ProLONGED BIwWEEKLY HUMAN PLASMAPHERESIS

toacetate solution had:been introduced. In
one rat we used a hypodermic syringe to in-
ject an additional 2 ml into the tail vein over
a period of half an hour. In all instances a
total of 4 hours elapsed before the animal was
sacrificed. Following this, the heart was re-
moved, washed with saline and dropped into
hot 30% KOH together with 35 mg of puri-
fied glycogen made from rat liver. The car-
rier material was necessary in view of the fact
that a single rat heart contains only about 2
mg of glycogen which is an inadequate amount
for isolation, purification and degradation.
The dilution does not interfere with evalua-
tion of radioactivity since counting was done
on the total sample which was highly purified
(4), degraded to CO, by persulfate oxidation
(5) and assayed as BaC'O;.

Results. According to Lackey et al.(2) the
infusion of acetoacetate can cause as much as
a 60% increase in heart carbohydrate. In
the average rat this represents formation of
approximately 1.5 mg of glycogen over and
above that normally present. We would not
expect our experiments to effect this much
synthesis since we introduced only about
60% as much ketone as the original workers.
However, assuming that we obtained only
10% as much synthesis and assuming that no
more than one C!* from the acetoacetate was
incorporated into each glucose of the glycogen
molecule, we would have expected radioac-
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tivity in the order of 500 counts per minute.
In none of our experiments did the glycogen
molecule contain any traces of radioactivity.
We are forced to conclude therefore, that the
increase in heart glycogen accompanying ke-
tonemia does not represent a direct conversion
of ketone bodies to carbohydrate. The
mechanism of this effect is still an open ques
tion. _ :

Summary. The intravenous injection of
large amounts of acetoacetate-3-C!* has been
effected under conditions reported to'cause a
net increase in heart glycogen. Isolation and
degradation of the cardiac glycogen failed to
divulge any trace of radioactivity. It thus ap-
pears that the net increase in heart carbo-
hydrate accompanying ketonemia represents
some secondary and yet undetermined influ-
ence of ketone bodies.
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Plasmapheresis is the obtaining of whole
blood from a donor with the retention of the
plasma; the red blood cells being returned to
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the donor. This has been accomplished in the
past in both man and other animals by well
known technics(1-5). These are laborious,
time consuming, and have many other ob-
vious drawbacks inherent in the methods
which would prevent large scale use. The
present study is concerned with plasmaphere-
sis in man utilizing the ADL-Cohn Blood
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Fractionator.! The theoretical aspects of this
technic have been discussed(6). With this
equipment the red blood cells and plasma are
continuously separated during the phlebot-
omy. It provides a sterile closed mechanical
system for taking blood from a donor and
separating it into many of its constituents,
any of which may be returned immediately
to the donor through the same needle used for
the phlebotomy. The temperature of the re-
moved blood during separation is decreased
to 8°C or lower in a very short period of
time which prevents adverse enzyme activity.
Completely non-wettable surfaces have been
utilized throughout, consisting of either poly-
vinyl plastict or silicone-coated$ metal. A
complete description of the Blood Fraction-
ator is being prepared(7). One of the prob-
lems being investigated in the present study
is to determine whether biweekly plasma-
pheresis of the same donor over a period of
one year is safe and feasible. This project
has been in progress since April 1955 (about
40 weeks) and because of the practical appli-
cations, as well as the broad theoretical impli-
cations, it seemed advisable to present a pre-
liminary report.

Methods and materials.  Plasmapheresis
technic. The donor lies on a table placed on
a raised platform which, by gravity, increases
the rate of flow of blood to the Fractionator
which is about 40 inches lower. The phle-
botomy is started with the insertion of a
silicone-coated 15 gauge needle into a larger
vein, usually in the antecubital fossa. The
blood flows through a 3 way stop cockl and
through an ion exchange resin columnf which
removes the calcium and some of the platelets.
The decalcified blood then continues into the
centrifuge bowl, which for this operation is
designed to accept a fixed volume of 500 ml
of fluid for each run. While the bowl is spin-
ning, only the plasma (the lighter component)
is allowed to flow from the bowl into a plastic
bag. No admixture of red blood cells occurs.

t Mfd. by A. D. Little, Inc.

{ Mfd. by Fenwal Labs., Inc.

§ Mfd. by General Electric.

[l The 3 way stop cock is being replaced by a plastic
Y tube.

Y Dowex 50.

ProLoNGED BIwWEEKLY HUMAN PLASMAPHERESIS

The red blood cells, which are heavier, ac-
cumulate within the bowl and flow by gravity,
after the bowl! is stopped, into another plastic
bag. The plastic tubings, through which the
plasma and red blood cells respectively flow
to the bags and which are connected to the
bowl are then sealed** (a one-half inch wide
seal), and the seal is cut through the middle
with a pair of scissors. This operation thus
produces sterile containers of plasma and red
blood cells with short lengths of attached
tubing sealed at the end. Red blood cells are
returned to the donor by connecting the plas-
tic tubing attached to the red cell bag, to the
3 way stop cock. Incorporated in the plastic
tubing outlet of the red cell bag is a drip
chamber and a nylon mesh filter. In the 3 to
4 minute period during which the red cells
drop from the centrifuge into the bag, sterile
physiological saline is slowly infused into the
donor in order to keep the lumen of the needle
and tubing open for the return of the red
blood cells. To some extent, before the red
cells are returned, the saline replaces tempor-
arily the volume of the whole blood removed.
Donors. Twenty-three men are being utilized
in this study. Nineteen of these volunteers
are members of the Philadelphia Park Police
between the ages of 26 and 35, in excellent
physical condition. The remaining 4 men are
between 37 and 43 years of age. Tests. The
following determinations are made at each
visit: Blood pressure, pulse, red blood cell
count, white blood cell count, differential
counts, platelet count, hemoglobin, hemato-
crit, sedimentation rate and prothrombin clot-
ting time. In addition, paper electrophoretic
pattern and nitrogen content are determined
for each plasma.

Results. Table 1 shows that there is very
little variation in the red cell count, hemo-
globin, hematocrit and plasma nitrogen in a
single donor subjected to biweekly plasma-
pheresis over a period of 40 weeks. In addi-
tion the amount of time for each phlebotomy
and red blood cell return is recorded. These
data, pertaining to a single donor, are repre-
sentative of the entire group of 23 individuals
in the study. '

White blood cell counts, differential counts,

** Mfd. by Scientific Specialties Corp.
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TABLE 1. Effect of Biweekly Plasmapheresis on the Same Donor over a Period of 40 Weeks.
Weeks

0 4 8 12 16 20 24 28 32 36 40

Red blood cell counts 47 49 46 45 56 52 49 54 51 47 49
(X 10%)

Hemoglobin (g) 158 152 151 163 154 150 157 150 158 149 145
Hematocrit (%) 42 40 41 38 40 40 40 43 45 43 46
Plasma N (%) 1.07 114 100 102 108 100 103 101 104 1.08 -1.06
Phlebotomy time* 735 945 900 740 746 1002 721 740 1510 7 23 7 40

R.B.C. return time*

750 1010 912 1235 940 705 830 908 1112 1057 9 34

* First number in these columns is minutes, last 2 numbers are seconds; e.g., 7 35 =7 min.

35 sec.

platelet counts, sedimentation rates and pro-
thrombin clotting times carried out routinely
at each donor’s visit have been quite constant,
much the same as would be found in any
normal person.

To make this technic a practical procedure,
the time consumed must be relatively short.
The average time required for the phlebotomy
and red blood cell return of the 23 men for
20 plasmaphereses (a total of 460) is 8’ 50”
and 10’ 04” respectively. Allowing 3 minutes
for the red cells to drop after the centrifuge
has been stopped, the total time elapsed is
8 50” -4 10 04” -+ 3’ = about 22 minutes.
It is a simple matter to run 3 complete plas-
maphereses per hour by beginning a phle-
botomy on the second donor after the red
blood cells are started in return to the first
donor.

Over 550 plasmaphereses have been carried
out since the start of this project including
the preliminary and trial runs. No untoward
reactions have been observed in any donor.

Discussion. The utilization of the new
equipment mentioned has made frequent
plasmapheresis of the same human donors
both safe and feasible. This permits the use

of donors for plasma only, with the replace-

ment of their red blood cells, thus allowing
26 bleedings per year in this study. Fiity
plasma donations yearly should be perfectly
feasible since the human plasma proteins are
regenerated rapidly(1,3), and since a very
small percentage of the total plasma proteins
is removed at one time. (200 ml plasma x
7.5% protein equals 15 g of protein out of a
total plasma protein content of about 250 g,
or about a 6% removal at one time.)

If 10 times the customary number of dona-

Figures on alternate biweekly plasmaphereses are omitted because of lack of space.

tions can be obtained from a single individual,
it should be possible to achieve large savings
in the collection of plasma since only one-
tenth the number of donor centers would be
required.

By plasmapheresis, single plasmas, as free
of bacteria and hepatitis virus as the usual
single donation of whole blood, can be pre-
served in non-porous bags, easily stacked and
non-breakable, which can be left at any de-
sired temperature for the inactivation of
serum hepatitis virus. This virus is probably
present in 0.5 to 1% of individual bleedings
from the general population, but with selected
donors for repeated plasmapheresis the inci-
dence of virus in single plasmas should be
considerably less than in whole blood. The
possibility of untoward reaction in the recip-
ient, to certain plasmas could be obviated by
testing the individual plasma before use.

The plasmapheresis technic makes feasible
the use of human donors in the preparation of
high titered specific antibodies for therapy.
The danger of foreign protein reaction is
practically eliminated. Furthermore, it has
been found that, unit for unit, the ratio of
effectiveness of human antibody is far super-
ior to horse antibody(8). As part of the cur-
rent project the persistence of viral and bac-
terial antibodies in hyperimmune and other
donors undergoing biweekly plasmapheresis
is being determined. A further use of this
method would be to obtain relatively large
amounts of plasma from individuals who have
rare antibodies for a short period of time, e.g.
mothers following delivery, who have certain
Rh or Hr antibodies which decrease in titer
fairly rapidly. :

Summary. Biweekly plasmapheresis on the
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same human donors over a period of 40 weeks
has been found to be feasible and safe. The
possibilities for obtaining large amounts of
concentrated human antibodies and for stock-
piling sterile human plasmas are discussed.
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Recent studies have shown that reproduc-
tive failure, i.e., fetal death and resorption,
can be prevented and pregnancy maintained
by daily injections of estrone and progester-
one in rats subjected to 4 different dietary de-
ficiencies, those of thiamine(1), pyridoxine
(2), protein(3,4) or potassium(35). The
daily dosage levels of the hormones were the
same as those found to be effective in main-
taining pregnancy in rats hypophysectomized
and oophorectomized after breeding(6). The
present communication reports the failure of
these hormones to prevent fetal death and re-
sorption in rats deficient in either pantothenic
acid(7) or pterovlglutamic acid(8,9).

Methods. The procedures for testing the
efficacy of the hormones were the same as
those used previously to maintain pregnancy
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and A-841. We are indebted to Dr. Daniel A.
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N. Y. for pteroylglutamic acid; to Dr. Elmer L.
Severinghaus of Hoffmann-LaRoche, Nutley, N. J.
for d-biotin, d-calcium pantothenate and di-alpha-
tocopherol; to Dr. Richard H. Barnes of Sharp and
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in other dietary deficiencies(1-5). The ex-
perimental conditions necessary for each vita-
min deficiency to result in fetal death and re-
sorption in approximately 90% of the animals
were determined, if not already known. The
synthetic hormones were dissolved in sesame
oil and given daily, either separately or in
combination, by subcutaneous injection from
the 3rd or 5th days of gestation period to the
day before autopsy. Levels of estrone vary-
ing from 0.5 to 2.0 ugt daily were given sepa-
rately and levels from 0.5 to 1.0 ug were given
in combination with 4 mg of progesterone.
Five to ten rats (Long-Evans strain) were
used for each experimental group. Vaginal
smears were examined daily for the presence
of erythrocytes, the sign of implantation. The
rats were autopsied near the end of the gesta-
tion period, from the 15th to the 21st day.
The basal (control) purified diet was com-
posed of 24% alcohol-extracted casein, 64%
sucrose, 8% hydrogenated vegetable oil
(Crisco or Primex), and 4% salts no. 4(10).
Crystalline vitamins per kilo of diet were:
300 pg d-biotin, 5 mg 2-methyl-1,4-naphtho-
quinone, 5 mg thiamine HCl, 5 mg pyridoxine
HCl, 5.5 mg pteroylglutamic acid, 10 mg
riboflavin, 10 mg p-aminobenzoic acid, 20 mg

t Maintenance of pregnancy has been shown to
vary with level of estrone given to protein-deficient
rats(3).



