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EXPERIMENTAL PROTOCOL
Dog 44-10, a mongrel, adult, male collie. On a regime of repeated blood withdrawal plus
a low protein diet the blood hemc~ocritwas reduced from a normal 54.7 to a value of 37.3 per
cent over a period of 1 month immediately preceding the start of this experiment. Plasma
protein concentration fell from 6.75 to 4.71 gin. per 100 ml. plasma. Weight fell from 15.5
to 13 kilos.
The dog was given, by mouth, mixed with 100 gm. of hamburg, 0.58 gin. of dl-lysine
which contained 15 microcuries C 14 in the epsilon carbon position. The lysine synthesis had
been carried out as described by Helmkamp and coworkers (7). The dog took this feeding
eagerly. After 4.5 hours a feeding of 400 gm. of the basal diet low protein biscuits was supplemented with an additional 50 gm. of hamburg. The dog received daily for the next 3 days
400 gin. of biscuits plus 100 gin. hamburg. The dog was then returned to a standard kennel
diet adequate for the rapid regeneration of plasma and blood cell proteins. Under this regime
the red cell hematocrit rose to 48 per cent in 2 weeks and 52 per cent at the end of 5 weeks.
Plasma proteins rose from 4.71 gin. to 5.9 gin. per 100 ml. plasma in 2 weeks and 6.75 gin.
per 100 ml. in 5 weeks.
Blood samples of about 15 ml. each were withdrawn and mixed with 0.1 ml. of saturated
sodium citrate at times indicated by the points on Figs. 1 and 2. The blood samples were
centrifuged to separate plasma and the cells then washed twice with normal saline. No effort
was made to separate erythrocytes from other centrifugalized, formed elements of this blood.
One gin. portions of dehydrated blood cells and the dried solids from about 7 ml. of plasma
* We thank Dr. R. E. Masters, F. K. Millar, and B. C. Adelman for valuable assistance
in this work.
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This paper reports on the utilization of the tagged epsilon carbon of d/-lysine
by a dog rendered both anemic and hypoproteinemic by repeated bleeding
and a diet low in protein. The experiment extended over a period of 234 days,
a time sufficient to indicate an erythrocyte life span of at least 115 days based
upon the rate of replacement of labeled red cell proteins. The proteins of broken
down red cells seem not to be used with any great preference for the synthesis
of new hemoglobin.
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were used for individual C14 measurements. The carbon of such samples was converted to
COs by a wet oxidation and introduced into an ionization chamber of 1200 ml. volume. The
volume of evolved CO~ was determined. Ionization current measurements were made with a
dynamic condenser electrometer (I). Quantitative urine collections were made with a metabolism cage and aliquot portions were analyzed for C14. Single radioactivity determinations were made for plasma and urine. Blood cell C14 analyses were mostly done in duplicate, intervals of about 2 months separating the duplicate determinations. The duplicate
analyses gave reasonably corresponding results. The greatest difference found between duplicates was 18 per cent, the average difference, 5 per cent. The data for blood cells presented
are an average of duplicate values.
EXPERIM~INTAL RESULTS

DISCUSSION
Figs. 1 and 2 demonstrate that this dog, depleted of both hemoglobin and
plasma proteins, utilized the epsilon carbon of lysine with less lag in building
plasma proteins than in building blood cells. Fig. 2 shows that there is a turnover or utilization of newly formed plasma proteins as represented by a drop
in C 14content even under conditions where the animal is deficient in circulating
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The urine specimen removed from the metabolism cage 8 hours after the
administration of labeled lysine contained 27.8 per cent of the administered
C ~4. Total C 14 recovery from urine up to 72 hours totalled 34.9 per cent.
Fig. 1 shows concentrations of C 14per gin. of plasma carbon and per gin. of
blood cell carbon following the feeding of labeled lysine. Experiments reported
in detail in the accompanying paper (5) indicate that the plasma C 14values for
periods of 24 hours and longer after labeled lysine feeding represent predominantly radioactive carbon incorporated in plasma proteins.
The drop in C 14 concentration per gin. carbon in the blood cells (Fig. 1) in
the 10 to 35 day period represents predominantly a dilution of labeled cells with
new cells which the dog is able to form as the result of an adequate diet.
Fig. 2 shows the total incorporation of C t4 in circulating cells and circularhag plasma. The shape of curve shown is very similar to that resulting ff the
concentrations of C 14 in the cells and plasma of a unit quantity of blood are
plotted as a function of time. In computing the curves of Fig. 2 plasma values
are based upon experimentally obtained plasma volumes. The value of circulating cells is estimated as 82 per cent of the value directly calculated from
hematocrit and plasma volume determinations (2, 3). No direct data were
obtained concerning the chemical form of the C ~4 incorporated in the blood
cells of this dog. In a rat the erythrocyte C ~4 following feeding ef this tagged
lysine was found almost exclusively in the globin portion of the isolated hemoglobin molecule.
Blood loss through sampling over the 234 days of this experiment represents
about one-third of the dog's calculated 1000 mh blood volume. No correction
for this loss is made in computing the data for Figs. 1 and 2.
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FIG. 1. Concentration of C 14 in plasma a n d blood cell carbon following the feeding of
labeled lysine to a n anemic and hypoproteinemic dog.
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FZG. 2. A m o u n t of C ~4 circulating in the plasma and cell fractions of the blood. T h e approximate life span of the red cells is indicated.
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plasma proteins and on an adequate diet is constantly increasing the total
amount of plasma proteins in circulation.
Even when the total C 14 content of the plasma proteins is decreasing, the
newly formed plasma proteins presumably may contain C 14derived from labile
body protein deposits; for example, liver. Therefore, the C ~4plasma disappearance curve can be used only to set a lower limit for the average rate of turnover
of plasma proteins. As can be seen in Fig. 2, the C ~4 content of the plasma
dropped from 4.4 to 2.2 per cent of the administered dose in a period of 5 days.
On the assumption that this drop is logarithmic in nature, one can then compute that the average turnover of the plasma proteins incorporating C u occurs in less than 10 days. Corrections for blood loss do not significantly change
this figure.
In contrast, as shown in Fig. 2, the C ~4content of the pooled cellular elements
of the blood increased much more slowly so that a peak value was reached at
22 days, although 80 per cent of this value was achieved in 5 days. About 80
days after the time of administration of tagged lysine the C 1. content of the
blood ceils began to fall rapidly. It reached a new plateau at about 155 days.
This new level corresponds, as can be noted from Fig. 1, to a C 14 content per
gm. carbon approximately the same as the plasma level of the 60 to 150 day
period. This suggests that the material initially formed in the blood cells from
C 14has been mostly removed during the period of 80 to 150 days and has been
replaced from a pool with about the C 14 content of plasma protein over this
period. As shown in Fig. 2, about 110 days elapse between the point at which
the C ~4content of blood cells achieves 50 per cent of its maximum value and the
point where the C 14 content has decreased to a point midway between this
maximum value and the plateau value beginning at 180 days. This period of
110 days dearly represents an approximation of the average time spent in red
blood cells by C 14atoms.
Erythrocytes are the predominant cellular element of the blood. Present
available evidence also indicates that the life span of the erythrocyte is many
times that of the white blood cells. Therefore, the above data are predominantly
an indication of the fate of C ~4incorporated in the erythrocyte and show that
the average time spent in erythrocytes by C 14 administered to this dog as dllysine epsilon carbon is about 110 days. One type of red cell removal was
through blood sampling. A correction for such erythrocyte loss suggests that
had no blood samples been taken, the above figure would be increased at least
to 115 days.
The above figure of about 115 days is close enough to the erythrocyte life
span of about 124 days for the average dog, as determined by Hawkins and
Whipple (4), to suggest that what is actually being measured here is the life
span of the dog's erythrocytes. The proteins of the erythrocytes of this dog
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SUMMARY

AND

CONCLUSIONS

A dog, doubly depleted of blood cellsand plasma proteins, was fed d/-lysine
labeled with C 14 in the epsilon carbon position. In the first 8 hours 28 per cent
of the administered C 14 was excreted in the urine; in the first 72 hours, 35 per
cent.

Twenty-four hours after feeding, 4.2 per cent of the fed C 14was circulating
in the plasma, decreasing to 1 per cent at the end of 17 days. The C 14content
of the blood cells increased from ! per cent at 24 hours to 5.5 per cent in 5 days
and 6.8 per cent in 22 days.
Evidence based on the rate of decrease of the C 14content of circulating blood
cells is presented indicating an average life of 115 days for the erythrocyte
protein as an entity not interchanging with extracellular constituents. This
corresponds closely to the life span of the dog erythrocyte, 112 to 133 days
according to the best evidence otherwise available and indicates that this
experiment has actually measured the life span of the dog erythrocyte.
Following breakdown of blood erythrocytes the protein comprising them is
not used preferentially for the formation of new erythrocytes.
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are therefore predominantly fixed and stable entities which, subsequent to the
formation of the circulating red cell, do not undergo metabolic reconstruction
or turnover during the circulatory life span of the cell; at least this experiment
gives no evidence of turnover. This finding is similar to the result reported by
Shemin and Rittenberg (8) in a study of heroin of the human erythrocyte
carried out with N ~s used as a labeling element.
Some further deductions from the data obtained on this dog are plausible.
The circulatory lives of the erythrocytes labeled in this dog are not homogeneous
but fall predominantly in the range 80 to 150 days. The greatest rate of drop
of C 14 content of circulating cells occurs over the period 110 to 130 days after
the labeled amino acid feeding. This period of time probably corresponds to
the period of greatest bile pigment excretion reported by Hawkins and Whipple
(4) in their red cell life span experiments using bile fistula healthy dogs.
One further conclusion appears reasonable. The drop of C ~4 concentration
per gm. carbon in circulating cells to a value at 160 days close to the plasma
value of the 60 to 120 day period suggests that the globin from destroyed cells
is not used with great preference in the formation of new ceils. Rather it seems
that the amino acids for new hemoglobin formation are drawn from a much
larger labile body store of which at any one time the plasma proteins with
regard to C 14content seem to be an adequate sample. This is in harmony with
the observations (6) that show that in a fasting dog nitrogen balance can be
closely or actually sustained by dog hemoglobin given intraperitoneally.
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