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Several labels have been used for in vitro label-
ing of granulocytes. 32P-diisopropylfluorophosphate
(3?P-DFP) was originally used by Athens, et al in
1959 (1). These authors found a disappearance
half-time from circulating blood of 6.6 hr (4-10 hr)
for 32P-DFP-labeled granulocytes. In 1966 Dresch
and Najean (2—4) labeled normal granulocytes with
51Cr, using the technique published by McCall (5)
for leukemic cells, and found a disappearance half-
time of 19 = 4 hr for normal granulocytes.

In a previous paper (2) we proposed three hy-
potheses to explain the discrepancy between the re-
sults obtained with 51Cr- and 32P-DFP-labeled gran-
ulocytes:

1. Cells are uniformly labeled, regardless of age,
by 51Cr whereas 32P-DFP labels older cells
more readily. This hypothesis could explain a
shorter disappearance half-time with 32P-DFP
labeling if granulocytes do not leave the cir-
culation in a strictly random way.

2. The longer disappearance half-time in the cir-
culation of 51Cr-labeled granulocytes is due to
metabolic damage which hampers their migra-
tion into the tissues but does not alter their
intravascular survival time.

3. 32P-DFP is eluted in vivo although there is no
evidence for in vitro elution (7), or 32P-DFP
alters the labeled cells and causes a shorter life
span. In both cases, the disappearance half-
time of 32P-labeled cells would be less than
normal.

None of these hypotheses could be substantiated
when we proposed them. However, in this paper we
wish to present data on sequential and simultaneous
in vitro labeling of granulocytes by 3'Cr and 2P-DFP
which explain the different results obtained with the
two methods.

We have found a very good correlation between
the disappearance half-time of granulocytes labeled
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separately by these two radionuclides. Such a corre-
lation enabled us to use a double-labeling method to
demonstrate a qualitative granulocyte anomaly in
some cases of chronic leukopenia. Indeed, when one
uses only one radionuclide, two separate labelings are
needed, first of the patient’s own granulocytes and,
second, of homologous normal granulocytes (3,6).
However, several consecutive tests are often difficult
to complete, and their interpretation is always sub-
ject to controversy since in the interval between the
tests a change in leukocyte kinetics may occur. Dou-
ble labeling by 5!Cr of autologous granulocytes and
by 32P-DFP of homologous granulocytes would allow
us to compare the life span of normal and pathologi-
cal granulocytes under the same conditions if a con-
sistent correlation exists between the disappearance
half-time of cells labeled by these two tracers.

MATERIALS AND METHODS

Labeling methods, The method for 5'Cr labeling
of granulocytes has already been described (2).
Three hundred to 400 ml of blood are collected in
0.6% EDTA or in ACD in a siliconized glass bottle.
We observed no difference when using EDTA or
ACD in the disappearance half-time of 5!Cr-labeled
granulocytes. From 1963 to 1966, 0.6% EDTA was
used in 92 studies with a mean disappearance half-
time for 32 normal subjects of 19.6 =+ 3.8 hr; from
1966 to 1970, ACD (citric acid 1.76 gm, NaOH
0.68 gm, glucose 1.8 gm, distilled water 75 ml for
300-400 ml blood) was used in 70 studies, with a
mean disappearance half-time for 27 normal subjects
of 18.3 = 2.8 hr. The difference between these two
series is not statistically significant.

After sedimentation in five volumes of 2.5%
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plasmagel (gelatine 2.5%—Roger Bellon) in sili-
conized tubes (30 cm long and 4 cm wide) at 4°C
for 45 min, the supernatant is centrifuged at low
speed (800 rpm) for 10 min to concentrate the
granulocytes and to eliminate most of the platelets.
The supernatant plasma is then centrifuged at high
speed (3,000 rpm) to obtain a cell-free plasma.
White cells, contaminated by some red cells, are
suspended in 20-30 ml of plasma and incubated at
room temperature for 45 min with either (A) 600
rCi of 51Cr (CEA, Saclay, specific activity 100 mCi/
mg Na-chromate) or (B) 50 xCi (0.10-0.20 mg) of
32P-DFP (Amersham, specific activity 150-200
pCi/ml, 0.46-0.64 mg/ml). White cells are then
washed in 200 ml plasma and suspended in 20 ml
plasma for injection. All manipulations are made in
a previously U.V. sterilized chamber, and centrifuga-
tions are done at 4°C.

Sampling and measurements. Blood samples of
20-30 ml are withdrawn from the patient 10, 20,
30, and 60 min after infusion, and then every 90 min
to 8 or 10 hr; samples are then withdrawn three
times the following day, twice the third day, and once
a day up to the fifth or sixth day. Each blood sample
is withdrawn in a heparinized plastic or siliconized
syringe. After sedimentation in a 1.5% dextran
solution (molecular weight 200,000) for 45 min, five
volumes of 5% acetic acid are added to the super-
natant to hemolyze the red cells. The supernatant is
then centrifuged at low speed (800 rpm) for 10 min.
Cells are washed twice with saline and then counted
for 51Cr activity in a well scintillation counter with a
spectrometer (Mesco, Tracerlab).

When 32P-DFP is used, the white cells are dis-
solved in 0.5 ml of 1 N NaOH at 50°C; 1 ml of NCS
solubilizer (Amersham/Searle, Nuclear-Chicago) is
added to 0.2 ml of the solution. After 12-20 hr of
incubation at room temperature, 15 ml of the scin-
tillation mixture (Liquifluor, Nuclear-Chicago) is
added, and the sample is counted for 32P-DFP activ-
ity in a Beckman liquid scintillation counter. For well
and liquid scintillation counting, window widths have
been established so that no correction is required for
the presence in the sample of the other nuclide.

Nitrogen is estimated in total white cells in single
51Cr labeling or in the remaining white cells in double
labeling studies using a Technicon Autoanalyzer.
Radioactivity is expressed as counts/min/mg nitro-
gen in each sample. Results are plotted on semi-
logarithmic paper. With 3!Cr labeling, radioactivity
on the fifth or sixth day is taken as contamination by
labeled lymphocytes and subtracted from each pre-
vious point (2).

Subjects studied. Seven normal adults (four males
and three females) had two separate studies: First,
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autologous 5!Cr-labeled granulocytes were infused.
Then two to six months later, autologous granulo-
cytes simultaneously labeled with 51Cr and 32P-DFP
were infused for a second study. The blood granulo-
cyte number was the same in both studies.

In addition, 25 adults were studied by a simul-
taneous double test. Their own granulocytes were
labeled with 5!Cr, and homologous normal granu-
locytes were tagged with 32P-DFP. The separately
labeled autologous and homologous granulocytes
were simultaneously injected. Of these 25 subjects,
two were hematologically normal, 20 were leuko-
penic (marrow hypoplasia—4, idiopathic chronic
leukopenia—10, rheumatoid arthritis—3, and toxic
chronic leukopenia—3) and three had a chronic
leukocytosis without any recognized etiology.

In vitro studies. For in vitro studies, normal gran-
ulocytes were labeled as described previously either
with 51Cr or with 32P-DFP at 0.15, 0.30, and 0.60
mg/30 ml of cell suspension. The 5'Cr-labeled gran-
ulocytes were incubated with two concentrations of
DFP (0.15 mg and 0.30 mg/30 ml), and these were
compared with %'Cr-labeled granulocytes incubated
without DFP. Incubations were made in plasma at
37 and 4°C. At 1, 2, 3, and 4 hr, total supernatant
radioactivity, protein-bound supernatant radioactiv-
ity, and granulocyte specific activity were determined.

RESULTS

Studies in normal subjects. Table 1 shows the re-
sults of the two different tests in seven normal sub-
jects. Column 1 gives the T,,, of 3'Cr-labeled cells
in the first study (single labeling of autologous gran-
ulocytes). Column 2 gives the T,,. of 5Cr-labeled
cells in the second study (simultaneous labeling by
51Cr and 3?P-DFP of autologous granulocytes). Col-
umn 3 gives the T,,. of 32P-DFP-labeled cells in the
second study.

The kinetics of 5!Cr-labeled granulocytes has been
described in previous papers (2,4). One typical curve
is shown in Fig. 1. Distribution of the labeled leuko-
cytes into two pools at equilibrium, circulating and
marginal, of nearly equivalent size, is attained be-
tween half an hour and one hour. Thereafter the
labeled cells disappear from the circulating pool
with a T,,, of 18.9 = 3.3 hr in 59 normal subjects.
In the present experiment with seven normal subjects
we found a disappearance half-time of 17.5 = 1.5 hr
(Table 1, Column 1). These results are in the normal
range.

We took as normal the half-time values for
32P-DFP labeling reported by Athens et al (7-9)
(6.6 = 1.16 hr in 45 normal subjects). Preliminary
studies showed that in vitro labeling of isolated cells
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TABLE 1. HALF DISAPPEARANCE TIME OF 51Cr AND 32P-DFP IN VITRO-LABELED GRANULOCYTES
IN NORMAL SUBJECTS
First study Second study
Patient (single labeling) (simultaneous double labeling)
- Ep.DFP Tus (3)
51Cr Tysa (hr) BICr Ty/s (hr) P-DFP Ty/2 (hr)
1 2 3 ®ICr Tys (1)
BOU 18 10 7 0.39
JAY 17 9 5 0.29
KOJ 19 n 55 0.29
HAC 17 135 8 0.47
MAG 17 8.5 5 0.29
MAT 15 é 4 0.27
KAl 20 6 4.5 0.23
Mean =+ 1 s.d. 17515 94 =24 55+13 0.32 + 0.09
Normal valves =+ 1 s.d. 18.9 = 3.3° 6.6 = 1.16% 035 +0.12
* ®'Cr single labeling in our series of 59 normal subjects.
+ ®P-DFP single labeling from Athens et al (2) on 45 normal subjects.

gave the same results as in vitro labeling of whole
blood. In the present experiment (Table 1, Column
3) in which granulocytes were simultaneously labeled
with 81Cr and 32P-DFP, we found a disappearance
half-time for 32P-DFP-labeled granulocytes of 5.5
=+ 1.3 hr. These results are in the normal range.
When granulocytes are labeled simultaneously with
32P-DFP and °!Cr, the T, of 32P-DFP is not
changed.

Comparison of Columns 1, 2, and 3 in Table 1
shows that the 5!Cr disappearance half-time is al-
ways longer than the 32P-DFP one. But when autol-
ogous granulocytes are labeled with 3!Cr alone
(Column 1) or with 5!Cr in the presence of DFP
(Column 2), the 5!Cr disappearance half-time is
always shortened in the second case. The mean ratio
T,,2 81Cr (with DFP)/T,,, 5'Cr (alone) is 0.54 =+
0.14. Four experimental curves are given in Fig. 2.

To find out if this shortening of the 5!Cr dis-

appearance half-time in the presence of %2P-DFP is

due to 32P, autologous granulocytes labeled with
81Cr in the presence of 0.15 mg of cold DFP per
30 ml of cell suspension were injected in three normal
subjects. The disappearance half-time of 5'Cr-labeled
granulocytes was 13-14 hr. Thus the shortening of
the life-span of 31Cr-labeled granulocytes by 22P-DFP
is neither due to the radioactivity nor to an eventual
misinterpretation of the counting data, but to the
DFP molecule.

In vitro studies with 5Cr-labeled -granulocytes
were carried out to find whether DFP acts by short-
ening the life-span of the granulocytes or by increas-
ing the %Cr elution. Figure 4 shows the results of
these studies. Each point is the mean of four to six
experimental results.
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TABLE 2. EFFECT OF DFP ON RADIOACTIVITY
OF SUPERNATANTS OBTAINED AFTER
INCUBATING FOR 3 HR LEUKOCYTES LABELED
IN VITRO WITH 51Cr*

15 mg DFP/30 ml

30 ml DFP/30 ml

Total Total
Incuba- super- Protein- super- Protein-
'ion 8, ('Y =, A 'y + 'S d
tempera- radio- radio- radio- radio-
ture (°C)  activity activity activity activity
37 125 100 150 120
4 150 180 180 200

* Results, in percent of supernatant radioactivity in in-
cubation without DFP at the same temperature, are the
mean of six experimental valves.

Two conclusions can be drawn from these experi-
ments:

1. At 37°C the supernatant radioactivity is always
greater than at 4°C, but protein-bound radio-
activity does not increase in the same propor-
tion. A slight decrease in granulocyte specific
activity is also evidence of some 5!Cr elution
from granulocytes in the presence of DFP at
37°C.

Increased concentrations of DFP are not
clearly more effective at 37°C, but at 4°C
there is a distinct increase of protein-bound
activity compared with incubation without
DFP (Table 2). At 4°C there is no decrease
in granulocyte specific activity. The increase
in protein-bound radioactivity gives evidence
of cellular lysis in the presence of DFP.
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FIG. 1. %Cr single labeling in a normal subject.
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FIG. 2. 'Cr isolated and *'Cr + *P-DFP simultaneous label-
ing. Comparison between ®Cr half-time of disappearance in four
normal subjects.
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FIG. 3. 5Cr and =P-DFP simultaneous labeling in four normals.
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FIG. 4. In vitro incubation of ®'Cr-labeled granulocytes with
two different concentrations of DFP (each point is mean of 4-6
different studies).
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Results of in vitro studies of *>P-DFP-labeled gran-
ulocytes are given in Fig. 5. With increased concen-
trations of 3?P-DFP, there is increased activity in
the supernatant which is nearly all protein-bound.
There is no significant difference between the 4 and
37°C non-protein-bound radioactivity which is al-
ways less than 4% of the total radioactivity of the
sample. The granulocyte specific activity does not
decrease except when high concentrations of DFP
have been used.

Studies of pathological cases. Tables 3 and 4 show
the disappearance half-time of the patient’s own leu-
kocytes labeled with 5!Cr and of 32P-DFP-labeled
normal homologous leukocytes injected at the same
time. One experimental curve is shown in Fig. 6
(Patient PER in Table 3).

In most cases (ten cases of leukopenia and three
of leukocytosis), the same ratio between the T,,, of
32P-DFP-labeled homologous granulocytes and the
T,/2 of *'Cr-labeled autologous granulocytes is pres-
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FIG. 5. In vitro incubation of granulocytes labeled with three
different concentrations of *P-DFP (each point is mean of 46 dif-
ferent studies).
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ent as that of 3'Cr and *2P-DFP autologous granulo-
cytes with separate labeling in normal subjects.

On the other hand, the ratio 32P-DFP T,,,/
51Cr T, . is far above the normal range in three cases
of Felty’s syndrome and two cases of toxic granulo-
penia in which marrow and leukocyte studies sug-
gested a qualitative leukocyte abnormality.

In four cases, the disappearance half-time of
s2P-DFP-labeled granulocytes is much more reduced
than that of 5’Cr autologous granulocytes. In two of
these cases, circulating antibodies were found by
immunological studies.

TABLE 3. HALF DISAPPEARANCE TIME OF 51Cr
(AUTOLOGOUS LEUKOCYTES) AND
32P-DFP (HOMOLOGOUS LEUKOCYTES) IN
LEUKOPENIC PATIENTS (SEPARATE LABELING
AND SIMULTANEOUS INFUSION)

iCr “p.DFP
(autol- (homol- =p_DFP Tz
ogous) ogous) I
Cases Name Ty (hr) Tz (hr) 5Cr Tu/a

Normal 189 +33 66+116 035+.2
=+ 1s.d.

Extra MOR 10 3 0.30
cellular PAL 1.5 3 0.26
destruc- MYR 8 2 0.25
tion LAT 2 K 0.30

BER 13 3 0.25
LEG 2.5 9 0.36

Marrow POM 20 7 0.35
hypo- LEN 20 6 0.30
plasia LEC 21 8.5 0.40

HAC 17 8 0.44

Qualitative  PER 9 6 0.67
abnor- LAV 7 4.5 0.64
mality of  RUI 8 [} 0.75
poly- LED 8 [ 0.75
morpho-  DES 10 [} 0.60
nuclear
leukocytes

Isoimmuni-  OLI 19 1 0.05
sation GiL 14 1.5 o.n

AMA 15 . 0.05
ANC 12 1 0.09

Auto immu- LED 1 1 1

nisation

TABLE 4. HALF DISAPPEARANCE TIME OF 51Cr
(AUTOLOGOUS LEUKOCYTES) AND
32P-DFP (HOMOLOGOUS LEUKOCYTES) IN
LEUKOCYTOSIS (SEPARATE LABELING AND
SIMULTANEOUS INFUSION)

SiCr

otoron SPOFP e T,
Cases Tys (hr) Ty2 (hr) 51Cr Tus
Normal
*+ 1sd. 189 =33 6.6 +1.16 0.35 + .12
MUS 30 125 0.42
POD 26 6 0.23
LAC 30 7 0.23
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In leukocytosis (Table 4), both autologous 5!Cr-
labeled granulocytes and *2P-DFP homologous gran-
ulocytes have a longer than normal disappearance
half-time as already published for 32P-DFP-labeled
autologous granulocytes (8,10).

Correlation between the disappearance half-time
of 32P-DFP- and 5'Cr-labeled granulocytes. Figure 7
shows the dispersion of the results of 31 studies in
which leukocytes were separately labeled with the
two isotopes. In 22 cases the ratio 32P-DFP T,,./
51Cr T, . is similar:

1. Thirteen of these subjects had a normal granu-
locyte life-span [seven subjects were subjected
to a double study with autologous leukocytes
and six to a single study with 5Cr-labeled
autologous and 32P-DFP-labeled homologous
leukocytes (two normal subjects and four with

Time (minutes)

51Cr AND 32P-DFP LABELING OF GRANULOCYTES

bone marrow hypoplasia)].
2. Six other subjects had a reduced life-span of
both autologous and homologous granulocytes
in the same study (extracellular destruction).
3. Three subjects had a prolonged life-span of
both autologous and homologous granulocytes
in the same study (leukocytosis).
The correlation factor is r = 0.86. The 95% con-
confidence limits are 0.68 < r < 0.94.

The five cases of qualitative abnormality of granu-
locytes and the four cases of iso-immunization are
outside the normal dispersion range.

DISCUSSION
After in vitro labeling, 3?P-DFP T,,, is always

shorter than 5Cr T,,,. The method of in vitro 5'Cr

Time ( minutes )
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labeling has already been discussed in a previous
paper (2). We have shown that the disappearance
half-time calculated for in vitro 51Cr-labeled leuko-
cytes is that of granulocytes alone. After hemolysis
with 5% acetic acid and two washes with 0.9%
NaCl, there are neither red cells nor hemoglobin
present in the white cell suspension. Platelet labeling
does not contribute to any counted radioactivity be-
cause most platelets are eliminated by the low-speed
centrifugations before and after labeling. Lymphocyte
activity is very low in normal subjects (less than
0.05 of the initial circulating activity), but is more
important in granulopenic patients. We found (2)
that mature lymphocytes are labeled less by %Cr
than mature granulocytes: the ratio of lymphocytes
to granulocytes is 0.1 to 0.8 (mean 0.3). These
results are in agreement with those of McMillan
and Scott (/1) who found a labeling ratio of lym-
phocytes to granulocytes of 0.4 to 0.9. However,
Pfisterer (/2) found a labeling ratio of lymphocytes
to granulocytes of 5 to 25 and Eyre, et al, 2 to 3
(13). This point should be further investigated. The
lymphocyte disappearance half-time is thought to
be greater than ten days: 13 =+ 2.6 days for Pfisterer
(14), 12-34 days (mean 23 days) for Goswitz (15).
The remaining white cell radioactivity after the
fourth day can therefore be considered to be due to
lymphocyte radioactivity, and this value can be used
to correct the white cell curve.

A factor in estimating the disappearance half-time
of labeled granulocytes is the variability from one
subject to another of the delay before the equilibra-
tion between the circulating and the marginal pools

is completed (2,3). The initial fall in granulocyte
specific activity corresponding to this equilibration
is identical with %!Cr- and with 32P-DFP-labeled
cells (Fig. 8). Similar curves have been observed
by Deinard (16) with 32P-DFP-labeled cells in the
samples taken soon after the injection. We think
that the lack of equilibration, due to early blood col-
lection, explains the double curves published by
Duvall (17) and Perry (I8) and some of the com-
plex curves published by Athens (10). When it is
impossible to have four blood samples in the first two
hours after the infusion (in order to draw the curve
of equilibration), the first blood sample to be taken
into account has to be collected at least 2 hr after
the infusion. Epinephrine injection before this delay
showed (2) that the first exponential curve observed
was due to the margination of the labeled leukocytes.

The difference of the disappearance half-time ob-
served after in vitro labeling with 32P-DFP and
51Cr is not due to technical reasons (the same tech-
nique is used for both labels and an eventual cellular
injury by manipulations should shorten the life span
of the cells labeled with either isotope). In vitro
32P-DFP labeling of granulocytes gave us the same
results when whole blood or when isolated cells were
labeled, and these are the same as those of Athens
et al (7) who labeled whole blood.

A constant discrepancy is observed between the
life span of %!Cr- and 32P-DFP-labeled granulocytes
when the comparison is based on large series of nor-
mal subjects such as Athens’ (7,9) and Sacchetti’s
(19,20) for 32P-DFP, and ours (2,3) for 3!Cr. The
present study confirms the longer survival time of

Th 320FP
CHeurs) r
= Similor disappearance limes
o Guelilativ anomaly
® lso immunisatien
18
P=229
- %2032
104
L]
90 o [l
L4 L]
54 -
o . -
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51Cr-labeled granulocytes in normal and pathological
cases. These observations are in disagreement with
those of McMillan and Scott (/1) who found an
identical disappearance half-time of granulocytes
labeled with 32P-DFP and *'Cr (10.5 = 3.3 hr),
either simultaneously (five cases) or separately (five
cases). It is very difficult to explain the discrepancy
between their results and ours without having more
data. We can only suggest some possible explanations
which arise on examination of their report:

1. The granulocyte disappearance half-time, in
a large series of cases, extends over a very
wide range. It is possible, as the authors sug-
gest, to explain the very long survival time
of 32P-DFP-labeled cells compared with
Athens’ data by saying the ten subjects studied
were not strictly normal.

2. The very low specific activity of 3!Cr-labeled
circulating granulocytes (3 to 8 cpm/mg N)
could explain the fact that a late circulating
activity was not observed. We usually find an
initial specific activity for circulating leuko-
cytes of 100-500 cpm/mg N with *'Cr label-
ing, and 100-300 cpm/mg N with 32P-DFP.
More than 10% of the initial specific activity
is found in the leukocytes circulating on the
second day of the study. Duvall and Perry (17)
also observed this late circulating activity with
51Cr labeling of leukocytes in normal subjects.
To ignore the circulating activity after 24 hr
would lead one to set a shorter disappearance
half-time for the %'Cr-labeled cells.

Several hypotheses have been made to explain the
discrepancy between the results of *'Cr and *?P-DFP
labeling of granulocytes. It has been suggested that
there is a difference of labeling according to the age
of the cells between 5Cr and 32P-DFP. In fact, we
have shown that in vitro 5!Cr labeling is homogeneous
on young and old granulocytes either in chronic
myelocytic leukemia or in myelofibrosis (2). Kurth
et al (21) has shown that *H-DFP labels myelocytes
more intensely than metamyelocytes and polymor-
phonuclears when leukocytes from chronic myelo-
cytic leukemia are labeled in vitro. Even if there is
some difference in young cell labeling between *Cr
and 32P-DFP, this cannot account for so large a
difference in the disappearance half-time of granulo-
cytes in normal subjects.

When the same cells are labeled simultaneously
by 32P-DFP and ®!Cr, the disappearance half-time
of 51Cr remains longer than that of 32P-DFP (Table
1, Columns 2 and 3). This fact eliminates the second
hypothesis suggested in a previous paper (2), namely
that 5!Cr could damage the granulocytes sufficiently
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FIG. 8. Equilibration of *'Cr and *P-DFP in vitro labeled granu-
locytes (separate labeling) between marginal and circulating pools.

to hamper their migration towards the tissues but
not to shorten their survival time. If this were true,
the T,,, of 32P-DFP would be lengthened to the
same value as the T,,, of *!Cr in the case of simul-
taneous labeling of the same cells with both labels.

An elution of **P-DFP from the granulocytes is
suggested by the difference between the disappear-
ance half-time of 5'Cr and 3?P-DFP when granulo-
cytes are labeled simultaneously by the two tracers.
Both labels are on the same cells, and the discrepancy
in the T,,. of each appears related to the nature of
the label.

Early in vivo elution of *2P-DFP has already been
shown for red cells and platelet in vitro labeling
(22,23). In vitro studies of 32P-DFP labeled granu-
locytes are not entirely conclusive; incubation (Fig.
5) shows a constant but low non-protein-bound ra-
dioactivity in the supernatant and the specific activity
of granulocytes does not decrease for usual con-
centrations of DFP. But as Athens, et al (/) em-
phasize in their study of this problem, it is difficult
to know whether elution is more important in vivo
than in vitro. This is suggested by the simultaneous
double-labeling data (Table 1). After simultaneous
double labeling by #'Cr and 32P-DFP of the same
granulocytes, the in vivo disappearance time of
32P-DFP is always shorter than that of 3!Cr. This
fact can only be explained by an in vivo elution of
32P from the labeled granulocytes.

A direct toxic effect of DFP on the granulocytes
is suggested by the difference between the disappear-
ance half-time of !Cr-labeled granulocytes incubated
with or without DFP (Table 1, Columns 1 and 2).
The mere presence of DFP during the in vitro labeling
shortens the T,,, of the 5!Cr-labeled granulocytes by
half. This effect can be due either to an increased
elution of 5!Cr from the double-labeled granulocytes
or to a toxicity of DFP for the granulocytes.
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The 3!Cr elution of single-labeled granulocytes
cannot be important in vivo. Significant elution would
mean that the disappearance half-time of granulo-
cytes from the circulation is longer than 24 hr, which
differs from the evaluation of granulocyte survival
time made by Osgood (24) and Cronkite (25,26).
The disappearance half-time of normal granulocytes,
as measured by %'Cr labeling, seems to be corrobo-
rated by Yankee, et al (27) who find normal in-
fused granulocytes in leukopenic patients 19 hr after
the infusion. In vitro elution of 5'Cr-labeled granu-
locytes is not important, but it does exist as for red
cells (28), as shown by our studies (Fig. 4) and
Ronai’s (29). Ronai suggests that 51Cr labeling leads
to a metabolic alteration in protein catabolism and
the elimination from the cells of labeled peptides.
The presence of DFP could enhance this process,
as shown by in vitro studies of 3!Cr elution at 37°C
in the presence of DFP (Fig. 4 and Table 2). But
the fact that the specific activity of the granulocytes
in in vitro incubation decreases only slightly is more
in favor of cellular death.

Direct toxicity of DFP for granulocytes was not
demonstrated conclusively in in vitro studies, as
previously published (1,2), at usual concentrations
of DFP and at 37°C. In vitro studies at 4°C (Figs.
4 and 5, Table 2) show that radioactivity in the
supernatant of incubation is proportional to the DFP
concentration, either with 5!Cr- or with 32P-DFP-
labeled cells. Most of this radioactivity is bound to
proteins, and the granulocyte specific activity does
not change. The toxicity of DFP for granulocytes
is also demonstrated in vivo:

1. The infusion of 32P-DFP (0.4-0.5 mg) in
ten patients with normal leukocyte counts (in
vivo labeling of red cells for studying hemoly-
sis) showed between 4 and 20 hr a temporary
decrease of one-third of the initial leukocyte
count (—33% = 13 in the leukocyte count,
—32% = 18 in the granulocyte count,
—33% = 24 in the lymphocyte count).

2. In three subjects, 32P-DFP was injected in-
travenously on the second day after the in-
fusion of 51Cr in vitro labeled leukocytes. A
rapid decrease in the specific activity of the
circulating labeled leukocytes was observed,
as shown in Fig. 9.

3. The concentration of 3?P-DFP used in the
present in vitro labeling is ten times as large
as that used by Athens, et al (/) for the whole
blood labeling, but is the same as that used by
McMillan and Scott (1) in a technique
similar to ours. We have found the same sur-
vival time for 32P-DFP-labeled granulocytes in
normal subjects, either by whole-blood label-
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FIG. 9. Effect of intravenous injection of *P-DFP on specific
activity of in vitro *'Cr-labeled leukocytes.

ing or by leukocyte suspension labeling, up to
0.3 mg DFP/30 ml. But the disappearance
half-time was shortened in three patients when
the DFP concentration was increased (1-1.5
hr with a labeling concentration of 0.6-0.8 mg
DFP/30 ml). With the same concentration,
there is only a slight increase in cell death in
in vitro studies (Fig. 5). Thus the toxic effect
of DFP on granulocytes seems to be more
important in vivo than in vitro.

Recently, Woodin and Wieneke (30) have shown
that the DFP effect on leukocytes is not solely due
to phosphorylating proteins. DFP alters the potas-
sium pump of the cell membrane and operates as a
non-ionic detergent. Also it enhances the action of
bacterial compounds such as leucocidin. These ef-
fects could explain an in vivo fragility of *2P-DFP
labeled leukocytes.

To sum up, both mechanisms, toxicity and in-
creased 5!Cr elution by DFP, exist as shown by in
vitro studies. But these studies cannot reflect exactly
what happens in the circulation, and in vivo studies
indicate mainly a direct toxic effect of DFP on cir-
culating leukocytes

There is a good correlation between 5'Cr- and
32DFP-labeled granulocytes survival time in both
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normal and abnormal subjects which allows one to
use 32P-DFP-labeled granulocytes in homologous
infusion for a double labeling. We have already
shown that there is no difference in the granulocyte
life span of *!Cr-labeled cells with homologous and
autologous transfusion when the patient has not been
previously transfused (3). We are in disagreement
with Kauder et al (37) who found with 32P-DFP
labeling a shorter mean T,,. in homologous trans-
fusion than in autologous transfusion. But on exami-
nation of their report, it is found that of 12 subjects
studied with homologous transfusion, seven had a
granulocyte disappearance half-time in the normal
range and five well below the normal limits (0.6-2
hr—mean 1.4 hr, normal range 4—-10 hr—mean 6.7
hr). We had the same results with 51Cr labeling for
homologous transfusion (3) (either normal values
of disappearance half-time, or values of 0.5-2 hr
when T,,. was short, without any intermediary
value). Such results have already been observed for
red cells and platelets after in vitro labeling. In our
studies of leukopenias with double homologous and
autologous granulocytes labeling, only four patients
out of 30 had a shorter disappearance half-time of
normal homologous leukocytes than the time corre-
sponding to the disappearance half-time of "!Cr
autologous granulocytes. In two of these cases, cir-
culating antibodies for the infused granulocytes could
be found by immunological assays.

The good correlation between the disappearance
half-time of %!Cr- and *?P-DFP-labeled granulocytes
in normal and pathological conditions (Fig. 7) per-
mits a double study to be performed simultaneously.
This study is only valid if the T,,, of both labels
are compared with the normal values for each
method. In leukopenic patients, several mechanisms
can be involved (3) and a shortened disappearance
half-time of autologous granulocytes can be due to
either corpuscular or extra-corpuscular destruction.
The study of homologous normal granulocytes is, in
these cases, essential. For reasons developed in the
first part of this paper, it is difficult to perform two
studies consecutively in a short time, unless one
uses only 32P-DFP (6). But *'Cr, as a polymorpho-
nuclear label, has the great advantage of allowing
external counting, as described in a previous paper
(3). The study is longer than with 32P-DFP labeling
and cannot be repeated until several weeks later,
because of the lymphocyte activity if one wishes a
study with homologous normal granulocytes. The
double labeling, 5Cr on autologous granulocytes
and 32P-DFP on homologous normal granulocytes,
is a valuable method for studying granulocyte abnor-
malities. As we had already suggested (3), quali-
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tative abnormalities of granulocytes are not an un-
common discovery in chronic leukopenias, either
congenital or acquired. These abnormalities can only
be demonstrated by comparing autologous and ho-
mologous granulocyte life span in the circulation.

SUMMARY

Comparison between the disappearance half-time
of 5!Cr and 32P-DFP in vitro labeled granulocytes
shows that *!Cr T,,. is always longer than *?P-DFP
T,,. in normal subjects. This discrepancy has been
studied by double-labeling methods and is due, on
the one hand, to an in vivo elution of 3?P-DFP and,
on the other hand, to a direct toxicity of 3*P-DFP for
the labeled granulocytes. However, there is a good
correlation between the T,,. of granulocyte disap-
pearance from the circulating pool as measured by
the two tracers in separate labeling in normal sub-
jects and in some pathological conditions. This fact
makes possible a double-labeling method, *!Cr on
autologous granulocytes and *2P-DFP on homologous
normal granulocytes, for the study of leukocyte ab-
normalities, corpuscular, and extra-corpuscular de-
struction and leukocyte iso-immunization.
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