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The need for blood substitutes adequate to com-
bat the fall in circulating volume in shock con-
tinues to stimulate search for high molecular
weight compounds which might serve as plasma
expanders. Globin, derived from human red
blood cells, has been suggested for this purpose
(1, 2). While considerable study with this sub-
stance is being pursued in various laboratories
(1-7), there have been few published reports deal-
ing with its use as a blood volume expander (1).

METHODS

The present investigation was approached along two
lines:

1) Study of the fate and distribution of globin.
Plasma and urine were analyzed at frequent intervals
following the intravenous administration of tracer doses of
1™ tagged globin accompanied by varying amounts of un-
iodinated globin. In vivo assay over the liver following
the administration of the tagged globin was also per-
formed in an attempt to localize the organ site of accumu-
lation and breakdown. The disappearance rates of I'*
tagged globin and albumin from intramuscular, subcu-
taneous, and intracutaneous sites of injection were deter-
mined for the purpose of comparing vascular permeability
to the two proteins.

2) Blood volume studies with P™ tagged erythrocytes
were performed during and after the intravenous adminis-
tration of infusions of 32 and 48 grams of globin.

Radioiodinated proteins

Modified human globin * was iodinated with a mixture of
I** and I'** at pH 8.0 according to the method of Pressman
and Eisen (9) and then dialyzed against frequently changed

1 Reviewed in the Veterans Administration and pub-
lished with the approval of the Chief Medical Director.
The statements and conclusions published by the authors
are the results of their own study and do not necessarily
reflect the opinion or policy of the Veterans Administration.

2 Modified human globin was generously supplied by
Sharp and Dohme, Incorporated, Glenolden, Pennsyl-
vania. The preparation and characteristics of this pro-
tein have been described (8).
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solutions of isotonic saline solution for approximately 72
hours. Assuming uniform distribution, the tagged pro-
tein contained 1 to 2 atoms of iodine per molecule of
globin, based on its molecular weight of 34,000. At the
time of use the activity ranged from 0.5 to 10.0 uc I** per
mgm. nitrogen. Iodinated globin was passed through
Seitz filters and sterility was confirmed by culture before
use. The administration of 25 mgm. of tagged protein
to 2 rabbits failed to elicit evidence of toxicity within 72
hours.

Studies with various proteins have shown that at the
level of iodination obtained, significant changes in the im-
munological properties of the protein do not occur (10).
No significant differences between the dialyzed iodinated
globin and the uniodinated globin used in this study were
observed in the ultracentrifuge® and the electrophoretic
pattern of a 1:1 mixture of globin and globin-iodine
showed a single peak identical to that of globin alone.
Ninety to ninety-seven per cent of the radioactivity was
present in the precipitate after treatment with trichlorace-
tic acid. After 3 hours of incubation of globin I with
whole blood at 38° C. there was no increase in the non-
precipitable activity nor was there any detectable radio-
activity in the centrifuged erythrocyte column above that
attributable to trapped plasma.

Albumin I"™ was prepared in the same manner or was
obtained from Abbott Laboratories and dialyzed until the
protein-free activity was less than 1 per cent of the total
activity. Electrophoretic and ultracentrifugal analyses
revealed no significant differences between this material
and native albumin.

Subjects of these studies were convalescent and am-
bulant patients of the Veterans Administration Hospital,
Bronx. None were acutely ill or in shock. All sub-
jects received 5 drops of Lugol’s solution 3 times per day
during the studies. Assay over the neck showed this to
be effective in inhibiting thyroid uptake of I**.

Assay of radioactivity in plasma and urine

Approximately 5 ml. of isotonic saline solution contain-
ing 50 to 100 uc I'*™ and 10 to 30 mgm. protein was in-
jected intravenously in the tracer studies. In vivo assay

over the site of injection ruled out any invisible extra-
vascular leak. Methods used in the assay of radioactivity

8 Thanks are due to Dr. Kurt G. Stern, Brooklyn Poly-
technic Institute for the ultracentrifuge analyses.
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of the administered doses, whole blood specimens, plasma
and erythrocyte fractions and urine were identical with
those previously described for KI*® (11) and albumin I'®
(12). The plasma and erythrocytes were separated after
centrifugation for 10 minutes at 1000 g. Erythrocyte as-
says were done for all the points of curve I. B. and all but
the last point of curve H. W. in Figure 1. The plasma
activities at these times were corrected by subtracting
from them 1.5 times the erythrocyte concentrations * after
deduction of 5 per cent trapped plasma (13). I*™ could
be assayed in the presence of P® without correction by
using a bismuth walled gamma counter and thick glass
Marinelli beakers. The total activity, trichloracetic acid-
precipitable activity and the activity in the filtrate were
determined in all urine specimens. Carrier globin or al-

4 This factor was based on the assumption that the
erythrocyte penetrable fraction was distributed uniformly
with regard to its concentration in plasma water and
erythrocyte water as is the case with iodide (14). If the
protein-free fraction were some molecule such as mono
or diiodotyrosine which entered the erythrocytes in lower
concentration, then this correction is actually not sufficient.

bumin was added to these specimens to facilitate precipita-
tion of the minute amounts of protein bound I'™ present.

Determination of globin concentrations

Globin nitrogen in serum was determined by the method
of Kendall and Abell as described by Sample, Strumia,
and Satta (15). The factor 7.5 X N was used in calcu-
lating the globin concentrations. Recovery experiments
revealed that 80 =3 per cent of the added globin could
be accounted for in serum. The globin concentrations
therefore were corrected by multiplying the observed
values by 1.25. Only an occasional cloudiness without
visual precipitate was noted on adding the reagents to
globin-free serum.

Assay of relative change in radioactivity of liver

In vivo counting over the liver was performed with a
bismuth walled Geiger counter enclosed in a 34” lead
housing containing an open window measuring 5" X 1"
and placed 434" above the right upper quadrant of the ab-
domen of recumbent subjects. The position of the counter
was kept unchanged during each period and a tapered lead
shield which extended from the housing craniad to the
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tube remained in contact with the skin. The scaler circuit
leading from the counter fed into a Streeter-Amet print-
ing register which automatically recorded the cumulative
counts at one minute intervals.

Tissue clearance

The rate of disappearance of globin I** and albumin I**
from intracutaneous, subcutaneous and intramuscular sites
of injection in the lower extremities was studied by tech-
niques similar to those previously described for Na* (16).
One-tenth ml. of solution containing 1-2 #c I and 100 to
1000 gamma of protein was injected in these studies.

Blood volume determinations

Initial total blood volumes, plasma volumes and red
cell volumes were estimated from the dilution of P®
tagged erythrocytes (17, 18). The P® activity was as-
sayed using a thin glass walled beta gamma counter.
Corrections were made for I* activity, when present, by
simultaneous assay of blood specimens in the gamma
counter. The maximum correction necessary in case
H. W. was less than 10 per cent and in case I. B. less than
134 per cent of the P* counting rates. A straight line de-
scribing the exponential biological decay curve of the tagged
cells was established during a suitable control period. The
changes produced by the infusion of globin and albumin
were evaluated from the deviation of subsequent points
from this line according to methods previously described
(18). Changes in plasma volume were also independently
calculated from the hematocrit and hemaglobin values
according to the formula:

PVa _ hgbe X (1 — hets)
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where PV, is initial plasma volume and PV, is any sub-
sequent plasma volume (19). Hematocrits were per-
formed in Wintrobe tubes spun for 30 minutes at 2000 g.
Hemoglobin determinations were performed according to
the method of Wong (20).

RESULTS

The rates of disappearance from plasma of in-
travenously injected tracer doses of globin I
were very rapid when compared with those of
albumin I*** (Figure 1). Thus at 12 minutes ap-
proximately two thirds of the globin activity had
already disappeared from the intravascular circu-
lation. By the following day only insignificant
concentrations of circulating activity were ob-
served.

At one hour (but not at 12-20 minutes) follow-
ing injection of tracer doses of globin I, the
red blood cells already contained activity well in
excess of that which could be accounted for on the
basis of trapped plasma. It should be appreciated
that if the plasma correction factor, derived from
the erythrocyte assays, were too small, the globin
1382 curves would be even lower and steeper than
shown since the ratios of erythrocyte activity/
plasma activity increased with time. In the stud-
ies with albumin I'®! significant activity in the
erythrocytes was not encountered at any time.
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The cumulative urinary excretions of 1'% ex-
pressed as per cent of the administered doses in
these experiments amounted to approximately 32
per cent in the first 6 hours and 50-80 per cent in
the first 21 hours (Figure 2) even though the col-
lections in 2 of the patients (H. W. and M. G.)
were known to be incomplete. Following the
albumin I'® injections, only protein-free activity

$

in the urine was detectable and did not exceed
10 per cent of the dose over the first 24 hours.
Following injection of the tracer doses of globin
I'#1, 3 per cent to 10 per cent of the I**! was pre-
cipitable by trichloracetic acid in the urine passed
up to four hours after injection. The urine passed
after four hours did not contain more than 2 per
cent precipitable I'*. Since the half time for nor-
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F16. 4. VENous PLasMA CoNCENTRATIONS OF UNTAGGED (INTERRUPTED LINE) AND TAGGED GLOBIN FoLLOWING
THE INTRAVENOUS ADMINISTRATION OF GLOBULIN-I™ AT DIFFERENT CARRIER LEVELS AND oF TAGGED ALBUMIN
AFTER A TrACER Dose oF ALumIN-I'® IN Susjectr H. W.

The 19 hour concentration of globin I'*® (0.52 X 10-5) was too low to be shown on the same scale.

If extra-

polated, the globin I* line would pass through that point. At the same time serum globin was not detectable

by chemical analysis.
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mal renal removal of I'*' as jodide is approx-
imately 9 hours (11) when the thyroid uptake is
blocked by iodine medication, the urinary excre-
tion curves in the globin cases indicate that the
I3 was very rapidly released from the protein.
This confirms the impression obtained from the
erythrocyte assays, that an appreciable fraction of
the circulating activity was in non-protein bound
form within an hour or two after injection.

The P3?*2 decay curve and the changes in hema-
tocrit, hemoglobin, and blood volume during and
following the intravenous infusion of 48 g. of
globin in 1260 cc. of 3% per cent dextrose solution
over a 2 hour period in subject H. W. are shown
in Figure 3. A control study with 1000 cc of §
per cent glucose in water performed in this patient
showed no changes in the blood volumes. The
maximum plasma volume increase during the
globin infusion was 8 per cent falling to 5 per cent
two hours after the infusion was completed. This
is to be compared with a plasma volume increase
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of 35 per cent accompanying the intravenous ad-
ministration of 50 g. of salt poor human serum
albumin in 200 cc of buffered diluent in this same
subject. The P*2 decay curve from which the
latter value was derived is published elsewhere
(18).

The venous plasma concentration versus time
relationship for globin I'*! administered during
the infusion of globin (after 16 g. had already been
given) is shown in Figure 4 together with simi-
lar curves for the tracer doses of globin I*** and
albumin I*** given without other protein. The
concentrations of chemically determined globin
during and after this infusion are also shown.
The higher initial values and lower decline in
concentration of globin I*** when administered
together with a large amount of carrier globin as
compared to the tracer doses alone are obvious.
It should be noted, however, that the extrapolated
globin I'®* concentration at zero time even in the
former case does not equal the early albumin con-
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Fi6. 5. VENous PLasMA CONCENTRATIONS oF TAGGED GLOBIN FoLLowING INTRAVENOUS IN-
JECTION OF GLOBIN-I™* wiTH DIFFERENT CARRIER LoaDS oF GLoBIN IN SusjJEct I. B.
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Since the rest period prior to the injection of the tagged cells was inadequate, there is an initial fall in P®
concentration, hematocrit and hemoglobin concentration due to temporary, continued hemodilution in the recumbent po-
sition. The reverse phenomenon (hemoconcentration) occurred during a brief period of unavoidable ambulation fol-

lowing discontinuance of the infusion.

centrations. This suggests that the globin is dis-
appearing through some capillaries at a very rapid
rate and that loss into these compartments is not
prevented by the loading with large amounts of
globin. Globin nitrogen could not even be de-
tected in the plasma 18 hours after the termination

of a 48 g. infusion. The close parallel between
the tagged and untagged globin curves validates
the usefulness of the former in these studies. It
may also be noted that significant amounts of I'$*
were not present in the erythrocytes during the
first 2% hours.

Plasma levels of circulating globin following globin infusion

Time Total Dose
From onset of From end of Globin Corrected circulating remaining
Subject infusion infusion infu: globin conc. globin in plasma
g. mgm. /ml. serum 8. %
H. W. 1 hr. 5 mins. 26 3.6 154 59.4
1 hr. 45 mins. 44.8 3.1 13.2 29.4
2 hrs. 30 mins. 40 min. 48 3.7 15.6 32.6
3 hrs. 15 mins. 1 hr. 25 mins. 48 3.6 15.2 317
20 hrs. 18 hrs. 10 mins. 48 0 0 0
1. B. 1 hr. 50 mins. 20 mins. 32 5.0 14.0 43.6
2 hrs. 40 mins. 50 mins 32 3.62 10.7 334
3 hrs. 30 mins. 2 hrs. 32 4.66 12.8 39.8
20 hrs. 18% hrs, 32 0 0 0
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Figures 5 and 6 illustrate the findings in simi-
lar experiments in subject I. B.  Since this pa-
tient weighed 103 pounds, only 32 g. of globin
in 840 ml. solution was administered. The tracer
dose without other globin (bottom curve Figure
5) was administered 13 days before the other two
doses. The middle curve describes the findings
when the tracer globin I**! was administered im-
mediately prior to the beginning of globin infu-
sion. The concentration of activity following the
globin I'®! injected at the end of the infusion 1s
shown in the upper curve. Since the I'*! ac-
tivity from the latter 2 doses of globin I'** could
not be distinguished, the upper curve was ob-
tained by subtracting the extrapolated activities
of the middle curve from the total activities. Here
again there is a marked difference among the
rates of disappearance of globin I*** at different
carrier levels. In this case also, globin was not
detectable by chemical analysis on the morning
following the infusion (18% hours after injec-

tion). Table I summarizes the plasma globin
data for H. W. and 1. B.

In the experiments in which large amounts of
carrier globin were administered together with
tracer globin I'® an appreciable fraction of the
early urinary losses of I'®! was precipitable with
trichloracetic acid (Figure 7), unlike the results
obtained with the tracer doses alone. In the lat-
ter experiments the globin I'** was removed from
the plasma with such rapidity that within an hour
or two there was virtually no circulating globin
I'81 to filter through the glomeruli. However,
when large doses of globin were administered
concurrently with the tagged protein the plasma
levels remained elevated for a longer period of
time thus permitting larger amounts of unde-
stroyed globin I'*! to be excreted as such in the
urine. The possibility that a renal threshold
phenomenon could alone explain the findings is
unlikely in view of the presence of some protein
bound activity in the early urine specimens even

TIME HOURS

Fi6. 7. CUMULATIVE URINARY EXCRETION OF PROTEIN-FREE AND PROTEIN-BoUND I FOLLOWING THE
INTRAVENOUS ADMINISTRATION OF TRACER Doses oF GLOBIN-I® ToGETHER WITH LARGE Loaps oF UN-

TAGGED GLOBIN
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The first segment shows the changes when tracer globin-I'"* alone was administered. The counting rates fol-

lowing the administration of globin-I"* at the beginning and at the end of a 32 g. globin infusion are shown in the

2nd and 3rd segments respectively.

following the tracer doses which contained 30
mgm or less of protein.

Following administration of tracer globin I'®!
alone the radioactivity over the liver increased
during the first 15 minutes and then gradually de-
creased (Figure 8). This pattern was confirmed
by identical observations in another subject not
included in this report and is suggestive of locali-
zation of globin in the liver followed by release of
the non protein bound I#2. After the first 1 hour
the inflow and outgo become nearly equal and the
succeeding slower decrease in activity over the
liver may be attributed to gradual losses from the
body. The more modest rise in activity when the
globin infusion immediately followed the injection
of the tracer globin I'®! may be attributed to a
slowing down of hepatic accumulation due to the
additional load. The absence of any significant
decline in activity for an hour following the third
tracer dose which was given immediately at the
end of a 32 gram globin infusion is a more em-

phatic demonstration of this “loading phenome-
non.” The differences in the plasma concentra-
tion curves following these 3 tracer doses may be
taken as compatible with this view. Similar in
vivo studies over the liver following albumin I
injections showed no detectable change in count-
ing rate over the first hour.

Figure 9 describes the disappearance of globin
1181 and albumin I'*! from muscle, skin and sub-
cutaneous tissue. In most other globin I'*! ex-
periments and in some albumin I'**! studies two
component curves were observed. In all cases
(11 globin and 17 albumin experiments), the rate
of disappearance of globin I*** was of the order of
6 to 12 times that of albumin I***. These experi-
ments confirm the results of the plasma studies
which sugested a more rapid loss of globin than
albumin through capillaries in compartments other
than the liver.

- There were no untoward reactions following the
globin administration.
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DISCUSSION

A detailed consideration of the mechanism of
globin I'®! breakdown and of the release of the
1'% js beyond the scope of this report. It may
be suggested in brief, however, that release of
mono-and diiodotyrosine occurs following proteo-
lysis in the liver and that the subsequent metabo-
lism of the amino acids with conversion of the 1%
to iodide takes place with great rapidity as demon-
strated by Albert and Keating (21).

The studies presented here suggest that globin
is rapidly removed from plasma by the liver and
by passage through capillaries throughout the
body. While the relatively rapid clearance of
globin I'** from injection sites in the skin, sub-
cutaneous tissue and muscle of the lower ex-
tremities might be attributed to lymphatic drain-

age the process is nevertheless very much slower
with albumin I***, These data suggest a marked
difference in permeability of small vessels to the
two proteins. The low initial globin I'®* plasma
concentrations (at 12 minutes), even following
large doses of globin, offer further evidence on
this point.

The retardation of the disappearance of globin
I8t from plasma by large doses of globin and the
differences observed in the in vivo hepatic count-
ing rates at different dosage levels demonstrate the
effect of loading on the ability of the liver to con-
centrate and break down the globin. However,
even with relatively large doses of globin (32 to
48 g.) the processes of removal and destruction
were completed within a matter of hours. Under

- these conditions early urine specimens contained
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significant fractions of trichloracetic acid precipi-
table I'8*, The absence of such protein bound
fractions after a few hours is further evidence of
rapid disappearance of globin from the plasma.

The changes in plasma volume produced by the
globin infusions were slight and in no way com-
parable to the increases which are observed regu-
larly following albumin administration. In the
2 cases studied these changes could not be con-
sidered great enough to justify the use of globin
in these amounts as a “plasma expander.” The
extremely rapid breakdown of the globin may in-
dicate its usefulness as a ready source of amino
acid nitrogen, but, if so, its superiority over pro-
tein hydrolysates has yet to be demonstrated.

SUMMARY

1. Radioiodinated modified human globin ac-
companied by varying amounts of carrier un-
iodinated globin was administered intravenously
to human subjects. The rate of disappearance
from plasma was inversely related to the quantity
of globin administered. However even at the
highest loads (32 to 48 g. given in 2 hours) ap-
proximately one half to two thirds of the globin
had left the plasma at the conclusion of the infu-
sion.

2. When large amounts of globin were infused,
a small percentage (approximately 10 per cent)
was excreted as such in the urine, but the major
portion was rapidly metabolized. Suggestive evi-
dence for the liver as the site of metabolic degra-
dation is presented.

3. From a comparative study of the rates of
disappearance from sites of injection into skin,
subcutaneous tissues and muscle it may be in-
ferred that the capillary wall is much more per-
meable to globin than to albumin. Plasma studies
confirm this.

4. The changes in circulating plasma volume
produced by intravenous globin administration
were slight and transient when compared to the
effect of similar doses of human serum albumin.
The studies reported here have failed to establish
the clinical usefulness of globin as a plasma

expander.
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