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In a previous publication we reported a method
for the preparation of a heat stable human plasma
protein solution (1). The method was a modifi-
cation of that of Cohn, Strong, Hughes, Mulford,
Ashworth, Melin, and Taylor (2) and used
ethanol-water mixtures at low temperatures for
the separation of the heat labile crude fibrinogen
fraction (Fraction I) and gamma globulin frac-
tion (Fraction II + III) from normal human
plasma. The supernatant fluid following the re-
moval of the crude gammaglobulin fraction was
dried from the frozen state and reconstituted to
plasma volume with distilled water. Heating of
this material for 10 hours at 600 C. changed the
optical density at 550 mF and the electrophoretic
distribution very little. Electrophoretically, the
heated material was 80 per cent albumin, 16 per
cent alpha globulin and 4 per cent beta globulin.
Heating of the solution for 10 hours at 600 C.
caused the formation of a small amount of a very
fast moving component in the ultracentrifuge. The
remainder representing approximately 90 per cent
of the starting protein concentration was homoge-
neous and had an uncorrected sedimentation con-
stant of approximately 4.0 x 1018.
. The present communication concerns the heat
stability of human plasma protein solutions re-
maining following the precipitation of the Frac-
tion II + III proteins from normal human plasma
by different ethanol concentrations and tempera-
tures.

METHODSANDRESULTS

Plasma used in this study was furnished by the Ameri-
can Red Cross through its Regional Blood Centers at
Omaha, Nebraska and Springfield, Missouri. The plasma
was pooled at the Blood Center in two-liter bottles and

1This investigation was supported in part by research
grant (H1229) from the National Heart Institute of the
National Institutes of Health, Public Health Service, in
part by a grant from the Department of the Army and in
part by the University of Kansas.

ten liters were shipped to us each week. No attempt was
made to keep the plasma cold while en route; At the
laboratory the plasma was stored at 180 C. until the
fractionation procedure was started.

The procedure for separation of the Fraction I and
Fraction II + III proteins from human plasma was ex-
actly the same as that described previously (1). Only
the ethanol concentration and temperature for separation
of the Fraction HI+ III proteins were changed. At
least 8 liters of plasma were used in each preparation by
each method. Table I shows the ethanol concentrations
and temperatures that were used to separate the Frac-
tion II + III proteins from the supernatant fluid of
Fraction L In all methods except Method S as shown
in Table I the crude fibrinogen fraction, Fraction I,
was separated from plasma at 8 per cent ethanol, pH
7.2 ± 0.2, ionic strength 0.14 and temperature 00 C. 4

0.5S C. The supernatant fluid obtained after removal of
Fraction II + III by each method was dried from the
frozen state. The dry powder was the material used in
this investigation.

In all methods except Method S the pH and ionic
strength for the separation of Fraction II + III were near
6.8- 0.05 and 0.12, respectively. In Method S the pH
and ionic strength were 6.9 ± 0.05 and 0.133, respectively.

The electrophoretic distribution of the plasma pro-
tein preparations

The electrophoretic distribution of the plasma
protein preparations obtained by Methods A, B,
C, F, and S is shown in Table II.

The protein distribution of the plasma protein
mixture was determined using the Klett Electro-
phoresis apparatus. The dry powder obtained by
each method was dissolved to protein concentra-
tions of 1 to 2 per cent in veronal citrate buffer
of 0.1 ionic strength and pH 8.6 and dialyzed
against this buffer.

Table II shows that the plasma protein mixtures
prepared by Methods A, B, and C were approxi-
mately the same electrophoretically. All con-
tained approximately 80 per cent albumin, 13 to 14
per cent alpha globulin, 5.6 per cent beta globulin,
no gammaglobulin and no fibrinogen. Methods
F and S preparations showed more alpha and beta
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TABLE I

Ethanol concentratins and temperatures used for the
separation of the Fraction II+III proteins

95 per cent Final
ethanol ethanol

Method added concentration Temperature

ml./liter* per cent * C.
A 234 25 -5 4 0.5
B 234 25 0 0.5
C 160 20 -5 0.5
F 160 20 0 i 0.5
S t 11 0:4:0.5

* Ml. per liter of the supernatant fluid following separa-
tion of Fraction I.

t 131 ml. of 95 per cent ethanol were added directly to
each liter of plasma. Fraction I was not removed before.
hand.

globulin and contained gamma globulin. Occa-
sionally fibrinogen was present also. The in-
crease in globulin and fibrinogen concentrations
resulted in a relative decrease in the electrophoretic
concentration of albumin, as albumin was soluble
for the most part under the conditions used in all
methods studied.

The effect of heating for 10 hours at 600 C. on the
electrophoretic patterns of the plasma protein
solutions

The supernatant fluid following the separation
of Fraction II + III by each method was clarified
by filtration through Hormann D-8 pads, dried
from the frozen state and reconstituted to plasma
volume with distilled water. Plasma protein solu-
tions containing either added 0.008 M sodium
acetyl-DL-tryptophanate (AT) or 0.008 Msodium
caprylate (Cap) were prepared also. Both sta-
bilized as well as non-stabilized solutions were pre-
pared such that the pH was 6.8 + 0.2.

Each solution was sterilized by filtration through
Hormann D-3, D-8, and D-10 filter pads placed

into sterile Colemain Jr. Spectrophotometer tubes
and capped with sterile rubber stoppers. Some of
the tubes were heated for 10 hours at 600 C.
while others not heated were used as control
tubes. Following heating a few tubes of the heated
solution were dried from the frozen state, recon-

stituted to protein concentrations of 1 to 2 per

cent in veronal citrate buffer of 0.1 ionic strength
and pH 8.6, dialyzed, and examined in the electro-
phoresis apparatus. Optical density measure-

ments were made on the remaining tubes. The
effect of 10 hours heating at 600 C. on the elec-
trophoretic patterns is shown in Figure 1. The
top row (U) represents the unheated control
solutions, the bottom row (H) the solutions heated
for 10 hours at 600 C.

Figure 1 shows that heating the solutions for
10 hours at 600 C. resulted in the formation of a

new electrophoretic component having a mobility
close to that of a2-globulin. The size of this com-

ponent was dependent upon the concentration of
ethanol and the temperature used in preparation of
the plasma protein mixture. Method A solutions
had the smallest amount of the new component
(Figure 1 AH) while Method S solutions had the
largest amount (Figure 1 SH).

Except for the large new component the electro-
phoretic distribution of the proteins in solutions
A, B, C, and F following heating for 10 hours
at 600 C. was approximately the same as that of
the unheated samples shown in Table II. There
were slight reductions in albumin and beta globu-
lin. Those components affected most by heating
were the alpha globulins. Electrophoretically the
protein distribution in the Method A solutions folb
lowing heating for 10 hours at 600 C. was al-
bumin 81.0 per cent, alpha globulin 14.0 and beta
globulin 4.2. In both the B and the C solutions

TABLE II

The electrophoretic distribution of the plasma protein preparations obtained by Methods A, B, C, F, and S

Method and Approximate Average electrophoretic distribution
number of protein yield

preparations per 100 ml. plasma Albumin a-globulin p-globulin 7-globulin
grams per cen per cent per cen per cent

A 3 3.4 81.6 12.8 5.6 0
B 4 3.5 79.6 14.6 5.5 *
C 3 3.9 80.2 14.5 5.3 0
F 3 4.3 73.6 18.8 5.4 2.2
S 2 4.9 65.7 20.1 4.4 8.8t

* One preparation was 1.3 per cent in y-globulin.
t One preparation was 2.8 per cent in fibrinogen.
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FIG. 1. THE ELECTROPHORETicDIAGRAMSOF THE PLASMAPROTEIN SOLUTIONS

The upper row (U) represents the unheated solutions, the lower row (H) the solutions heated for 10 hours at

600 C. Each solution was made to 1 or 2 per cent in protein in veronal citrate buffer of 0.1 ionic strength and pH

8.6. The pictures above were taken between 120 to 150 minutes after starting the run.

albumin was 70 to 80 per cent, alpha globulin 14
to 24 and beta globulin 3.4. In the F solutions
albumin was on the average 71.4 per cent, alpha
globulin 23.9 and beta globulin 3.5.

The greatest effect on the electrophoretic dis-
tribution following heating for 10 hours at 600 C.
was shown by the Method S solutions. The aver-

age protein distribution of the S material before
heating (Table II) was albumin approximately
65.7 per cent, alpha globulin 20.1, beta globulin
4.4 and gammaglobulin 8.4. One preparation was

2.8 per cent in fibrinogen. Following heating of
the S solutions albumin was only 32.7 per cent in
one solution and 53.3 per cent in the other. Alpha
globulin was 40 per cent in one and 63.2 in the
other. Beta globulin was approximately 2.2 per

cent and gamma globulin 2.9 per cent in both
solutions.

The addition of either 0.008 M sodium acetyl-
DL-tryptophanate or 0.008 Msodium caprylate had
little effect on the electrophoretic patterns of any of
the solutions heated for 10 hours at 600 C. In
many solutions there was an indication that acetyl-
DL-tryptophanate did reduce the amount of the
new component due to heating the solutions for
10 hours at 600 C. Both acetyl-DL-tryptophanate
and caprylate have been demonstrated to be ef-

fective stabilizers of normal human albumin
(3, 4).

The effect of heating for 10 hours at 60° C. on
the optical density of the plasma protein solu-
tions

Optical density readings of both the heated and
control tubes were made at 550 m,u in the Cole-
man Jr. Spectrophotometer. The optical density

TABLE III

The effect of heating the plasma protein solutions for 10 hours
at 600 C. at pH 6.8 on the optical density at 550 m,u

Average optical density Average
Method at 550 mA optical

and density
number Heated change

of prepa- Un- 10 hrs. due to
rations Stabilizer heated at 600 C. heating

A 3 None 0.192 0.200 0.008
3 AT 0.200 0.206 0.006
3 Cap 0.186 0.184 -0.002

B 4 None 0.177 0.195 0.018
4 AT 0.168 0.185 0.017
4 Cap 0.169 0.177 0.008

C 3 None 0.241 0.259 0.018
3 AT 0.263 0.285 0.022
3 Cap 0.216 0.254 0.038

F 3 None 0.234 0.276 0.042
3 AT 0.249 0.293 0.044
3 Cap 0.204 0.280 0.076

S 2 None 0.365 0.473 0.108
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values shown in Table III are average values for
the number of preparations made by each method.
For each preparation between 15 and 30 Coleman
Jr. tubes of unheated solution and between 40 and
60 tubes of heated solution were read at 550 m,u
in the Coleman Jr. Spectrophotometer. Table III
shows the effect of heating the plasma protein
solutions for 10 hours at 600 C. on the optical
density at 550 m,u.

The optical density changes due to heating at
600 C. for 10 hours indicate that the plasma pro-
tein solutions of Methods A, B, and C were ap-
proximately the same. Table III shows that fol-
lowing heating at 600 C. for 10 hours solution A
increased in optical density froml 0.192 to 0.200,
solution B from 0.177 to 0.195 and solution C from
0.241 to 0.259. Solutions prepared by Method F
showed an optical density change due to 10 hours
heating at 600 C. of 0.042. On gross examination
following heating the F and S solutions were
noticeably more hazy than the A, B, and C solu-
tions.

The difference in initial optical density readings
(Table III) may be explained partially by the
protein concentrations (Table II). Since each
solution was made to plasma volume, the A, B, C,
F, and S solutions were approximately 3.4, 3.5,
3.9, 4.3, and 4.9 per cent in protein, respectively,
as measured by the biuret method (5). Whether
the change in optical density due to heating the
solutions for 10 hours at 600 C. can be explained
by difference in protein concentration has not been
demonstrated conclusively. When 5, 6, and 7 per
cent protein solutions were prepared from Method
A material, the optical density changes following
heating were only 0.01, 0.03, and 0.035 respec-
tively. Method S solutions changed from an ini-
tial optical density of 0.365 to 0.473 or 0.108 on
heating for 10 hours at 600 C.

The addition of either 0.008 M sodium acetyl-
DL-tryptophanate (AT) or 0.008 M sodium
caprylate (Cap) as stabilizers had little effect on
the optical density change of solutions heated for
10 hours at 600 C (Table III). The optical den-
sity changes of solutions containing these sub-
stances were about the same as those containing
no added stabilizer. Preliminary evidence (6)
indicates that both tryptophanate and caprylate
were effective in solutions heated for at least 75
hours at 600 C. Solutions containing no added

stabilizer and heated at 600 for 75 hours or more
showed a greater change in optical density than
did the same solutions containing either added
tryptophanate or caprylate.

The effect of heating for 10 hours at 600 C. on the
ultracentrifugal sedimentation diagrams of the
plasmta protein solutions

Heated and unheated samples of plasma pro-
tein solutions prepared by Methods A, B, C, F,
and S were studied in the Spinco Ultracentrifuge
Model E. Each solution was diluted with 0.15 M
NaCl such that the protein concentration was ap-
proximately 1.0 per cent. For each solution the
heated and unheated samples were run at the same
time using both cells of the rotor. Each solution
was run at full speed of 59,700 RPMfor 90 to 100
minutes and pictures were taken usually at 2, 5,
10, 20, 30, 40, 50, 60, 80, and 90 minutes after full
speed of the rotor had been attained. As the rotor
approached full speed pictures were taken also
at 45,000 RPM and 57,000 RPM. Figure 2
shows the ultracentrifuge diagrams of the plasma
protein solutions prepared by Methods A, B, C, F,
and S. Column 1 represents pictures taken at the
time the rotor had reached full speed, column 2
those taken 20 to 40 minutes after full speed and
column 3 those taken 80 to 90 minutes after full
speed. The upper diagram in each picture repre-
sents the solution heated for 10 hours at 600 C.
and the lower diagram the unheated control solu-
tion.

A very fast moving heterogeneous component
appeared in all solutions heated for 10 hours at
600 C. as the rotor neared full speed (arrow,
upper diagrams, Al, Bi, Cl, Fl, and S1). Very
little was seen in the unheated solutions. The
size of the component increased as the ethanol
concentration and temperature used in preparation
were decreased and increased, respectively
(Method A to Method S).

Figure 2 shows that each of the unheated solu-
tions had a small amount of fairly homogeneous
material which appeared in the diagrams after the
very fast moving component of the heated solu-
tions had disappeared (arrow, lower diagrams,
A2, B2, C2, F2, and S2). None of this com-
ponent appeared in diagrams of heated solutions.
It is suggested that during 10 hours' heating at
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FIG. 2. THE ULTRACENTRIFUGALSEDIMENTATION DIA-
GRAMSOF THE PLASMAPROTEIN SOLUTIONS

The upper diagram in each picture represents the
heated solution, the lower the unheated solution. Pic-
tures in column 1 were taken at the time the rotor reached
full speed of 59,700 RPM, those in column 2, 20 to 30
minutes after full speed, and those in column 3, 80 to 90
minutes after full speed.

600 C. this component became part of the very

fast moving material.
Later in the ultracentrifuge run another com-

ponent appeared in both the heated and unheated
samples of the F and S solutions (arrows, upper

and lower diagrams, F3 and S3). This compo-

nent was hardly discernible in the diagrams of the
solutions prepared by Methods A, B, and C (ar-
rows, A3, B3, and C3). In the heated samples of
F and S solutions this component was smaller
than it was in the unheated samples. This differ-
ence suggests that during 10 hours' heating at 600

...C. a portion of this component became part of
the very fast moving material.

The effect of 10 hours' heating at 600 C. on the

main component of the plasma protein solution
is shown in Figure 2. The greatest effect was in
the S solutions (upper diagram, S3). The main
component in the S solutions following 10 hours
heating at 600 C. was markedly less than that of
the unheated S solutions. The main components
of the A, B, C, and F solutions were less following
heating for 10 hours at 600 C. than they were in
the unheated solutions. A rough calculation of
the total areas of all components in both the heated
and unheated solutions indicates that the size of
the very fast heterogeneous component in heated

solutions accounted for the decrease in area of
each of the other components.

The extent to which the main component (Fig-
ure 2, A3, B3, C3, F3, and S3) was reduced when

the solutions were heated for 10 hours at 600 C.
is shown in Table IV. The area of the main

peak of each of the heated and unheated samples
was determined from the ultracentrifuge pictures
taken at 60, 80, and 90 minutes after the rotor had
reached full speed of 59,700 RPM. The three

|Sareas of the main peaks of the heated solutions
were averaged as were the three areas of the un-

heated solutions. The ratio of the average area

of the main component in the heated soltution to

TABLE IV

The effect of heating the plasma protein solutions for 10 hours
at 60° C. on the main component of the

ultracentrifuge diagrams

Ratio of area of main component
(heated) to area of main
component (unheated)

Prepara- Prepara- Prepara-
Method Stabilizer tion 1 tion 2 tion 3

A None 0.917 0.937 0.931
AT 0.927 0.903 0.915
Cap 0.911 0.972 0.915

B None 0.778 0.909 0.901
AT 0.943 1.000 1.005
Cap 0.950 0.995 0.970

C None 0.736 0.915 0.933
AT 1.004 0.887 0.936
Cap 0.881 0.964 0.751

F None 0.678 0.965 0.907
AT 0.938 0.893
Cap 0.763 0.880 0.988

S None 0.409 0.627
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that in the unheated solution for each of several
preparations made by Methods A, B, C, F, and S,
is shown in Table IV.

The addition of either 0.008 M sodium acetyl-
DL-tryptophanate (AT) or 0.008 M\ sodium
caprylate (Cap) had no effect on the tiltracentri-
fuge diagrams of the solutions heated for 10 hours
at 600 C. Table IV shows that the ratios of the
areas of the main components of the heated versus
the unheated solutions were essentially the same
whether stabilizer was present or not.

DISCUSSION

Murray and Diefenbach (7) studied the effect
of heating human plasma inifected with the virus
of serum hepatitis at 600 C. for various periods of
time. They fotund that when plasma was heated
at 600 C. for four hours or more there was an
increase in turbidity and formation of a precipitate.
van der Scheer, Wyckoff, and Clarke (8) found
that when horse serum was warmed to about 650
C. it went through steps of opalescence and cloudi-
ness with an increase in viscosity and plasticity.
Electrophoretic examination showed that a new
component was formiied Nhen the horse serum was
heated for 15 miinutes at 650 C. to 700 C. They
designated this component as the C-component.
Mobility was fairly constant in different prepara-
tions at approximately that of beta globulin.
Evidence was presented that the C-component was
formed at the expense of the albumin and the
globulins. Wehave found that if all of the Frac-
tion II + III proteins as well as the Fraction I
proteins were not precipitated completely from
plasma, the supernatant fluid following drying and
reconstitution to plasma volume became cloudy
and showed a new component in the electrophore-
sis apparatus following 10 hours' heating at 600 C.
The electrophoretic component was quite similar
to that seen by van der Scheer, Wyckoff, and
Clarke (8). It had a mobility equal to that of a2-
globulin and was formed at the expense of both
the albumins and globulins.

The amount of the component depended upon
the conditions for precipitation of the Fraction
II + III proteins. An ethanol concentration of
25 per cent at - 50 C. (Method A) resulted in
maximum precipitation of the Fraction II + III
proteins and least of the new component in the

electrophoresis. The conditions in Method F
(20 per cent ethanol and 00 C.) and Method S
(11 per cent ethanol and 0°C.) gave less precipi-
tation and a greater amount of the new electropho-
retic component following 10 hours' heating at
600 C.

The plasma protein solutions prepared by-
Method A showed less optical density change and
less of the very fast moving component in the ul-
tracentrifuge following 10 hours' heating at 60°
C. The solutions prepared by Methods F and S
showed greater optical density changes and much
more of the very fast moving component in the ul-
tracentrifuge following heating. Both the F and S
solutions were hazy after heating while the A, B,
and C solutions were clear. The latter three re-
mained clear after at least 50 hours' heating at
60° C.

Studies concerning the effect of storage at vari-
ous temperatures on the optical density of the
plasma protein solutions following heating for
10 hours at 600 C. are in progress. The optical
density of both the stabilized and non-stabilized
solutions changed very little after several months
at 40 C., room temperature, and 370 C. Solutions
prepared by Methods A, B, and C showed very
little change in optical density after two to three
weeks at 50° C., while those prepared by Method
F increased 0.04 after one week at 500 C. Method
S soluitions increased approximately 0.04 in op-
tical (lensity in 24 hours at 500 C.

SUMMARY

1. Different ethanol concentrations and tem-
peratures were used to remove the Fraction II +
III proteins from human plasma in preparation of
human plasma protein solutions.

2. When the ethanol concentrations were less
than 25 per cent and the temperatures were
higher than - 50 C., the plasma protein solutions
following 10 hours' heating at 60° C. showed a new

component in the electrophoresis patterns, an in-
creased amount of a very fast moving component
in the ultracentrifuge and a change in optical
density.

3. When an ethanol concentration of 25 per
cent and a temperature of - 50 C. was used, the
resulting plasma protein solution following 10
hours' heating at 60° C. showed none of the new
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component in the electrophoresis patterns, much
less of the very fast moving component in the
ultracentrifuge and much less change in optical
density.

4. The stabilizers, acetyl-DL-tryptophanate and
caprylate, had little stabilizing effect on the solu-
tions heated at 600 C. for 10 hours.
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