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Human plasma has not gained general accept-
ance as a therapeutic agent because of the risk of
hepatitis following its use. A number of physical
and chemical treatments have been tried to mini-
mize this risk but the incidence remains about 0.5
per cent for single donor plasma and upwards of
20 per cent for some lots of pooled plasma (1, 2).
Ultraviolet irradiation, which at one time seemed
quite promising, proved incapable of inactivating
the hepatitis virus at radiation doses which allowed
preservation of the integrity of the plasma proteins.
Another physical agent, heat, has demonstrated the
ability to reduce markedly, if not completely elimi-
nate, the hepatitis risk in human albumin (3).
In this situation an albumin solution containing a
stabilizer is heated for 10 hours at 60° C. This
treatment does not modify the protein to an ex-
tent which makes it unsuitable for infusion. After
more than a decade of wide use, a substantiated
case of hepatitis caused by injection of heated hu-
man albumin has yet to be reported.

Just as the usefulness and safety of albumin are
well recognized, so also are the problems of its
high cost, complexity of production, and relatively
small yield as compared to plasma. Because of
these factors a number of individual investigators
and industrial concerns set out to develop a plasma
expander which would be as useful therapeutically
as albumin, but which would be less expensive and
have no greater risk of transmitting hepatitis.
Added impetus was given to this program by the
need of the Office of Defense Mobilization and the
Department of Defense for a safe plasma expander
to be manufactured from their outdating stockpile
of plasma.

On the basis of the work of Gellis and associates
(3) and of Murray (1) on the heating of albumin,
most of the investigators involved decided that a
major effort should be devoted to developing a
plasma derivative which could be heated without
adversely affecting the constituent proteins. Mur-
ray and co-workers had shown previously (4)

that the heating of whole plasma for 4 hours at
60° C produced gross changes in the proteins and
did not eliminate hepatitis infectivity., It was
hoped, however, that the evidence for heat inacti-
vation of virus in albumin could be extrapolated
to plasma. The main problem was to develop a
procedure which would stabilize the proteins, al-
lowing the plasma derivative to be heated for at
least 10 hours at 60° C without significant al-
teration.

The problem was approached in two somewhat
different ways. Some of the workers hoped to
solve the dilemma by the use of whole plasma to
which had been added a chemical stabilizer in or-
der to minimize protein denaturation. Other
workers used modifications of the recognized
plasma fractionation procedures, intending thereby
to eliminate those fractions of plasma which
seemed most susceptible to heat denaturation.
They hoped that the partially fractionated final
product would turn out to be as heat stable and
safe as albumin, but less expensive than that prepa-
ration.

With the cooperation of the National Research
Council, this laboratory had the opportunity of do-
ing simultaneous analyses on these various plasma
preparations in an attempt to detect and perhaps
evaluate some of the physical and chemical changes
which were taking place as a result of the treat-
ments. This report will present comparative data
on eight such preparations. When unheated con-
trols were available, they were similarly studied.
All materials were also compared with normal
unheated citrated plasma.

MATERIALS AND METHODS

As mentioned previously, the preparations were of two
general types: heated whole plasma, and heated, par-
tially fractionated plasma protein solutions. Three of the
preparations, designated [1], [2] and [3], were in the
first group and five, designated [A], [B], [C], [D] and
[E], were in the second. The methods of production will
be described briefly and are summarized in Table I.
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Preparation |1] was made by hecating for 10 hours at
60° C plasma which had been irradiated with ultraviolet
light according to the requirements of the National In-
stitutes of Health (5) and in which standard acid-citrate-
dextrose (6) had been used as an anticoagulant. In pre-
paring [2], serum was filtered, heated at 55° C for 10
hours, refiltered, and then lyophilized. Preparation [3]
consisted of plasma in 4 per cent citrate as an anticoagu-
lant to which had been added 5 per cent invert sugar.
This solution was irradiated with ultraviolet light, fil-
tered, and then heated at 60° C for 10 hours. It is note-
worthy that in two of these three preparations a sugar
was used in an attempt to achieve some stabilization of
the proteins. In the other, no stabilizer was used, all
precipitated protein being removed after heating.

[A] was prepared by the method of Hink, Hidalgo,
Seeberg and Johnson (7). This consisted essentially of
fractionating plasma by method 6 of Cohn and co-workers
(8) with precipitation of fractions I, IT + III, and IV-1.
The supernatant IV-1 was precipitated with cold ethanol
and the precipitate dried. The precipitate was dissolved
in a solution of water, 0.112 M sodium chloride, 0.004
M sodium acetyltryptophanate, and 0.004 M sodium
caprylate (9), and heated for 2 hours at 60° C, filtered
into final containers and then heated at 60° C for 10
hours.

Preparation [B] was made by the method of Mulford,
Mealey and Welton (10), in which, following a method
6 fractionation through the precipitation of fraction 114
II1, the supernatant IT + IIT was filtered, dried, recon-
stituted to 5 per cent in a solution containing 0.008 M
sodium acetyltryptophanate and heated at 60° C for 10
hours. Preparation [C] represents a modification of
this same method in which fractions IV and V are alcohol
precipitated from supernatant II -4 III with 40 per cent
ethanol at pH 4.8, dried, redissolved in a solution con-
taining 0.008 M sodium acetyltryptophanate and heated
at 60° C for 10 hours.

For the preparation of [D], plasma was first precipi-
tated with 45 per cent saturated ammonium sulfate. The
supernatant was treated with a mixture of fatty acids,
filtered, and then precipitated with 70 per cent saturated
ammonium sulfate. The precipitate was redissolved in
saline, 0.04 M sodium caprylate added, and the solution
heated at 60° C for 10 hours (11). The method of
Surgenor and co-workers (12) was used for preparing
[E]. This utilized a zinc precipitation technique to re-
move fibrinogen, v-globulin, and some B-lipoproteins.
Zinc was removed from the supernatant by an ion ex-
change resin, following which the solution was heated at
60° C for 10 hours in the presence of sodium caprylate.
This material is frequently called “stable plasma protein
solution.”

Our purpose in carrying out this study was to provide
a preliminary evaluation of these products that would
help in determining which ones, if any, would merit more
detailed, intensive investigation. With this in mind, the
following procedures were included in this preliminary
screening : gross examination, testing for sterility and
pyrogen according to the requirements of the National

RICHARD T. SUCHINSKY

Institutes of Health (13), protein concentration by micro-
Kjeldahl, nonprotein nitrogen, sodium, potassium, thermal
stability, electrophoresis, and ultracentrifugation.

Thermal stability was evaluated by the method de-
scribed in Reference 13, using an Aminco light-scattering
microphotometer. Incubation conditions of 50° C for 12
days, 57° C for 50 hours, and —20° C for 24 hours for
separate samples were utilized. Electrophoresis was per-
formed by the moving boundary method in an Aminco-
Stern apparatus, using barbital buffer at pH 8.6 and 0.1
ionic strength. Mobilities were determined in the usual
manner, and relative proportions by the method of com-
pletion of the curves and planimetry. Ultracentrifugation
was performed on a Spinco model E ultracentrifuge us-
ing the sedimentation velocity technique on the protein
solution dialyzed against phosphate buffered saline at pH
7.2, 0.154 ionic strength. Sedimentation coefficients and
relative proportions were both computed. Sodium and
potassium determinations were made by flame photometry
on a Baird flame photometer.

RESULTS AND DISCUSSION

The requirements of a plasma expander to be
held in a stockpile would seem to be threefold:
1) the material must be safe for infusion in large
amounts and at frequent intervals; 2) it must be
able to withstand storage and shipment under a
considerable range of temperature without under-
going significant changes in the constituents; and
3) it must provide the therapeutic effect desired,
namely, blood volume expansion. The investiga-
tion described herein is an attempt to provide a
preliminary indication of the ability of these prep-
arations to fulfill the first two demands. The
third is best evaluated by actual clinical trial and
thus merits investigation only after the safety and
stability of the material are proved.

The sterility tests failed to demonstrate bacterial
contamination in any of the preparations. In none
of the preparations was the pyrogen reaction
greater than that usually considered acceptable.

Simple inspection revealed interesting informa-
tion on several preparations. A tabulation of the
gross appearance of the various materials is shown
in Table I. In preparation [3] a progressively in-
creasing reddish-brown color was noted. A much
less marked darkening was also noted in prepara-
tion [1].

The contrast between preparations [B] and [C]|
is also pertinent. When received, [B] was found
to have a white sediment at the bottom of the con-
tainer. No such sediment was present in prepara-
tion [C]. Information received from the manu-
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TABLE 1

Methods of preparation and gross appearance

Whole plasma products

Fractionated plasma products

[1] Acid-citrate-dextrose plasma, ultraviolet
treatment, heat 10 hours at 60° C
Heated—yellow, slightly opalescent solution
Unheated—yellow, slightly opalescent
solution

[2] Serum, heat 10 hours at 55° C, filter
Heated—yellow, clear solution
Unheated—none available

[3] 49 Citrate plasma, 5% invert sugar, ultra-
violet treatment, heat 10 hours at 60° C
Heated—yellow, clear solution, becoming
progressively redder during storage
Unheated—none available

[A] Supernatant IV-1, precipitate with ethanol,
redissolve precipitate in solution containing
stabilizer, heat 2 hours at 60° C, filter, heat
10 hours at 60° C

Heated—pale yellow, clear solution
Unheated—pale yellow, clear solution

[B] Supernatant II + III, add stabilizer, heat 10
hours at 60° C
Heated—yellow, slightly opalescent solution
with white sediment
Unheated—none available

[C] Fractions IV + V, add stabilizer, heat 10 hours
at 60° C
Heated—yellow, clear solution
Unheated—none available

[D] Supernatant of 459% (NH,),SO, saturation
treated with mixed fatty acids, filtered, pre-
cipitate with 709, saturated (NH,).SO,, re-
disso(l:ve and add stabilizer, heat 10 hours at
60°

Heated—amber, clear solution
Unheated plasma—slightly cloudy, yellow
brown solution

[E] Zinc precipitation, removal of zinc from super-
natant, add stabilizer, heat 10 hours at 60° C
Heated—clear, yellow solution which became
gx;ogressively more cloudy during storage at

Unheated—none available

facturer indicated that both preparations were
clear and without sediment before shipping. To
check this, another sample of [B], known to be
without sediment just before shipment, was sent
to us and found to have a significant amount of
white sediment on receipt. It was evident that
rather slight changes in the method of preparation
could be responsible for a significant difference in
the ability of a preparation to undergo shipment
without alteration. The difference between [B]
and [C] is further emphasized by examination of
the ultracentrifugal patterns of the two prepara-
tions (Table V and Figure 4). Rapidly sedi-
menting components are present in both [B] and
[C]. The rapid component in [C], however,
has a sedimentation coefficient significantly ‘lower
than the comparable one in [B], and represents
less of the total protein present. Subsequent pic-
tures in each of the runs seem to indicate that the
fast moving component consists of a great number
of smaller components, each with a slightly dif-
ferent sedimentation coefficient.

The protein, nonprotein nitrogen, sodium, and
potassium values are listed in Table II. All of the
preparations, except [D], had protein concentra-
tions approximately equal to, or exceeding that of
plasma. Preparation [D], which had a concen-
tration slightly lower than the others, could easily
be prepared in a manner that would raise its
concentration to a level comparable to that of the
others.

TABLE II
Results of protein, nonprotein nitrogen, pH, Na* and K *
determinations
Product Protein NPN pH Na+ K+
8/100 ml  mg/100 ml mEq/L. mEgq/L
[1] Heated 5.11 20 7.82 192 0.2
[1] Unheated 5.02 26 8.08 192 0.3
[2] Heated 6.92 17 8.05 135 5.1
[2] Unheated 7.00 18 7.96 134 7.0
[3] Heated 5.28 17 7.61 186 4.0
[A} Heated 4.72 20 7.02 134 1.4
EA Unheated 4.87 20 693 134 1.4
B] Heated 4.89 41 6.64 2354 18.9
[C] Heated 4.57 21 7.90 235+ Trace
[D] Heated 3.60 12 6.41 143 Trace
[D] Unheated 6.87 42 7.44 130 6.7
plasma
[E] Heated 5.25 52 7.78 234 Trace
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TABLE IIT
Thermal stability estimated nephelometrically *

50° C 57°C —20°C
Initial  After 12 days  Change Initial After 50 hrs Change Initial After 24 hrs  Change
[1] Heated 192 314 122 191 341 150 272 Too turbid ?
to read
1] Unheated 144 276 132 136 285 149 116 169 53
2] Heated 137 384 247 115 Soft gel ? 197 Too turbid ?
toread

[2} Unheated 85 345 260 82  Soft gel ?

[3] Heated 84 100 16 77 124 47 81 163 82
A7 Heated 22 25 3 20 21 1 23 53 20
B] Heated 130 108 -22 141 103 —38 172 172 0
C] Heated 106 100 -6 92 107 15 125 179 54
D] Heated 6 10 4 6 8 2 9 13 4
E] Heated 145  Too turbid ? 134 Too turbid ? Cloudy after Striking ?

to read to read 2 wks in re- increase
frigerator at in
3°C (too turbidity
turbid to
read)

* Units are arbitrary ‘‘nephelometric units” (13).

Preparations [B] and [E] had nonprotein ni- and [E] between lack of thermal stability, or lack
trogen values which were appreciably higher than of stability on shipment, and higher nonprotein ni-
those found in any of the other materials. There trogen values. It is of interest that although [B]
seems to be some correlation in samples [B], [C], and [C] had the same amounts of sodium acetyl-

TABLE IV
Moving boundary electrophoresis

Compo- Relative Compo- Relative
Material nent Mobility* proportion Material nent Mobility* proportion

R
N

[1] Heated a —6.7 49.3 [A] Heated a —6.8 86.6
b —4.6 46.5 b —-35.2 11.3
[ —-3.3 0.9 c -3.5 2.0
d —-1.6 3.3 [A] Unheated a —6.5 85.2
[1] Unheated a —6.6 62.5 b —44 5.3
b —35.6 8.8 c —34 9.2
c —4.3 12.0
d —32 6.3 [B] Heated a —6.4 85.2
e —-1.3 10.4 b —4.8 13.6
c —3.2 1.2
[2] Heated a —6.4 50.0
b —5.4 2.9 [C] Heated a 68 81.4
c —4.0 26.6 b —5.2 17.2
d -3.2 10.4 [ -3.2 1.3
e —1.2 10.2
[2] Unheated a —6.2 58.1 [D] Heated a —6.1 88.5
b —-5.3 4.7 b —4.8 6.8
c -39 12.0 c —-3.0 4.7
d 28 13.0 [D] Unheated a 5.7 60.7
e —1.3 12.3 plasma b —4.1 9.0
c —34 8.7
[3] Heated —6.4 493 d —24 8.4
b —4.6 47.9 e —-1.7 3.1
c -1.7 2.8 f —0.6 10.1
[E] Heated a —6.3 79.0
b —4.5 18.2
c —-3.0 2.8

* Mobility is shown in cm?/volt/sec X 1075,
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ELECTROPHORETIC PATTERNS OF WHOLE PLASMA SAMPLES.

Direction of mi-
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tryptophanate added, preparation [C] had a non-
protein nitrogen value only half that of [B].
Preparation [E] had no added nitrogen-containing
stabilizer. The significance, if any, of this finding
is not clear, but may be an indication of the break-
ing off of small peptide groups as a result of heat-
ing and/or storage of plasma proteins under cer-
tain conditions.
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o
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The high sodium concentrations in preparations
[1], [3], [B] and [E], and the high potassium
concentration in [B] give some cause for concern
because these values are above both physiological
levels and those found in normal citrated plasma.
On this basis one would be hesitant about adminis-
tering them in conditions characterized by sodium
retention or renal insufficiency.
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F16. 2. ELECTROPHORETIC PATTERNS OF FRACTIONATED SAMPLES.

Direction of migra-

tion is from right to left,



1958

TABLE V
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Ultracentrifugal analyses

Compo- Relative Compo- Relative
Material nent $%20,w proportion Material nent $°20,w proportion
% %
[1] Heated I 21.0 12 [A] Heated I 14.0 4
Il 6.6 6 11 3.9 96
I 4.4 82
[A] Unheated I 3.9 100
[1] Unheated 1 17.5 7
11 6.5 15 [B] Heated 1 21.0 8
111 4.3 78 I 4.0 92
[2] Heated I 17.6 3 [C] Heated I 17.0 6
Il 6.8 19 11 3.9 94
111 4.1 78
[D] Heated I 24.0 2
[3] Heated I 23.0 13 11 3.8 98
IT 6.7 11
11 13 76 [D] Unheated I 16.5 4
plasma 11 6.2 19
111 4.0 77
[E] Heated I 20.0 6
1L 4.0 94
Table I1I indicates the relative changes in tur- bility at the various temperatures. Also note-

bidity after exposure to temperatures of 50° C for
12 days, 57° C for 50 hours and — 20° C for 24
hours. All of the heated whole plasma prepara-
tions demonstrated generally poor thermal sta-

[1] Heated

{1] Unheated

Fic. 3. ULTRACENTRIFUGAL PATTERNS OF WHOLE PLASMA SAMPLES.

worthy is the poor stability in the cold of prepara-
tion [E], a situation which could be inferred from
the gross observation. Of the fractionated ma-
terials, this preparation seemed the least stable

[2] Heated

[3] Heated

Times of pic-

tures after attainment of full speed are as follows: [1] heated, 231 and 5,031 seconds;
[1] unheated, 853 and 3,973 seconds; [2] heated (at 44,770 rpm), 1,326 and 9,006

seconds; [3] heated, 272 and 4,112 seconds.
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at all temperatures. The decrease in the nephelo-
metric reading of [B] after heating is possibly due
to enlarging of small aggregates with subsequent
sedimentation.

The low temperature instability of the whole
plasma preparations is consistent with, and prob-
ably a result of lipoprotein denaturation at low
temperatures as described by Oncley, Gurd and
Melin (14). The low temperature instability
noted in [E] is not as readily understandable, but
may also be a reflection of the presence of signifi-
cant amounts of lipoprotein.

The results of the electrophoretic analyses are
given in Table IV, the patterns in Figures 1 and 2.

[A] Heated

[A] Unheated

[D] Heated (upper)
Unheated plasma (lower)

Fic. 4. ULTRACENTRIFUGAL PATTERNS OF FRACTIONATED SAMPLES.
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These demonstrate marked changes in the heated
whole plasmas containing sugar, i.e,, [1] and [3].
These changes consist primarily of decreases in
proteins moving with mobilities of albumin and
B- and y-globulins, and marked increases in pro-
teins having mobilities comparable to those of a,-
globulins. This is consistent with the findings of
Miyamoto, Sakagishi and Sano (15), Ardry (16),
and Bozzetti and Prina (17). On electrophoretic
examination, preparation [2] seemed relatively
less changed than either of the other similar prepa-
rations, although there was an increase in the
component with the mobility of a,-globulin. The
fractionated preparation on which an unheated

{B] Heated

[€] Beated

[E] Heated

Times of pictures

after attainment of full speed are as follows: [A] heated, 434 and 4,561 seconds; [A]
unheated, 366 and 6,121 seconds; [B] heated, 233 and 5,993 seconds; [C] heated, 169
and 6,167 seconds; [D] heated, 221 and 3,912 seconds; [D] unheated plasma, 221 and
3,912 seconds; [E] heated, 201 and 5,961 seconds.
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control was available, |A], demonstrated changes
of a much less striking nature in its electrophoretic
pattern,

These findings on electrophoresis together with
the color changes previously noted may be indica-
tive, among other things, of a type of protein deg-
radation characterized by an initial reaction be-
tween the protein and reducing sugars. This type
of “browning reaction” occurring in systems con-
taining amine groups and reducing sugars is
treated exhaustively by Hodge (18). This reac-
tion may be of great significance in influencing the
stability of protein solutions. Suggestive evi-
dence is indicated in the electrophoretic patterns
of Figure 1, in which the changes in preparation
[2], a material with no added reducing sugar,
are significantly less marked than those in prepara-
tions [1] and [3], both of which have added re-
ducing sugars. The lower temperature of heat-
ing of preparation [2] may also be significant in
lessening the changes detected by electrophoresis.
A number of unpublished observations in our
laboratory, however, tend to support the idea that
the addition of reducing sugars to certain protein
systems may potentiate protein denaturation.
This problem is currently under investigation by
our group in an attempt to determine its signifi-
cance.

The results of the ultracentrifugal analyses are
indicated in Table V and in Figures 3 and 4.
Preparations [1], [3], [B] and [E] revealed
measurable amounts of very rapidly sedimenting
material. All of the other preparations exhibited
a relatively rapid sedimenting component having
an s°s .y greater than 10 and less than 18. It is
noteworthy that in preparation [A] no rapidly
sedimenting component is present in the unheated
control. It would be unusual for significant
amounts of relatively high molecular weight sub-
stance to remain in a preparation after any of the
fractionation procedures previously described.
One is probably justified, therefore, in assuming
that the appearance of significant amounts of
rapidly sedimenting component in the fractionated
preparations is a result of the formation of high
molecular weight species during heating. The
presence of relatively large amounts of rapidly
sedimenting component in the whole plasma prepa-
rations may similarly be attributed to heating or
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storage, since these components are not usually
seen in more than trace amounts in either serum
or plasma which has not been concentrated prior
to centrifugation.

CONCLUSIONS

The purpose of this study was to attempt to obtain
a preliminary indication of the possible potential
clinical usefulness of the various heated plasma
preparations. It was-hoped that on the basis of
a few selected physical and chemical tests, some
assumptions could be made regarding the safety
of the products. Certainly, the final judgment re-
garding safety can depend only on appropriate in-
tensive immunological, toxicological, and clinical
studies. However, an attempt was made to de-
termine which preparations seemed most promis-
ing and would merit the intensive studies necessary
to establish whether they were safe and potent
enough for routine clinical use.

On the basis of these tests, we felt that a cer-
tain number of conclusions could be drawn which
would allow the preparations to be graded as to
their relative promise. Certain products could be
put into the doubtful category because of their
inability to withstand shipment and/or tempera-
ture extremes without giving indications of pro-
tein change. These would include at least prepa-
rations [B] and [E], and most likely preparations
[1], [2] and [3]. Some products were in doubt
because of findings in the electrophoretic and/or
ultracentrifugal analyses which seemed to indicate
major changes in the proteins. We were pri-
marily concerned with the appearance of the rap-
idly sedimenting component which was present in
relatively large amounts in certain of these prod-
ucts. Because of the experience with dextran,
which seemed to indicate an adverse effect of very
high molecular weight colloidal substances on the
clotting system (19), and because of the possibility
of reticuloendothelial blockade by high molecular
weight abnormal proteins with an adverse effect
on the reaction of this system to the shock situa-
tion (20, 21), we believed caution was necessary
in any in vivo preparations testing of [1], [2],
[3], [B] and [E], the same preparations put in
doubt by the stability studies.

Three of the preparations, [A], [C] and [D],
all fractionated materials, seemed the most prom-
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ising on the basis of these preliminary physical
and chemical determinations. These three prepa-
rations demonstrated relatively good stability
characteristics, showed less marked changes on
electrophoresis and ultracentrifugation than the
others, and contained a high proportion of al-
bumin (greater than 80 per cent) which brought
them close in character to a material which has
already proved clinically safe and effective, normal
serum albumin (human).

The clinical significance of the changes noted
in any of the preparations is unknown at this time.

SUMMARY

Eight heated plasma preparations were com-
pared by a number of physical and chemical tech-
niques. These tests demonstrated better stability
characteristics and resistance to molecular change
in those preparations which had undergone a
partial fractionation procedure prior to heating.
Three preparations produced by different frac-
tionation methods were deemed to be the most
promising as possible plasma expanders for hu-
man use and meriting further study both in vive
and in vitro. These were, respectively, a precipi-
tate from supernate IV-1 of Cohn’s fractionation
method 6, fractions IV + V from Cohn’s method
6, and a preparation from the supernate of plasma
45 per cent saturated with-ammonium sulfate.
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