DExTrRAN EFFECTS ON BLoop ViscosiTy

the mechanism is not a simple competition for
SH or S-S groups, since the concentration of
insulin added has little effect on the inhibi-
tory concentrations of blocker. The rather
interesting finding that addition of insulin
prior to blocker results in greater inhibition in
the fat pad has also been observed in isolated
rat diaphragm muscle(1) though not in per-
fused rat heart(2). No obvious explanation
for this is apparent. One can hypothesize
that in the process of binding insulin to tis-
sue, an increased number of binding sites are
made available for the NEM or that insulin
in some manner increases the permeabilty of
the tissue to NEM resulting in high concen-
trations of NEM intracellularly.

Summary. N-ethyl maleimide, a sulfhy-
dryl blocking agent, is capable of inhibiting
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the response of adipose tissue to insulin. The
inhibitory mechanism is not competitive. Al-
though the effect appears to be upon the cell
surface, the binding of insulin to the tissue is
not impaired.
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Relation of Molecular Size of Dextran to its Effects on the Rheological
Properties of Blood.* (28198)
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In recent studies with dextran as a plasma
expander in the treatment of shock(1) and in
extracorporeal circulations(2), it has been re-
ported that low molecular dextran is more
effective than the higher molecular fractions
in promoting and maintaining flow through
the capillaries and small vessels, seemingly by
lowering the viscosity of the blood and reduc-
ing the tendency of the red cells to aggregate
and stagnate in the small vessels(1). The
present experiments were undertaken to test
the possibility that low molecular dextran ac-
tually lowers the viscosity of the blood in

* The investigation was carried out under U. S.
Army contract and with the support of the Brook
Foundation, Mrs. George W. Perkins, Mrs. Alan M.
Scaife, the Mary Evelyn Townsend Fund and Nat.
Inst. Health.

t International Postdoctoral Research Fellow, Nat.
Inst. Health. .

! Present address: Dept of Physiology, Mie Uni-
versity, Tsu, Mie, Japan.

some way not explained by changes in the
red cell concentration.

Methods and procedures. Four prepara-
tions of dextran with mean molecular weights
of 15,000; 45,000; 75,000 and 250,000 (pro-
vided by Pharmachem Corp., Bethlehem, Pa.)
were tested on heparinized dog blood in vitro
for their effects on a) sedimentation rate and
on b) viscosity of blood and plasma at shear
rates from 0.2 to 230 sec’!. Determinations
of viscosity were made at 37°C with both the
Brookfield cone-plate viscometer (Brookfield
Engineering Laboratories, Stoughton, Mass.)
(3) and the Polarad couette viscometer (on
temporary loan from the Polarad Electronics
Corp., Long Island City, N. Y.)(4). Al
though the Brookfield instrument can be set
for fairly low shear rates (down to 0.3 sec!)
the torque with plasma or blood at these set-
tings is so small and the readings so near zero
on the scale, that they are essentially mean-
ingless. Hence the Brookfield viscometer
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was not used for the determinations at shear
rates below 5.8 sec!. With the Polarad vis-
cometer, reproducible results were obtained
at shear rates from 2.0 to 0.2 sec!. In this
range as will be seen below, the viscosity in-
creases rapidly as shear rate is reduced(5,6).

A series of experiments was first conducted
to study the effect of changes in hematocrit on
blood viscosity. Heparinized dog blood sam-
ples were centrifuged at 1000 X gravity for
5 minutes and plasma was added or removed
in order to prepare samples of widely differ-
ent hematocrits (8 to 88% ) from the same
source.

Since the viscosity of blood depends to a
very large extent on red cell concentration,
the effects of other factors (e.g., addition of
dextrans of various molecular weights) can-
not be readily determined unless the red cell
concentration is held constant. To accom-
plish this, the dextrans were added to freshly
drawn heparinized dog blood by replacing
a suitable portion of the plasma with autolo-
gous plasma containing sufficient dextran to
give a final plasma dextran concentration of
approximately 29%. The hematocrit value
(centrifugation in | ml Wintrobe tubes at
1500 X gravity for 30 minutes), sedimenta-
tion rate (ESR, using the 200-mm Wester-
gren tubes), and the viscosity at 37°C of
blood and plasma at various shear rates were
determined on the control blood and on the
various blood-dextran samples.

Results. The relation between red cell
concentration and blood viscosity at various
shear rates ranging from 200 sec' down to
0.2 sec! is shown graphically by the family
of curves in Fig. 1, constructed from the re-
sults of a typical experiment. It will be ap-
parent that the effects of changes in red cell

FIG. 1. July 16, 1962. Heparinized dog blood.
Showing relation of red cell concentration to vis-
cosity at different shear rates. Values at 200, 20,
5, 1.0, 0.5 and 0.2 sec™ were taken from viscosity
curves ohtained by combining measurements from
both viscometers. Sec Discussion.

FIG. 2. June 22, 1962, Compurison of effects of
various fraetions of dextran on sedimentation rate
(right side) and on blood viscosity eurves (left
side) of heparinized dog blood. Note slight differ-
ences in hematoerit value of control and dextran
samples. For discussion see text.

FIG. 3. June 28, 1962. Comparison of effects of
various fractions of dextran on sedimentation rate
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concentration are far more pronounced at
low than at high shear rates. Viscosities of
the samples with hematocrits above 70%
were so high at the low shear rates as to
make it impossible to get readings with the
Polarad viscometer. It may be seen from the
results shown in Fig. 2 that 15,000 molecular
weight dextran retards sedimentation rate
and, at low shear rates, appears to reduce the
viscosity of the blood slightly. With 45,000
m.w. dextran, both ESR and viscosity at all
shear rates are somewhat increased. With
75,000 and 250,000 m.w. dextran these
changes are magnified, apparently increasing
with the molecular size of the dextran used.
This was also borne out by separate tests
made with a 450,000 m.w. dextran (Phar-
macia Co., Uppsala, Sweden) which raised
the viscosity so much that it was difficult to
obtain readings at the lowest shear rate (0.2
secl).

As shown in Fig. 3, similar effects were ob-
tained in experiments with washed red cells
suspended in Ringer-Locke solution. In these
experiments dextran was dissolved in Ringer-
Locke solution and added to the washed cell
suspension by the replacement procedure de-
scribed above to hold red cell percentage con-
stant and to obtain a final dextran concentra-
tion of 2%. Again the viscosity was slightly
decreased by the 15,000 m.w. dextran and in-
creased progressively when the higher molecu-
lar weight dextrans were used. As shown in
the right side of Fig. 2, the ESR at the end of
2 hours was essentially zero for the control
sample as well as for the samples containing
15,000 and 45,000 m.w. dextrans; whereas the
2 hour ESR was 6 mm with 75,000 m.w. dex-
tran and 86 mm with 250,000 m.w. dextran.

The relation between the molecular size of

(right side) and on viscosity curves (left side) of
washed red cells suspended in Ringer-Locke solu-
tion. There was no observable sedimentation in
control sample (No. 5) or in those containing
15,000 or 45,000 m.w. dextran (samples 3 and 4).

FIG. 4. Diagram. constructed from viseosities
determined at lowest shear rate (0.2 see™) obtain-
able with the Polarad instrument showing that in-
crease in visceosity produeed by various fractions
of dextran is related to mean molecular weight
dextran. It will be noted that inerease in viscosity
of plasma per se is slight compared with the
change in whole blood viscosity. See text for cor-
reetions applied to results on blood.
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the dextran and its effects on the viscosity of
blood at 0.2 sec ', the lowest shear rate ob-
tainable with the Polarad viscometer, is shown
in the upper curve in Fig. 4. This Figure also
shows that the effect on the viscosity of plas-
ma per se (or of saline and Ringer-Locke so-
lution) is very small indeed. even with addi-
tion of 250,000 m.w. dextran.

Discussion. Since the Brookfield and Pol-
arad viscometers were used in different shear
rate ranges, the continuous viscosity curves
shown in Fig. 2 and 3 indicate that they were
adequately calibrated for absolute values.
The Brookfield was calibrated with water and
oils K and D obtained from the U. S. Na-
tional Bureau of Standards. The Polarad vis-
cometer was calibrated only with water since
it cannot be used on a non-conducting liquid.

The effects of molecular size of dextran
(and other colloids) on the ESR have been
carefully studied by Thorsen and Hint(7)
and by Thorsen and Richter(8). In the pres-
ent experiments we were interested only in a
rough comparison of the effects of the various
fractions of dextran on ESR in the same sam-
ples used for determination of viscosity.

The hematocrit values in the dextran sam-
ples were consistently a little below the values
in the controls, (see values tabulated in Fig.
2 and 3) the difference being most pro-
nounced with the 15,000 m.w. dextran.
Hence the slight reduction in viscosity ob-
served especially at low shear rates with this
fraction (see Fig. 2 and 3), is not a direct ef-
fect of dextran on the viscosity but an indi-
rect effect by lowering of the volume percent
of the red cells. This becomes clear if the
viscosity data are corrected for differences in
hematocrit values by reference to the upper-
most curve in Fig. 1. As shown in Fig. 4,
the application of these corrections gives
curve No. 1 which does not dip below the
basic line with 15,000 m.w. dextran as doss
curve 2 plotted from the original uncorrected
results.

The concentrations of dextran (2% ) used
in the present experiments should not theo-
retically have any measurable osmotic effect
on the red cells. However, when the osmolar-
ity of 4% solutions of the various fractions
was tested with a Fiske osmometer (Dr. C.
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Chang, unpublished observations) it was
found that the osmolar concentrations of
15,000 and 45,000 m.w. fractions were far in
excess of values that could be ascribed to dex-
tran alone. Also the samples were found to
contain enough sodium to account for 40%
of the osmolarity. Hence this and other im-
purities presumably account for the slightly
lower hematocrit value consistently noted in
the blood-dextran samples.

Summary. The viscosity of heparinized
dog blood at 37°C was studied with the
Brookfield cone-plate viscometer at shear
rates from 230 sec! down to 5.8 sec! and
with the Polarad couette viscometer from 2.0
sec ' down to 0.2 sec'. The relation of vis-
cosity at various shear rates to red cell con-
centration was determined on samples of
blood in which the hematocrit values were
adjusted from 8.0% to 88%.

Several fractions of dextran with mean
molecular weights ranging from 15,000 to
250,000 were tested for their effects on sedi-
mentation rate and on the viscosity of whole
blood and of washed red cells suspended in
Ringer-Locker solution. Some dextran frac-
tions contained osmotically active impurities
that caused a slight lowering of the hema-
tocrit value. When the viscosity data were
corrected for differences in hematocrit values
the results showed that all dextran fractions
raised blood viscosity, the increase being re-
lated to the mean molecular weight of the
dextran fraction added. This effect cannot
be explained by the change in viscosity of the
plasma.

Low molecular dextran does not re-
duce the viscosity of blood samples below
the control value.
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Photodynamic Inactivation of Arbor Viruses by Neutral Red and

Visible Light.
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The interaction of photosensitized neutral
red dye and virus:cell systems was pointed out
by several groups of workers(1,2,3) as a re-
sult of observations of reduced efficiency of
plaque formation when infected monolayers
were exposed to visible light in the presence of
dye.

During control studies on the effect of this
variable on Japanese encephalitis virus:cell
systems, it was noted that this virus was mark-
edly sensitive to photodynamic inactivation
by neutral red and visible light even when
exposed in the extracellular state. This virus
thus differed from poliovirus in this respect,
since it had been reported recently(4) that
photodynamic inactivation occurred only when
poliovirus was grown in the presence of neutral
red and not when dye and mature virus par-
ticles were mixed extracellularly.

It is the purpose of this report to document
these findings, to demonstrate that they apply
equally to both group “A” and group “B” ar-
bor viruses, and to point out their technical
importance, as well as their possible applica-
tion to production of killed virus vaccines.

Materials and methods. Preparation of
stock viruses. The Nakayama strain of Jap-
anese encephalitis virus was employed at ap-
proximately the 90th mouse passage. The
strain was “purified” by 3 successive plaque
passages on chick embryo fibroblasts,

Stocks were prepared from the brains of
moribund suckling mice by homogenization at
10% (W/V) concentration in 10% antibody-
free rabbit or calf serum saline. Some stocks

* Present address: c/o Dr. Shiro Miura, Dept of
Epizootiology, School of Vet. Med., University of
Hokkaido, Sapporo, Japan.

t Present address: Wistar Inst. of Anatomy and
Biology, Philadephia, Pa.

were prepared by inoculation of stable mon-
key kidney cells (MK-2 cells kindly supplied
by Dr. Robert Hull, Eli Lilly Laboratories,
Indianapolis, Ind.) maintained in M199 me-
dium and 1% calf serum. Virus stocks were
clarified by centrifugation at 10,000 rpm in
the high speed head of the refrigerated Inter-
national Centrifuge (Model PR-1) for 30
minutes.

The following arbor viruses were also used
in this study:

a. Japanese encephalitis virus, M7-1017
selected strain isolated from mosquitoes in
1957 at the Medical General Laboratory
(406) and subsequently selected for heat re-
sistance (K. Fujinaga and R. K. Gershon,
unpublished experiments).

b. Yellow fever virus, 17D strain, in 2nd
Medical General Laboratory (406) suckling
mouse brain passage (SMB-2).

c. West Nile encephalitis virus, Egypt 101
strain, passed once in adult mouse brain, then
once in suckling mouse brain.

d. St. Louis encephalitis virus, Hubbard
strain, SMB-8.

e. Murray Valley encephalitis virus, strain
1, passed at Medical General Laboratory
(406) once in adult mouse brain, then once in
suckling mouse brain.

f. Dengue virus, type I (Hawaiian strain),
passed at Medical General Laboratory (406)
11 times in adult mouse brain, then 4 times
in suckling mouse brain.

g. Western equine encephalomyelitis vi-
rus, North Dakota strain, passed 6 times in
adult mouse brain, then once in suckling
mouse brain.

h. Eastern equine encephalomyelitis virus
in second Medical General Laboratory (406)
suckling mouse brain passage.





