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E BULK OF DATA initially accumulated regarding the lymphocyte

tended to indicate that its life span was relatively short. Thus, Minot

and Isaacs,’ in 1925, transfused blood from a patient with chronic lympho-

cytic leukemia into a patient with lymphosarcoma. The recipient’s blood

showed an elevated lymphocyte count for 35 minutes before returning to

normal. Yoffey,2 in 1935, showed that in the dog, lymphocytes remained in

the blood only from 11 to 12 hours. Adams, Saunders and Lawrence,� in 1945,

demonstrated a 10 to 12 hour rate of utilization for the lymphocyte in the cat.

Weisberger et al.,4 found that the white counts of rats injected with rat

lymphocytes tagged with p32 returned to normal in a matter of minutes.

However, in spite of this earlier work, investigators more recently have

concluded that the blood life span of the lymphocyte may be much longer.

Thus, Osgood,5 using the technic of P32-labeling of white blood cells with

subsequent DNA extraction, estimated the life span of lymphocytes in chronic

lymphocytic leukemia to he about 30 days. Christensen and Ottesen#{176} thought

that the majority of lymphocytes in the blood have a mean age of 100 to 200

days. A minority of the lymphocytes have a mean age of three days. In chronic

lymphocytic leukemia Doering and his co-workers7 observed maximum

lymphocyte DNA-P32 activity after 14 to 15 days.

These important observations, however, become very puzzling when one

considers the fact that the thoracic duct outptmt of lymphocytes is alone sumfficient

to replace the circulating blood lymphocytes one or more times depending

on the animal.2’3’8�’2 The work reported here was undertaken in an attempt

to clarify this problem as well as to study the rate of production and ap-

pearance of labeled lymphocytes in the thoracic duct.

METHODS

Mongrel dogs weighing 20 to 25 Kg. were used. At approximately 3 hours prior to
cannulation, they were given one can of a standard dog food and a pint of “half and half”

milk and cream. Anesthesia was induced with veterinary nembtmtal (Abbott) intravenously.

The thoracic duct was exposed and a small polyethylene catheter was tied in place and

allowed to drain externally into a 50 cc. siliconed glass tube containing 1.0 cc. sequestrene.

The wound was closed with sutures. The animals were kept under anesthesia for the

duration of the experiment, but no individual animal was maintained for more than 3

days. Frequent counts and smears were obtained from the thoracic duct as well as the

peripheral blood. Penicillin and streptomycin were given daily. Intravenous fluids up to
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5 liters per day were given and consisted of saline, 5% dextrose in water, and protein

hydrolysates. Calcium and potassium supplements were given at least once daily.
p32 was administered as disodiimm phosphate intravenoimsly in the amoimnt of 15 ,.ec per

pound at the time of cannulation or at the desired interval prior thereto.

Thoracic duct cannulations were successfully performned in a total of 10 dogs. Collections
of lymphocytes in 4 were in the period from hour 0 to hour 24, 5 from hour 24 to 48,

3 from hour 48 to 72, 3 from hour 72 to 96, 3 from hour 96 to 120, 2 from houmr 120 to
144, and 2 in the period over 144 hours after administration of the P”.

The thoracic duct lymph containing the lymphocytes was handled as previously de-
scribed”4 in order to extract the DNA-P”. All radioactivity was corrected to time 0, the

time of p32 administration. Details of the counting procedhmre have been published pre-

viously.”

Seven dogs were also given P’2 and their blood sul)jected to lymphocyte-granulocyte

separations at frequent intervals. The method of separation is based on the differing densi-

ties of lymphocytes and granulocytes.’5 Siliconed glassware was umsed throumghout. Twenty-

five cc. of whole blood were added to 10 cc. of 6% dextran ( Commercial Solvents, av.

molecular weight 120,000 ) and 0.5 cc. of seqimestrene. After sedimentation of the red

blood cells for approximately 25 minutes at room temperature, the supernatant was re-

moved and a white blood and differential count w.�re done. The supernatant was then

centrifuged at 1500 r.p.m. for 30 minutes in an International Type 2 centrifuge. The

sediment was then resuspended in an amount of supernatant, usually about 40 cc., so

that the final count was 40,000 to 50,000 cells per cmm. It was found that this concentra-

tion gave the best final separation. This suspension was then centrifuged in 12 cc. tubes
at 1500 rpm for 8-10 minutes. The sediment obtained showed 3 distinct layers (fig. 1).

The white top layer is lymphocyte-rich and usually contained 70-80’4 lymphocytes with

some granulocytes and eosinophils. The second layer, somewhat pink in color, was

granulocyte-rich. The bottom layer, containing very few leukocytes, consisted of red

blood cells.

DNA-P’S determinations on the lymphocyte and granulocyte-rich layers were carried out

as above. Specific activity per microgram lymphocyte and granulocyte DNA was then

readily calculated.

RESULTS

P32-labeled lymphocytes were detected as early as two hours after ad-

ministration of the isotope. The time at which this is determined is limited

by the fact that the mehod employed for DNA extraction in this study re-

quires a minimum of approximately .04 x 10,0 cells. Hence, labeled cells

undoubtedly made their appearance even earlier (fig. 2).

After maintaining a fairly high bevel of activity for 24 to 30 hours, the

appearance of labeled cells fell off, rapidly at first and then very gradually,

so that 160 hours after the p32 administration, significant activity was still

detectable. It is to be noted in fig. 3 that although in the hotmrs 26 to 28 a great

many more lymphocytes were being put out in the thoracic duct, the specific

activity did not rise. Figures 3 to 6 demonstrate the lymphocyte DNA-P32

specific activity, total lymphocytes and lymph removed in four dogs can-

nulated at progressively greater intervals after the administration of pI2�

The average rate of release of lymphocytes from the thoracic duct in these

experiments was .043 x 1010 cells/hour with a range of .007 x 0.099 x 1010. The

lymphocyte count in the thoracic duct lymph ranged from 1,000 to 30,000 cells

per cu. mm. Diversion of the thoracic duct flow from the blood did not elimin-

ate lymphocytes from the circulating white blood cells but resulted in a de-

crease of only a few per cent.
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figure 8.

FIG. I -Three (listimlct layers obtaimmed in the lvniphocyte-granimlocyte separation. The

top layer is lymphocyte-rich, the miiiddle layer is granulocyte-rich. and the bottom one

consists largely of red 1)100(1 cells.

The reproducibility of the level of labeling in these experiments was quite

remarkable so that one could predict ��‘hat the specific activity at any given

time would be. This constancy is shown in figure 7.

Lymphocyte-granubocvte separations of the blood revealed that the peak

of specific activity was reached on the fourth day for both the lymphocytes

and granulocytes. A higher peak was reached in the latter. No significant

differences, however, could be detected (luring the first two days after ad-

ministration of the p;m�� Thereafter, the specific activity of both types of cells

rose rapidly. The fall in specific activity was rapid after the fourth day until

the tenth day when it became more gradual. A typical curve is shown in
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LYMPHOCYTES REMOVED PER HOUR

TOTAL LYMPHOCYTES REMOVED 2.379 * 100

TOTAL LYMPH REMOVED 4750 c.c
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THORACIC DUCT LYMPHOCYTES

DOG 103-134 8lOpc P” ON DAY 0

FIG. 2.-Demonstration of the early appearamice of labeled lymphocytes iii the thoracic

duct. Peak lymphocyte l)NA-P’2 specific activity in the thoracie duct WaS reached in 12

hoi,rs.

DiscussiON

These experiments once again confirm previous studies9 which have shown

that enough lymphocytes enter the blood stream through the thoracic duct

to replace those circulating in the peripheral blood several times daily. In

fact, Hughes, May and Widdicombe1#{176} recently estimated that the combined

output from the thoracic, cervical, subclavian and right lymphatic ducts of

the rabbit would replace the blood lymphocytes 11 times each day.

Since the introduction of isotope methods of lymphocyte labeling many

workers5�7 have concluded that lymphocyte life span must be quite long and,

therefore, at variance with the short life span as calculated by nonisotopic

measurements.

The very early appearance of labeled cells (and hence, presumably new

cells) after P32 administration in the thoracic duct must mean that the matura-

tion time for lymphocytes is extre�nely short. If this were not true, the curve

of the thoracic duct lymphocyte DNA-P32 activity would start at a low level

and rise slowly rather than showing the early high peak.
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THORACIC DUCT LYMPHOCYTES

DOG 92-119 75O�uc P� AT HOUR 0
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FIG. 3.-Rate of appearance and I)NA-P’ activity of lymphocytes in the thoracic duct

of a dog cannulated immediately after the admiiinistration of P”.

That part of the curve of lymphocyte DNA-P32 after the peak is more

difficult to interpret. From a comparison of the rate of clearance of plasma �32

with the curve showing lymphocyte DNA-P32 specific activity (fig. 9) it is

possible that the shape of this curve may be influenced by the plasma p32

level. Hence, specific activity of lymphocyte DNA-P32 at any point may reflect

(1) cells labeled continuously to an extent proportional to the plasma P32 and

released immediately upon maturation, or (2) cells labeled only at the initialy

high plasma p2 level and gradually released, or (3) both.

The absence of a sharp rise in peripheral blood lymphocyte DNA-P32

within the first three days must mean that the cells leave the blood very

rapidly after entry from the lymphatics. Assuming that there is no preferential

loss from the peripheral blood of labeled (or newly formed) cells as com-
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THORACIC DUCT LYMPHOCYTES

DOG 82-124 75Opc P’8 AT HOUR 0
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Fic. 4.-Lymphocyte DNA-P” specific activity in the thoracic (Ismct of a dog cannulated

24 hours after P” was given intravenously.
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Fic. 5.-DNA-P” specific activity in thoracic duct lymphocytes from a dog cannulated

48 hours after being given the isotope.
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THORACIC DUCT LYMPHOCYTES

DOG 106-130 75O�uc P” ON DAY 0
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TOTAL LYMPHOCYTES REMOVED 2 026 * 1010
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Fic. 6.-Thoracic duct lymphocyte DNA-P2 activity in a (log subjected to cannulation

of the duct 100 hours after the P” was given.
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Fic. 7.-Composite figure of the specific activity in thoracic duct lymphocytes in 4

different dog experiments. This demonstrates the excellent reproducibility of the level of

labeling.

pared to unlabeled cells, the steepness of this curve would depend upon (1)

the number of labeled lymphocytes lost as compared to the unlabeled ones,

and (2) the specific activity of the cells entering the blood through the

thoracic and other lymp�hatic ducts. The maximum specific activity attained

would be determined by the rate of supply of labeled cells and the rate of
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PERIPHERAL BLOOD

LEUKOCYTE SPECIFIC ACTIVITY OF DNA-P32

DOG 100-131

85Opc P” ON DAY 0

s-s SPECIFIC ACTIVITY LYMPHOCYTE DNA-?’

x x SPECIFIC ACTIVITY GRANULOCYTE DNA-P”

Fic. 8.-A typical example of I)NA-P� in periplltral blood lylImpiloc> ks amI(l grammulocytes.

loss of these cells. At the time when these two factors are equal, the peak

of specific activity will have been reached.

Recirculation to the blood probably does not occur because in that case

one would not expect the lymphocyte DNA-P32 specific activity in the periph-

eral blood to fall off rapidly (fig. 8). Recirculation of labeled cells would result

in a progressive rise of specific activity. This is in agreement with the findings

of Yoffey,2 who compared the lymphocyte counts in the lymph from peripheral

and central lymphatics. More recently, Coassin and Kline16 came to the same

conclusion on the basis of isotopic labeling of thoracic duct and blood

lymphocytes.

There appears to be no obvious explanation for the occurrence of the

peak of lymphocyte DNA-P12 activity on the fourth day after administration

�f � the same day as for the granulocyte. Perhaps, as has been postulated

by Yoffey,’T the lymphocytes leave the blood rapidly to enter the hone marrow

and then are released simultaneously with the granulocytes upon their

maturation.
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PLASMA PTM AND THORACIC DUCT LYMPHOCYTE DNA pM
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FIG. 9.-Comparison of the rate of clearance of plasma

of P’�-labeled cells in the thoracic duct.

SUMMARY

36 40 42 44 46 4* 50 70 90 80

p42 with the rate of appearance

1. Lymphocytes in dogs have been labeled by means of the DNA-P32 in-

corporation technic.

2. In the thoracic duct, a high level of lymphocyte DNA-P32 specific activity

is reached within two hours. After 24 to 30 hours, the activity falls to a

lower level which is then maintained for at least 160 hours.

3. Lymphocyte-granulocyte separations on the blood revealed that DNA-P32

specific activity reached a peak on the fourth day for both lymphocytes and

granulocytes.

4. These findings are consistent with a short maturation time for the lympho-

cyte and a short intravascular time.

Su�I�IARIo IN INTERLLNGUA

1. Lymphocytos de canes esseva marcate per medio del technica a incor-

poration de p32 in acido desoxyribonucleic (ADN).

2. In le ducto thoracic un alte nivello de activitate specific de lymphocytic

ADN a p32 es attingite intra duo horas. Post 24 a 30 horas le activitate descende

a un nivello plus basse que se mantene durante al minus 160 horas.

3. Separationes del lymphocytos ab le granulocytos in Ic sanguine revelava

que le activitate specific de ADN a P32 attingeva su maximo le quarte die,

tanto pro lymphocytos como etiam pro granulocytos.

4. Iste constatationes es compatibile con le these de tin breve tempore de

maturation pro le lymphocytos e tin breve tempore intravascular.
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