MCV axis (top panel).
However, a clearly different relationship
exists between RFT and MCV,,;, for normal
biconcave cells from all three species
(lower panel). It appears from these data
that the normal geometry of mammalian
erythrocytes provides maximum deform-
ability and that deviations in either direction
(swelling or shrinking) diminish the ability
of these cells to pass through cylindrial
channels. Since the MCV,,;’s of the three
species are quite different, the geometric
factor responsible for the sharp increase in
RFT with cell swelling must be the surface
area-to-volume ratio (SA/V), as suggested
previously (8, 9).

The normal optimization of erythrocyte
deformability is further illustrated in Fig. 4,
which depicts the relationship between
MCV,,, and MCV_,;, for cell suspensions
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FiG. 3. Upper panel: Relative filtration times for
suspensions of osmotically manipulated erythrocytes
from rats, rabbits, and humans. Each of the curves
was generated from a single blood sample. The vertical
arrows indicate MCV ,,,, for each of the species. Lower
panel: Relationship between MCV and RFT for normal
biconcave erythrocytes from rats, rabbits, and hu-
mans. The solid line was fitted to the points using the
least-squares regression technique and represents the
equation: RFT = 1.06 + (0.0124) MCV) where r =
0.4635 and n = 33 (P < 0.01). The rat and rabbit eryth-
rocytes were suspended in buffer at 310 mosm/kg, a
level isotonic to the plasma of these animals as mea-
sured in our laboratory.

from the three species. The regression line
has a slope quite close to (and not signifi-
cantly different from) unity, indicating that
the two variables are nearly identical.

RFT,,, like RFT, is not completely in-
dependent of cell size. Figure 5 illustrates
the relationship between MCV;, and
RFT ., for suspensions from rats, rabbits,
and humans. A significant relationship does
exist between the two variables with
RFT,,;, increasing in a nonlinear fashion as
MCV,in is increased. This is similar to the
relationship between MCV,, and RFT
(measured in isotonic buffer) shown in Fig.
3, lower panel.

Explanation of the results shown in Figs.
4 and S involves a discussion of the primary
determinants of erythrocyte deformability:
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FiG. 4. Relationship of MCV,;, to MCV;,. Each
symbol indicates the values determined on a single
blood sample from a rat, rabbit, or human as indicated
in Figs. 2 and 3. The solid line was fit to the data using
the least-squares linear regression method and the
dashed lines indicate the 95% confidence limits.

membrane properties, SA/V, and internal
viscosity (1, 10). Osmotically induced
changes in erythrocyte volume affect inter-
nal viscosity (by concentration or dilution
of hemoglobin) and SA/V. No evidence
exists that intrinsic membrane properties
are altered by this treatment and recent
evidence from micropipet (11) and rheol-
ogical studies (12—14) indicates that mem-
brane physical and mechanical ‘properties
may play only a minor role in determining
overall cell deformability.

Swelling of erythrocytes in hypotonic
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FiG. 5. Relationship of MCV,,;;, to RFTy;,. Each
symbol represents the values determined on a single
blood sample for one of the three species. The dashed
curve represents the power curve (RFTynn — 1) =
8.3-1073%(MCVnin)> " where r2 = 0.5668 and n = 32.
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media decreases SA/V (tending to reduce
cell deformability) while at the same time
decreasing MCHC and, therefore, internal
viscosity (tending to increase cell deform-
ability). Osmotic shrinking of erythrocytes
would have the opposite effect in both
cases. At some point, an optimum combi-
nation of SA/V and internal viscosity pro-
duce a maximally deformable cell; accord-
ing to the results presented here, .this op-
timum point lies close to or at the normal
state of the erythrocyte.

As mentioned above, the decrease in
SA/V that occurs with cell swelling appears
to be responsible for the increase in RFT.
Evidence that the less-striking increase in
RFT with cell shrinking is due to increasing
MCHC is shown in Fig. 6. A highly signifi-
cant (P < 0.01) nonlinear relationship exists
between RFT and MCHC in suspensions of
cells from all three species in buffers with
osmolalities greater than 300 mosm/kg.

Effect of pH on RFT. The results of five
experiments in which RFTs were measured
on human erythrocytes suspended in
isotonic buffers ranging in pH from 6.5 to
8.0 are shown in Fig. 7. The overall effect of
pH on RFT is significant (P < 0.05, one-way
analysis of variance) and mean RFTs at
pH’s of 6.5, 6.8, and 7.0 are significantly
different from the control value at pH 7.40

35
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FiG. 6. Relationship of RFT and MCHC. Each
symbol represents values for RFT and MCHC ob-
tained from cell suspensions in buffers with os-
molalities greater than 300 mosm/kg, prepared from
blood samples from all three species. The solid line is
analogous to the linear slowly rising left portion of
the curves in Fig. 3; the dashed line fit to the data
points represents the power curve (RFT — 1) =
2.46-10-5(MCHC)**®!* where r* = 0.7609 and n = 62.
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Fi1G. 7. Influence of pH on RFT. Symbols indicate
mean RFT = SD for five experiments. The overall
effect of pH on RFT was statistically significant
(F(7,27) = 3.367 for one-way analysis of variance);
asterisks indicate RFTs that are significantly different
from the control RFT at pH 7.40 (P < 0.05 using the ¢
test for paired samples).

(P < 0.05, t-test for paired data). Since RFT
is sensitive to erythrocyte volume changes
as demonstrated above, the effect of pH on
red cell indices in this group of experiments
was examined as well. The results, summa-
rized in Table II, indicate a significant and
reciprocal effect of pH on MCV and

TABLE II. EFrect ofF pH oN MCV aNnD MCHC"

MCV? MCH MCHC"

pH (7)) (pg) (g/dl)

6.5 101.3 = 4.1  31.67 = 1.41 31.28 = 1.07
6.8 96.7+58 31.61 x132 32.08=1.44
7.0  973*6.4 31.47+1.06 32.40 = 1.17
7.2 94.6+72 31.64+1.56 33.50 = 0.84
7.4 92,2 +3.0 31.78 £ 1.33 34.49 + 1.17
7.6 92.5 6.4 31.64 = 1.89 34.53 = 1.09
7.8  90.5+6.1 31.73+131 3514x1.32
80 883+59 31.52+1.00 3578 = 1.29

“ Values are mean + SD for five experiments.
¢ Significant effect of pH (P < 0.05, one-way analy-
sis of variance).
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MCHC, with MCH unaffected as expected.
To examine whether the observed increases
in MCV at the low pH’s could account for
the increased RFT values in these samples,
a group of experiments were performed in
which the same blood sample was used to
prepare suspensions of cells both in pH 7.40
buffers at varying osmolalities and in 290
mosm/kg buffers of varying pH’s. The re-
sults of one of these experiments are shown
in Fig. 8; clearly different relationships
between MCV and RFT are obtained in the
two cases, with the increases in RFT pro-
duced by low pH greater than could be ex-
pected on the basis of a simple increase in
cell size.

Discussion. The experimental method
and the results of in vitro studies described
here reveal the relative contributions of
erythrocyte size, geometry, and internal
viscosity to the measurements of cell de-
formability using filtration techniques. Cell
size (as indicated by MCV) does not greatly
affect RFT even over the wide range of
60—100 pwm?, as long as the erythrocytes
possess the normal biconcave shape. Con-
ceptually similar results were obtained in a
study of blood viscosity in various species
(15). Measurements of erythrocyte deform-
ability in 25 mammalian species using the
ektacytometer support this conclusion as
well (16). Regardless of size, all normally

10 T T T T T

© variable pH, 290 mOsm/kg

® variable tonicity, pH 7.40

50 6 70 8 9 100 10
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Fi1G. 8. Comparison of the effect on RFT of MCV
changes produced by varying either the osmolality or
the pH of the suspending buffer. Closed circles indi-
cate osmotically induced changes in MCV; open cir-
cles indicate pH-induced MCV changes. The vertical
arrow indicates the MCV ,,;,, calculated as described in
the Appendix.
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biconcave mammalian red cells were found
to deform under shear stress to a minimum
diameter of less than 3 um. In the present
study, alterations in the shape, especially
decreases in SA/V, have a pronounced ef-
fect on RFT that strongly suggest a signifi-
cant reduction in overall deformability; this
effect is equally important regardless of the
normal volume of the biconcave cell (see
Fig. 3). Although the geometric alterations
in this study were produced osmotically,
the possibility exists that similar results
would be obtained if the abnormality were
genetic, the result of systemic pathology, or
drug induced. For example, a large differ-
ence between RFTs measured on two
isotonic cell suspensions whose MCVs and
MCHCs are similar means that geometric
or membrane-related differences must be
present. Conversely, the lack of a large
difference in RFT between two cell suspen-
sions with differing MCVs but similar
MCHCs would not be surprising, and
would indicate that the larger cells may be
as deformable as the smaller due to the pres-
ervation of a favorable SA/V ratio. Thus,
knowledge of erythrocyte indices and the
measurement of RFT as described here in
an isotonic buffer can indeed shed light on
the possible reasons for altered erythrocyte
deformability.

The significant effect of pH on RFT is not
completely explained by altered cell geom-
etry or internal viscosity (Fig. 8). The
physical properties of the erythrocyte
membrane proteins may be sufficiently af-
fected by the reduction in pH to account for
the observed pattern, as has been suggested
previously (17). This pH-induced change in
deformability may very well be related to
sequestration of erythrocytes in the acidic
environment of the splenic sinusoids or to
the abnormal erythrocyte flow patterns ob-
served in human diabetic ketoacidosis (18).

The value of an analysis of an experi-
mental method such as described here lies
not only in its contribution to the under-
standing of results obtained from filtration
studies of pathologically altered erythro-
cytes but also in its generation of data sug-
gesting additional avenues of research into
the pathogenesis or properties of abnormal
red cells.



456

Appendix. The curves fit to the data in
Figs. 2, 3, and 8 represent the following
empirical equation:

(RFT — 1) = a(MCV) + b(MCVY

For the curve-fitting procedure, a value for
¢ was estimated, then a and b were calcu-
lated using a multiple-regression program
written for the HP-67 programmable cal-
culator using standard formulas (7). This
process was repeated until a minimum
value for r? was obtained for the relationship.
MCV.i» Was obtained by differentiation of
the above formula following insertion of
the numerical values for the coefficients;
RFT,,;» was determined by substitution of
MCV,,;, into the original equation. Six pairs
of values for RFT and MCV were found to
be the best combination of accuracy in fit-
ting the curve and ease in performing
the experiment.

1. Chien, S., Blood Cells 3, 71 (1977).

2. Baar, S., Brit. J. Haematol. 34, 69 (1976).

3. Leblond, P. F., and Coulombe, L., J. Lab. Clin.
Med. 94, 133 (1979).

4. Teitel, P., Blood Cells 3, 55 (1977).

5. Colton, T., ‘‘Statistics in Medicine,”” Little,
Brown & Co., Boston (1974).

6. Edwards, A. L., ‘*An Introduction to Linear Re-
gression and Correlation,”’ Freeman, San Fran-
cisco (1976).

INFLUENCES ON ERYTHROCYTE FILTERABILITY

7. Snedecor, G. W., and Cochran, W. G., ‘‘Statisti-

10.

11.

12.

13.

14.

cal Methods,”’
Towa (1967).

Iowa State University, Ames,

. Gergersen, M. 1., and Bryant, C. A., in ‘‘Hem-

orheology’” (A. L. Copley, ed.), pp. 539-549.
Pergamon Press, New York (1966).

. Gregersen, M. 1., Bryant, C. A., Mammerle,

W. E., Usami, S., and Chien, S., Science 167, 1
(1967).

Chien, S., in ‘‘Hemodilution: Theoretical Basis
and Clinical Application,”” p. 1, International
Symposium Rottach-Egern (1971).

Heuskinfeld, R. S., **Studies of Erythrocyte
Membrane Rigidity,”” University Microfilms, Ann
Arbor (1973).

Meiselman, H. J., Biorheology 15, 225 (1978).
Meiselman, H. J., and Baker, R. F., Biorheology
14, 111 (1977).

Meiselman, H.J., and Wenby, R., Microvasc
Res. 17, S40 (1979).

. Chien, S., Usami, S., Dellenback, R. J., and

Bryant, C. A., Biorheology 8, 35 (1971).

. Smith, J. E., Mohandas, N., and Shohet, S. B.,

Amer. J. Physiol. 236, H725 (1979).

. Crandall, E. D., Critz, A. M., Osher, A.S.,

Keljo, D. J., and Forster, R. E., Amer. J. Physiol.
235, C269 (1978).

. Ditzel, I., in ‘‘Microcirculatory Approaches to

Current Therapeutic Problems,” p. 123, Karger,
Basel (1971).

Received July 21, 1980. P.S.E.B.M. 1981, Vol. 166.



