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The production of plasma and its fractions from
whole blood has led to investigations of the use-
fulness of the red cell residues. Globin, the pro-
tein moiety of hemoglobin, can be obtained in
quantity from the red blood cells remaining after
the plasma has been removed. Modification® (1)
of this protein renders it suitable for intravenous
use. Previous studies suggest that this material
may have osmotic properties useful in treating
shock and may be a source of protein for parenteral
administration (2-7). The present investigation
was designed to elucidate further the usefulness
of modified human globin with particular regard
to its nutritive value and clinical tolerance in man.

MATERTALS AND METHODS

Clinical tolerance to intravenous infusions of modified
human globin was observed in 20 convalescent patients,
and the nutritive value of this protein was investigated
by nitrogen balance studies in six male subjects. Four
of these six subjects, M. M. age 50, J. R. age 35, F. O’D.
age 60, and W. O. age 43, were essentially normal except
for a moderate degree of undernutrition; one, J. B. age
43, had minimal cirrhosis of the liver proven by biopsy;
and one, J. G. age 28, was a normal medical student. None
of the patients, except J. B., had evidence of liver or
renal disease. They were maintained on the Thorndike
metabolic ward and offered diets providing constant
intakes of protein and calories. Dietary nitrogen and
calorie intakes were calculated from standard food tables
(8, 9). Macro-Kjeldahl analysis of three separate lots of
modified human globin yielded an average value for
nitrogen content of 15.7 per cent. In these studies the
conventional factor 6.25 was used to convert globin pro-
tein to nitrogen. The nitrogen content of the isoleucine

1 The expenses of this study were defrayed in part by a
grant from Sharp & Dohme, Inc., West Point, Pennsyl-
vania to Harvard University.

2 Welch Fellow in Internal Medicine of the National
Research Council.

8 “Modified human globin” was furnished for this study
by Dr. William Boger, Sharp & Dohme, Inc., Glenolden,
Pennsylvania.

used was calculated from the analytical data provided by
the manufacturer. Analyses of the diets for nitrogen con-
tent were not done. In the case of the diets which were
essentially devoid of protein, the errors introduced by the
use of calculated values rather than analyzed values for
nitrogen intake would be minimal. In the case of those
subjects given diets containing moderate amounts of pro-
tein the nitrogen intake error might be greater, but since
the subjects studied were maintained on constant diets
before, during, and after globin administration this in-
take error would be constant and would not invalidate
the observations concerned with the metabolism of globin.
This intake error would however, detract from the pre-
cision of those studies designed to compare the nutritive
adequacy of globin with that of dietary protein.

The patients were weighed daily under constant con-
ditions. The 24-hour urine volumes were collected in
10 cc. of a 5:1 mixture of glacial acetic acid and toluol as
preservative. Daily urinary nitrogen determinations were
done by standard micro-Kjeldahl analysis. Urinary
protein nitrogen was considered as the difference between
total nitrogen and non-protein nitrogen after the removal
of urine protein by precipitation with Folin-Wu reagent.
Pooled stools, obtained during each control and experi-
mental study period, were preserved with benzoic acid
and refrigeration. The stool nitrogen content was de-
termined by the macro-Kjeldahl technique.

The preparation of the modified human globin used
in these investigations followed the method developed by
Strumia and Sample (1) with suitable modifications
instituted by the manufacturer (10). In the following
studies globin was prepared for use as a 4 per cent
solution in distilled water. This aqueous solution of
globin produced hemolysis in vitro, so that now glucose
or saline diluent is preferred.

Serum globin concentration was determined by the
method of Kendall and Abell as described by Sample,
Strumia, and Satta (11) and plasma and urine alpha
amino nitrogen by that of Hamilton and Van Slyke (12).

RESULTS
1. Nutritive adequacy. Observations were
made on the nutritive adequacy and the metabolism
of modified human globin administered to six
adult men.
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The nutritive adequacy of a protein is dependent
in part upon its content of essential amino acids.
Isoleucine is the essential amino acid present in
globin in smallest concentration (Table I). The
initial metabolic studies were designed to de-

TABLE I

Analysis of modified human globin for content of
“‘essential’’ amino acids

“Minimum
Analysis daily
of requirement’’

globin* (13)

Gm./100 Gm. Gm.

Methionine 1.0 1.10

Tryptophan 1.5 0.25

Isoleucine 0.3 0.70

Leucine 12.9 1.10

Valine 9.2 0.80
Histidine 5.6 t
Arginine 2.9 t

Threonine 3.5 0.50

Phenylalanine 5.7 1.10

Lysine 8.5 0.80

* The amino acids indicated, excepting tryptophan, were
determined by microbiologic assay (14) of lot number 38-2
of modified human globin following acid hydrolysis. Tryp-
tophan was determined microbiologically following alkaline
hydrolysis of the globin. The manufacturer’s analysis of
other lots of globin indicate an isoleucine content of 0.6
per cent and Albanese reported human hemoglobin to
contain 0.5 per cent of this amino acid (15).

t Not required for maintenance of nitrogen equilibrium
in adult man (13).

termine whether or not the low concentration of
this amino acid limited the ability of globin to
maintain nitrogen balance in adult man. Patient
M. M. (Figure 1) was maintained on a constant
diet providing 3,200 calories daily. This diet was
essentially devoid of protein, and contained only
0.3 Gm. of nitrogen per day by macro-Kjeldahl
analysis.* In addition to the basal diet, the pa-
tient received a multiple vitamin capsule daily.®
During the first four days of study this patient
ingested as a sole source of protein an amount of
globin furnishing 9.6 Gm. of nitrogen daily. In
addition, he received 1 Gm. dl-isoleucine ® orally
three times daily. During these four days nitrogen
balance and body weight were maintained. On the
fifth day isoleucine administration was stopped,
but the globin was continued for the next seven

4 This diet maintained nitrogen balance and body weight
in a normal male when casein was provided as the sole
source of dietary protein.

5 “Dayamin,” furnished by Abbott Laboratories, North
Chicago, Illinois, and containing per capsule: thiamine
hydrochloride 5 mg., riboflavin 5 mg., ascorbic acid 100
mg., nicotinamide 25 mg., pantothenic acid 5 mg., py-
ridoxine 1.5 mg., vitamin A 10,000 U.S.P. units, and
vitamin D 1,000 U.S.P. units. )

6 Provided by Merck and Company, Rahway, New
Jersey.
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days. Were isoleucine a limiting amino acid, an
immediate negative nitrogen balance with increase
in the output of urinary nitrogen would be ex-
pected. This did not occur. In fact, the nitrogen
balance and body weight during the period in
which globin was administered alone by mouth
was comparable to the previous period in which
isoleucine was given in addition to globin. During
the ensuing nine days of study the patient was
given food protein containing nitrogen approxi-
mately equivalent to that in the previously ad-
ministered globin. There was essentially no
change in nitrogen balance. A second normal in-
dividual (J. G., Figure 2) studied in a similar
manner yielded comparable results.

A third patient (J. B., Figure 3) was provided
with a similar protein-free basal diet and given glo-
bin equivalent to 7.1 Gm. of nitrogen intravenously
daily as the sole source of protein for five days. Ni-
trogen balance and body weight were maintained.
The trend toward less positive nitrogen bal-
ance during the last two days of this period of
study was due to an increase in the urinary ex-
cretion of protein. Earlier in his study, J. B. was
given globin intravenously in addition to a 50 Gm.
protein diet. During the period of globin ad-
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ministration nitrogen balance was more positive
than during the initial control period, indicating
retention of globin nitrogen.

F. O’'D. (Figure 4) illustrates another metabolic
study in which globin was administered intra-
venously as a supplement to a diet. During the
initial six day control period, the patient was
maintained on a constant diet providing 35 Gm. of
protein and 3,000 calories daily. Globin providing
4.8 Gm. of nitrogen was added intravenously daily
during the next six days. This regimen was fol-
lowed by a second six-day control period. During
the period of intravenous globin administration, a
more positive nitrogen balance was obtained than
during either the fore- or after-control period.
Urine nitrogen excretion increased significantly
during globin administration, but was largely at-
tributable to protein (presumably globin) in the
urine. In the control period following intra-
venous globin administration there was an increased
output of urinary non-protein nitrogen and a slight
negative nitrogen balance suggesting metabolism
of the previously administered protein. During
the last nine-day period of study this patient was
given a quantity of dietary protein equivalent in
terms of nitrogen content to the globin previously

ATIENT JG. PROTEIN FREE DIET
PATI E + e NORMAL
3300 CALORIES GLOBIN P.O.
DAILY ISOLEUCINE DIET
P.O
BODY 857 e— e
WEIGHT ] " X
koM, 80 \ )
5 [} [}
NITROGEN N
BALANCE o
G6M./DAY "'5

N INTAKE o
GLOBIN
DIET PROT.[ 5
ISOLEUC. .o

N OUTPUT
sTooL m
URINE B ! i
'qlARRHEA' |
DAYS 3 6 : 9 12

F16. 2. Mobiriep HUMAN GLOBIN ADMINISTERED ORALLY AS A SOLE SOURCE
OF PROTEIN WITH AND WITHOUT ISOLEUCINE



902

G. J. GABUZDA, JR.,, G. B. PHILLIPS, AND C. S. DAVIDSON

GLOBIN w'.s i

N OUTPUT
sToOL

PROTEIN

PATIENT JB. D“:T FREE

2800 CALORIES| pIET eLoBIN | DIET DIET DIET

DAILY LV. GLOBIN
LV.
70
BODY : l | i
WEIGHT 65 i R ARERERERER MR e
KGM. 60 : : : :

" i ] T )
NITROGEN { : :
BALANCE 3

GM./DAY o
v v 4

N INTAKE '® . ) ' \

DIET PROTEDO/ ]

Fi16. 3. MobrFiep HuMAN GLOBIN

ADMINISTERED INTRAVENOUSLY AS A

SUPPLEMENT T0 A DIET AND THEN AS A SoLE SOURCE OF PROTEIN

administered intravenously. Positive nitrogen
balance again resulted, and was comparable in
magnitude to the balance obtained during the

period of globin infusions. A similar study was
done in another patient, J. R., (Figure 5). The
results of this study were comparable to those ob-
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served in F. O’D., intravenously administered
globin again comparing favorably with an ap-
proximately equivalent amount of dietary protein.

The metabolic data of another subject, W. O.,
maintained on a constant diet providing 50 Gm. of
dietary protein and 2,800 calories per day are
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TABLE II
Proteinuria following intravenous infusions of globin

Average
infusion Urinary
Globin time rotein Per cent
Patient Gm./day Days Hours (gn./day excreted
{”R 32 6 3 8.0 25.0
32 6 21 7.2 22.5
F.O'D 32 6 .2 7.2 22.5
J. B. 48 5 2 11.3 23.5
J.B. 32 6 13 9.2 288

presented in Figure 6. Following a control period,
4.6 Gm. of nitrogen as globin were given intra-
venously for six days in addition to the basal diet.
During this period of globin infusions several
grams of nitrogen were retained. The urinary
nitrogen excretion increased but the non-protein
nitrogen excreted in the urine did not change sig-
nificantly indicating that this increase was due to
the excretion of protein. Following a post-
infusion control period, the patient was given
intravenously a solution of amino acids 7 contain-
ing ample quantities of the essential amino acids.
This solution furnished an equivalent amount of
nitrogen, and was given in the same volume of
fluid and at the same rate of infusion as the
previously administered globin. Positive nitro-
gen balance again occurred during a four-day
period of observation, but was less than that ob-
served during globin administration. This less
positive nitrogen balance could not be attributed
to aminoaciduria, since only a small proportion
of the infused amino acids were lost in the urine.
The increased urinary excretion of nitrogen
noted in the patients during intravenous globin
administration was due to proteinuria primarily.
Table II indicates the extent of this loss in the
patients studied, to whom 32 to 48 Gm. of globin
were given intravenously daily for five to six days
with average infusion times ranging from one and
one half to three hours. The daily loss of protein
in the urine ranged from 7.2 to 11.3 Gm. Thus,
- 22.5 to 28.8 per cent or approximately one-fourth
of the infused globin was lost in the urine as
protein. The proteinuria had no relation to the
time required for the infusion. The magnitude of
proteinuria following globin infusions noted in the
present study is similar to that reported by Water-

7 “Solution of Amino Acids” furnished by Merck and
Company, Rahway, New Jersey.
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TABLE III
Proteinuria (Gm. £¢f day) following I.V. human
g and albumin
Days of infusion Days after infusion
Patient Patient J.R. C.J.
J. R. C.J.
32 Gm. 50 Gm.
g}o‘l;in albumin
Days d;ailir déil'y
1 5.6 0.0 2.5 6.3
2 5.6 0.0 0.0 7.7
3 12.5 0.0 0.0 5.0
4 8.1 0.0 0.0 3.5
5 5.6 0.0 0.0 1.7
6 10.6 1.0 0.0 0.5
7 1.0 0.0 0.3
8 2.2 0.0 0.0
9 5.0 0.0 0.0
16 8.0

house, Fenninger, and Keutmann (5), but greater
than that observed by others (7, 16).

Table III contrasts modified human globin and
concentrated human serum albumin with respect
to the proteinuria which occurs following their
intravenous administration. Patient J. R. re-
ceived 32 Gm. of globin daily for six days. On
the first day and on each successive day of globin
administration, significant quantities of protein
appeared in the urine; but proteinuria was not
present during the days immediately following
cessation of globin infusions. Patient C. J. re-
ceived 50 Gm. of albumin intravenously daily for
16 days. Proteinuria did not occur until the sixth
day of infusion and then only gradually increased.
After discontinuation of albumin therapy, the pro-
teinuria cleared gradually during the next six days.
This disparity in excretion rates may be related
to the difference in molecular size of the two pro-
tein preparations since the molecular weight of
albumin is approximately twice that of the modi-
fied human globin preparation used.

Modified human globin was not detected in the
serum 24 hours following single or multiple in-
fusions. Moreover, in one study electrophoretic
analysis ® of the serum obtained 24 hours follow-
ing the administration of 192 Gm. of globin in six
days did not show the characteristic boundary of

8 The analysis was done by Dr. Peter Bernfeld, Tufts
College Medical School, using veronal buffer pH 8.60,
jonic strength u 0.1, electrical field 88 V./cm. The
photographs were taken after 4,800 seconds. The mobility
of the globin was 4.28 X 10®* cm.? volt™ seconds™.
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globin. The rapid disappearance of infused globin
from the blood has been noted by others (7, 16).
In contrast to this, following the daily administra-
tion of concentrated human serum albumin the
level of albumin in the blood progressively rises
and after cessation of administration there follows
a slow and progressive decrease (17). The com-
plete removal of globin from the blood even when
given on consecutive days probably indicates that,
apart from the fraction excreted in the urine, it is
metabolized or stored in the body. The rise in
plasma and urine alpha amino nitrogen which
occurred following the infusion of globin (Figure
7) offers further evidence that the globin is
metabolized. These increases are of such mag-
nitude that they cannot be accounted for by the free
alpha amino nitrogen content of the globin itself.
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11. Clinical toleramce. Fifty-two infusions of
freshly mixed 4 per cent globin in water were
administered to twenty individuals in quantities
ranging from 16 to 32 grams per infusion and at
rates varying from 0.14 to 0.96 gram per kilogram
per hour. Four subjects received 32 grams intra-
venously daily for six consecutive days.

There were no serious untoward reactions, al-
though the incidence of annoying reactions was
high (Table IV). The most frequent of these
was flushing which occurred with most of the lots
of globin used. The intensity of the erythema was
proportional to the speed of the infusion and could
be increased or decreased by respectively altering
the infusion rate. The second most common un-
desirable effect was pruritis which appeared in
many of the patients displaying the flush. Mild
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TABLE 1V

Clinical tolerance to modified human globin
52 infusions* to 20 subjects

No. No. Per cent Per cent
Reactions reactions  subjects  infusions  subjects
Flush:
Marked 8 12 67 60
Moderate 18
Mild
Total 35
Itching 21 9 40 45
Chills and fever 6 6 12 30
Nausea 1 1 2 5
Anorexia 0
Vomiting 0
Local reaction 0

Blood pressure, pulse, respiration: No consistent or sig-
nificant changes.
* Each infusion furnished 16 or 32 Gm. of globin.

pyrogenic reactions also occurred, but were limited
to four of the twelve lots of globin used. Local
reactions did not occur. Blood pressure, pulse,
and respiratory rates taken before and after 20
infusions in 14 subjects showed no noteworthy
changes. Despite eleven infusions of a total of
432 Gm. of globin administered over the course of
17 days to one subject (J. B.) with minimal cir-
rhosis of the liver by biopsy, the bromsulphalein
retention test and the serum bilirubin level re-
mained normal.

Complete urinalyses were done immediately be-
fore and after globin infusions in 11 of these
patients. No abnormalities developed in tests for
albumin (heat and acetic acid), for reducing sub-
stances (Benedict’s reagent), or in microscopic
examination of the sediments. All of the post-
infusion urines, however, produced a heavy pre-
cipitate with Esbach’s reagent (a solution of picric
and citric acids). A solution of 4 per cent globin,
similarly tested, likewise gave a heavy precipitate
with Esbach’s reagent but no precipitate with heat
and acetic acid, suggesting that the proteinuria ac-
companying the globin infusions resulted from the
renal excretion of the infused material. These two
tests for urinary protein offered a simple means of
distinguishing “globinuria” from the usual pro-
teinuria, as the latter is precipitated by heat and
acetic acid as well as by Esbach’s reagent.

To investigate the possibility of in vivo hemoly-
sis with 4 per cent globin, urine guaiac tests were
made on the eleven pre- and post-infusion urines.
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All pre-infusion specimens were guaiac negative,
while eight of the eleven post-infusion specimens
gave a positive reaction. But since the 4 per cent
aqueous solution of globin itself was found to give
a markedly positive guaiac (and benzidine) test,
the guaiac positivity of the post-infusion urines
was due presumably to the urinary excretion of
the infused material. “Red urine” was not ob-
served in any of the patients who received globin
intravenously.

To determine whether or not globin interferes
with the typing and cross-matching of blood, two
patients were infused with 32 grams of globin
in one hour. Blood samples drawn immediately
after the infusion showed no rouleaux formation,
and typing and cross-matching were accomplished
without difficulty.

COMMENT

Solutions of protein for parenteral feeding
should be free from untoward reactions, and the
protein should be of good quality and readily avail-
able to the body cells. The availability of globin
is indicated by its ability to maintain nitrogen
balance when given as a sole source of nitrogen
orally, by its approximate equivalence nutritionally
to comparable quantities of nitrogen as protein by
mouth or amino acids intravenously, and by the
failure to find globin in the blood 24 hours after
prolonged daily parenteral administration. Fin-
ally, the rapid appearance of aminoacidemia and
aminoaciduria following globin infusions suggest a
rapid breakdown of the globin. Human serum
albumin given intravenously has a 50 per cent
disappearance time of about five to ten days (17,
18). In contrast, the half-life of globin is probably
several hours as indicated in the present study and
studies utilizing I**! tagged globin (16). Un-
toward reactions following globin infusions, al-
though frequent in occurrence, were never severe
nor harmful in the studies reported here. Their
incidence has been reported to have decreased with
lots of globin manufactured more recently than
those used in this study (6). The urinary excre-
tion of large quantities of protein following the
intravenous administration of globin gives rise to
a consideration of possible renal damage. The
suggestion that some of the urinary protein is not
globin but serum protein (6) supports this thesis,
as do occasional reports of hematuria. Further
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and more detailed studies of renal function must
be done to exclude renal damage as a complication
of globin administration. Post-infusion urine ex-
aminations were not abnormal in the present study
and Brandt, Caccese, and Ginsberg (19) found
no evidence of changes in renal function following
globin administration.

Considering the high level of urinary excretion,
and rapid breakdown in the body of globin as com-
pared to albumin, one might suspect that globin
would be a less effective plasma expander than
albumin or plasma. Nevertheless, the duration of
action of globin may be sufficient to warrant its
use as a plasma volume expander in the manage-
ment of emergency situations. For example,
globin has been used in the treatment of post-
operative shock and shock accompanying hemor-
rhage or burns (2, 6, 7). _

Although the data presented are too limited to
justify a comparison of the nutritive adequacy of
globin to solutions of amino acids or protein
hydrolysates, the usefulness of parenterally ad-
ministered globin may lie in its ability to furnish
available protein.

SUMMARY AND CONCLUSIONS

The nutritive value of modified human globin
was investigated by nitrogen balance studies in
six men. The studies indicate that nitrogen bal-
ance and body weight were maintained while
globin was given orally to two men for 8 and 11
days, respectively, as the sole source of protein
in a calorically adequate diet. Although the quan-
tities of globin administered orally provided less
than the tentative minimum daily requirement of
isoleucine as estimated by Rose (13), the oral
supplementation of globin with this amino acid did
not enhance the nutritive adequacy of globin as
measured by nitrogen balance in two subjects.
Globin given intravenously as a supplement to a
constant diet resulted in increased positive nitro-
gen balance and retention of nitrogen of magnitude
comparable to that observed during subsequent
study periods during which equivalent quantities
of dietary protein were ingested. The increases in
urinary nitrogen excretion noted during intra-
venous globin administration were attributable
primarily to the excretion of approximately 23
per cent of the infused material as protein.
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That infused globin rapidly disappears from the
blood is indicated by the prompt cessation of
proteinuria after globin infusions, and the failure
to detect significant quantities of globin in the
serum 24 hours after its administration. The
rise in plasma and urinary alpha amino nitrogen
which occurred following the infusion of this pro-
tein suggest it is rapidly metabolized.

No serious untoward reactions resulted from in-
travenously administered modified human globin,
although transient flushing, pruritus, and mild
pyrogenic reactions occurred frequently.

These studies indicate that modified human
globin may be useful as a source of protein for
parenteral alimentation. Investigation of its ade-
quacy as a plasma volume expander was not un-
dertaken, but the prompt disappearance from the
blood of intravenously administered globin, re-
sulting, in part at least, from its rapid rate of
metabolism and high level of urinary excretion,
suggests that its usefulness for this purpose may be
limited.
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