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Figure
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The total cumulative oxygen consumed polymorphonuclear leukocytes in response to the
addition of latex is shown for each of the control subjects
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The total cumulative oxygen consumed polymorphonuclear leukocytes in response to
the addition of latex is shown for each of the exposed subjects
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Two seiarate cumulative oxygen consumption curves are plotted for exposed subject

(MF ) in response to latex
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The total cumulative oxygen consumed polymorphonuclear leukocytes in response to the
addition of E. coli endotoxin is shown for each of the control subjects
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The total cumulative oxygen consumed polymorphonuclear leukocytes in response to the
addition of E. coli endotoxin is shown for each of the exposed subjects who was tested
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SUMMARY

The functional integrity of the peripheral blood
leukocytes of 10 heavily exposed subjects and 10
matched controls in the ABCC-JNIH Adult Health
Study in Hiroshima was evaluated by means of
measuring oxygen consumption following the addition
of latex particles and Escherichia coli (E. coli)
endotoxin, and through the measurement of sensitized
and unsensitized starch granule phagocytosis. These
studies were performed between December 1961 and
June 1962.

There was no significant difference in the responses
of leukocytes from exposed subjects as compared to
the leukocytes from the controls following the
addition of latex particles.

The ultimate response of leukocytes from exposed
subjects to the stimulus of E. coli endotoxin was
comparable to that of the controls. Depressed early
response in 5 of 10 exposed and 1 of 10 control
subjects was observed. Interpretation of this observa-
tion is unclear at the present time.

No evidence of radiation related impairment of
starch granule phagocytosis was observed.

The results of these studies fail to demonstrate any
late radiation related functional impairment of
peripheral blood leukocytes during phagocytosis. The
serum related changes were inconstant and probably
were of little significance.

E o

IS8 @ ABCC — F W e ABEBE S B L T v 5 w4 it
WEEHIOA B LU F N A b2 BE10A 0 FHm
EMIREERE D B+ 240, 5797 AT & L0k
BRGSO B W W O B % 5 Oz Ik, JEREfE
BT R R AREOMES 7o/, ZOFEIZ1961412A
2519624 6 A £ T Mz =L 7.

7Ty 7 ARFESINEE O A MER O RRG12 3 8RE  iE
HEEOMIZEBELZE S h 7~

RS O FIER & KI5 A B R TR L B o A i R
BEHBEDZNITHEPL T A, HIEI0OATRS A,
AEEFIOA T 1 ACHMIEEOE T 28R s hrs, B
DEZL, ZOBEZEEL VAPIIERT 2L THT
b5,

BB BEORE B BE (S BT R & PR A B PR IR IZ 2R
Lol

COMEOFRTIE, A E R0 0
HELMES SMERMoBD SN Ao, MM
HMUATE—ETEL, BEEEAYERIEZVLD
EBb2,

*Surgeon, U.S. Public Health Service, Division of Radiological Health, Research Branch, assigned to ABCC
A 2% e 1T A5 SR B A A IR BR P T 28 SEPI PR R E B, ABCC ~ iRl



INTRODUCTION

The purpose of this 1961-62 study was to evaluate
certain aspects of peripheral blood polymorphonuclear
leukocyte function in a group of ABCC-JNIH Adult
Health Study (AHS) subjects who had been heavily
exposed (tentative 1965 dose estimates 600 or more
rad} to the A-bomb in Hiroshima 17 years previously.
The specific functions examined were some of those
which relate to the role of leukocytes in host
bacterial defense. Increase in oxygen consumption
was studied in response to the phagocytosis of
polystyrene latex particles and exposure to gram
negative endotoxin. The phagocytic capacity of
peripheral blood leukocytes was measured by means
of a quantitative evaluation of starch granule uptake.

The acute radiation syndrome in the heavily irradiated
survivors of the Hiroshima A-bomb was characterized
by bone marrow depression usually lasting from 8 to
9 weeks.! Recovery was associated with return of
the peripheral blood leukocytes to normal concentra-
tions without evidence of a specific radiation effect.
Some of the irradiated subjects developed leukemia,
but little is known about the functional integrity of
the leukocytes of those who did not develop this
disorder. There is no direct evidence of disturbed
leukocyte function other than the impression of
some observers that exposed survivors may have
increased predilection to the development of
bacterial infections.

Evidence has been obtained that for a given degree of
neutropenia, mortality was greater in Hiroshima than
in Nagasaki?> It was suggested that the heavier
neutron damage may have resulted in additional
injury to the Hiroshima subjects. For these reasons it
was felt that if latent leukocyte injury was to be
detected the heavily exposed in Hiroshima would be
the most suitable subjects. The techniques employed
in this study measured only a few of many phases of
leukocyte function, but the sensitivity and reproduci-
bility of the methods suggested that they might be
valuable for a study of this type.

MATERIALS AND METHODS

Leukocyte respiratory response to phagocytosis of
polystyrene latex particles and exposure to Escherichia
coli (E. coli) endotoxin was evaluated in 10 apparently
healthy adults in the AHS in Hiroshima, each of
whom had a history of heavy A-bomb exposure. A
quantitative evaluation of starch granule phagocyto-
sis also was made. Similar tests were performed on 10
apparently healthy nonexposed control subjects who
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TABLE 1 HIROSHIMA EXPOSED AND CONTROL SUBJECTS BY AGE, SEX,
AND T65 DOSE ESTIMATE

1 IRBOBEE S LU R

Hfn, M, T 6585 HE A A

Control Fipted
Mo :Tglea = MF No. ﬁ’; Sex Tsrsadnose
: ’ 4 F 669
- : 15 3 668
o . 16 B 696
o ’ 18 5 625
- N 19 F 892
i M 19 M 623
2 ’ 31 B 925
= ’ 33 F 669
" 4 37 F 652
> Y 51 M 1262

were matched for age and sex with those exposed.
All tests were performed between 1 December 1961
and 30 June 1962. The characteristics of the
sample are shown in Table 1.

Approximately 20 ml of blood were drawn from an
antecubital vein of each subject into a sterile syringe
coated with mineral oil. The blood was mixed
immediately with dilute heparin to a concentration of
approximately 5 units of heparin per ml of blood.
Total and differential leukocyte counts of this
mixture then were determined. The testing procedure
was basically that described by Strauss and Stetson®
for whole blood with each determination on the
Warburg apparatus being done in triplicate.

A 10% suspension of polystyrene latex particles with
a mean particle size of 0.802 micron diameter was
diluted with equal amounts of Ringer’s solution.
Lipopolysaccharide endotoxin of E. coli was suspend-
ed in Ringer’s solution to a concentration of 10 mg/ml.

Oxygen consumption was measured by the direct
method of Warburg with 0.2 ml of 5% potassium
hydroxide in the center well. The fluid phase
consisted of 2 ml of the whole blood-heparin mixture
described previously. The gas phase was room air.
Sidearm contents were 0.2 ml of Ringer’s solution
for the basal studies and 0.2 ml of either the E. coli
endotoxin suspension or the latex particle suspension
described above. The number of particles of latex
per white blood cell was in the range of 80 to 250.
The flasks were kept at a constant temperature of
37 C and were shaken at 156 oscillations per minute.

After 60 minutes in the Warburg apparatus, the
sidearm contents were added and manometric read-
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ings made at 15, 30, 60, 90, and 120 minutes. Basal
flask readings at the appropriate times were sub-
stracted from those of E. coli endotoxin and latex
flasks and the results were expressed as millimoles of
oxygen consumed per 1x10° polymorphonuclear
leukocytes.

Polymorphonuclear leukocyte phagocytosis was deter-
mined according to a modification of the starch
granule method described by Nelson and LeBrun.*
A stock rice starch granule solution was prepared
from rice starch powder (Fisher Scientific Company)
to a concentration of 0.3 mg starch powder/ml of
normal saline. This solution was kept refrigerated and
was sonicated for 5 minutes daily before use. One ml
of a 1:8 dilution of the stock rice starch solution then
was added to 2 ml of whole venous blood. The final
ratio of rice starch to granulocytes ranged from 5:1
to 10:1. Total volume of the incubation mixture
was 3.0 ml. Cover slip smears were prepared from
this reaction mixture at time O and at the end of 30
minutes’ incubation at 37 C. The smears were stained
with Wright-Giemsa stain and the percent of granulo-
cytes containing starch granules was determined
through counting at least 100 cells.

RESULTS

Leukocyte oxygen consumption results in response
to the phagocytosis of polystyrene latex particles are
shown for the control and exposed groups in Tables
2 and 3, respectively. Figure 1 shows the individual
and mean cumulative oxygen consumption curves for
the control subjects during latex particle phagocytosis.
Figure 2 superimposes on the control range the
individual and mean cumulative oxygen consumption
curves for the exposed subjects in response to latex
particle phagocytosis. In only one of the exposed
subjects (MF ) was oxygen consumption
below the control range in response to phagocytosis.
These studies were repeated on this subject on two
separate occasions with similar results (Table 6 and
Figure 3). Oxygen consumption during phagocytosis,
however, was returned to the control range when
1 part of fresh serum from a healthy blood group AB
donor was added to 5 parts of test blood prior to the
phagocytosis study.

Leukocyte oxvgen consumption results in response
to the addition to E. coli endotoxin are shown for
the control and exposed groups in Tables 4 and 5,
respectively. Individual and mean cumulative oxygen
consumption responses to E. coli endotoxin are
shown for the control subjects in Figure 4. The
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TABLE 2 LEUKOCYTE OXYGEN CONSUMPTION DURING PHAGOCYTOSIS IN HIROSHIMA
CONTROL SUBJECTS IN RESPONSE TO THE ADDITION OF LATEX PARTICLES

F#2 FT vy ARFEHMEOEERD OB mEREE RN R R — R

Millimoles of oxygen consumed /10 PMNs at various intervals following

MF No. addition of latex*
15 min 30 min 60 min 90 min 120 min Total
0.00 2.17 3.58 333 3.41 12.49
1.49 2.56 5.12 6.60 6.39 22.16
1.46 2.92 4.22 5.10 5.38 19.08
114 2.50 3.61 3.24 3.80 14.26
0.11 2.06 2.74 3.66 342 11.99
0.15 1.36 3.32 3.48 3.78 12.09
1.12 2.24 3.38 3.38 3.79 13.91
0.57 1.56 3.26 4.11 4.67 14.17
0.17 2.54 3.21 3.88 321 13.01
1.60 2.76 3.92 4.36 4.94 17.58
Mean 0.78 227 3.64 4.11 4.28 15.074

*Expressed as oxygen consumed in excess of 106 nonphagocytizing polymorphonuclear
leukocytes at the same incubation intervals.

TABLE 3 LEUKOCYTE OXYGEN CONSUMPTION DURING PHAGOCYTOSIS IN HIROSHIMA
EXPOSED SUBJECTS IN RESPONSE TO THE ADDITION OF LATEX PARTICLES
#£3 77 v 7 AKTHEMNEO RO B DBk EE I %R — R

Millimoles of oxygen consumed ;’106 PMNs at various intervals
following the addition of latex*

MF No.
15 min 30 min 60 min 90 min 120 min Total
1.32 271 4.62 5.20 5.68 19.53
0.27 3.06 4.65 5.18 5.18 18.34
1.23 3.39 4.63 5225 5.55 20.05
0.50 1.83 4.65 3.64 1.49 12.11
0.44 2.05 3.37 4.10 4.54 14.50
1.85 2.62 3.54 3.86 3.86 15.73
0.75 1.49 242 2.24 3.17 10.07
0.00 2.30 4.98 4.23 6.18 17.69
1.27 3.14 540 5.20 6.18 21.19
0.57 2.27 4.26 3.69 4.83 15.62
Mean 0.82 249 4.25 4.27 4.66 16.483

*Expressed as oxygen consumed in excess of I 06 nonphagocytizing polymorphonuclear
leukocytes at the same incubation intervals.



TABLE 4 LEUKOCYTE OXYGEN CONSUMPTION IN HIROSHIMA CONTROL SUBJECTS
IN RESPONSE TO THE ADDITION OF E. COLI ENDOTOXIN

4 KIGEHAEIREINGE O A MERE: 350 90— En

Millimoles of oxygen cons.umed,/m6 PMNs at various intervals following
the addition of endotoxin*

MF No.

15 min 30 min 60 min 90 min 120 min Total

0.25 0.50 0.67 1.00 1.50 3.92

1.92 1.92 1.92 2.34 2.98 11.08

0.15 0.58 1.04 1.60 1.46 4.83

0.18 0.65 0.83 0.56 0.74 2.96

0.34 0.00 0.23 1.48 0.23 2.28

0.30 0.15 0.30 0.45 1.06 2.26

0.28 0.42 0.84 0.84 0.98 3.36

—0.28 0.00 0.57 1.98 212 4.39

0.84 0.17 1.18 0.84 1.01 4.04

0.15 0.29 0.87 1.74 1.32 4.37
Mean 0.41 0.47 0.75 1.28 1.34 4.349

*Expressed as oxygen consumed in excess of | 06 control polymorphonuclear leukocytes
at the same incubation intervals without addition of E. coli.

TABLE 5 LEUKOCYTE OXYGEN CONSUMPTION IN HIROSHIMA EXPOSED SUBJECTS

IN RESPONSE TO THE ADDITION OF E. COLI ENDOTOXIN

#5

RNV B P BE FE RN 1 o0 1 I ER e R T ik — R

Millimoles of oxygen consumed/106 PMNSs at various intervals following

the addition of endotoxin*

MF No.

15 min 30 min 60 min 90 min 120 min Total

0.29 0.37 117 1.61 2.20 5.64

0.13 0.66 1.46 2.40 0.53 5.18

-0.38 1:23 1.23 2.16 3.39 7.63

—1.00 0.50 2.32 1.98 1.33 5.13

—0.44 -0.15 0.44 0.44 0.73 1.02

0.61 0.92 1.69 1.85 2.16 7.03

0.00 0.00 0.56 0.75 0.93 2.24

-0.98 —0.65 0.98 1.30 2.30 295

0.10 0.10 0.88 1.47 1.47 4.02

-0.57 -0.28 0.57 0.57 1.98 2.27
Mean —0.22 0.27 143 1.45 1.70 4.331

*Expressed as oxygen consumed in excess of 1 0% control polyvinorphonuclear leukocytes
at the same incubation intervals without addition of E. coli.
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MILLIMOLES OF Op CONSUMED
PER 1 X 106 POLYMORPHONUCLEAR LEUKOCYTES

MEAN

90 120

TIME IN MINUTES FOLLOWING ADDITION OF LATEX

FIGURE 1 The total cumulative oxygen consumed in millimoles per 1 X 100 polymorpho-
nuclear leukocytes in response to the addition of latex is shown for each of the control
subjects. The heavy black line is the mean value for the entire group.

[ 1

individual responses of the exposed subjects in
relationship to the control range are shown in Figure 5.
It is clear from these studies that total oxygen
consumption in all exposed subjects in response to
E. coli was within the control range. The early
responses in the control and exposed subjects were
somewhat different, however. Oxygen consumption

in 5 of 10 exposed subjects during the first 15
minutes was less with added endotoxin than in those
flasks without endotoxin. This relationship continued
in 3 of the 5 during the next 15 minutes. The

eventual total oxygen consumption was considerabl

below the control range in one subject (MF q;
and only slightly below the control range in another
(MF h One control subject (MF )
showed moderate depression at 15 minutes only, but

the 2 hour cumulative consumption was well above
the median for the group.

The results of the starch granule phagocytosis in
comparison to the oxygen consumption studies are
shown for the control and exposed subjects in
Table 7. Both unsensitized and sensitized starch
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FIGURE 2 The total cumulative oxygen consumed in millimoles per I X 109 polymorpho-
nuclear leukocytes in response to the addition of latex is shown for each of the exposed
subjects. The heavy black line is the mean value for the entire group. The shaded area

represents the control range.
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granule phagocytosis was comparable for each group.
Only one exposed subject (MF ) had a
sensitized starch uptake of less than » In compari-
son to three of the controls. It also should be noted
that the single exposed person with a low uptake of
sensitized starch had latex and E. coli endotoxin
oxygen consumption values which were well within
the control range.  Furthermore, it should be
emphasized that both exposed subjects (MF ;
MF ) with reduced oxygen consumpiion
response to E. coli endotoxin had excellent phago-
cytosis of sensitized starch.

DISCUSSION

The results of this study do not indicate any
consistent defect in either phagocytosis or the
response to phagocytosis of the peripheral blood
leukocytes of a group of heavily exposed Hiroshima
subjects. Minor and somewhat inconsistent variations
from the control range were noted in a few
individuals, but there was no evidence that any of
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FIGURE 3 Two separate cumulative oxygen consumption curves are plotted for exposed

subject (MF ) in response to latex (cu

mes 1 & 2). The shaded area shows the

control range. Following the addition of human AB serum there was prompt return of the
oxygen uptake curve to well within the control range (curves 3 & 4).
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these disturbances were the result of intracellular
injury.

The techniques employed in this study were found
to be reliable and reproducible when oxygen con-
sumption was calculated per absolute number of
polymorphonuclear leukocytes, although variation
with E. coli endotoxin was considerably greater than
with latex. The resting response of the control and
exposed subjects fell into a fairly narrow range in
spite of some individual variation in the number of
granulocytes in each flask. It should be emphasized,
however, that resting oxygen consumption in each
flask was a function of all formed elements present,
most of which is thought to be due to leukocyte
respiration.3 The addition of latex particles or gram
negative endotoxin to the blood samples in the
flasks resulted in a rapid increase in the rate of
oxygen consumption during the ensuing 60-90
minutes of incubation as compared to the basal rate.
This increase in oxygen utilization is believed due
entirely to accelerated metabolism of the granulocytes
and monocytes associated with increased aerobic

MR EOBECHL L LV I BIEEE L o .

KSR EEE AR E R, Ty 7 AERARKED
Wk AEWA B A, SHAMKROMGEGEIZETY
TERENBRLAHELASES, FRETHVALEE
%ﬁ@ﬁ;ﬁﬁﬁ%wﬁu:tﬁh#ot.KEE%W
DRI ETFOEAE o Itbrrbe T, M
%ﬁﬁ;ﬁﬁ%%tm%ﬂﬁﬁﬁmm%mﬁ&ﬂﬁwﬁ
@Wcﬁot.LﬁL,ﬁmE%WuﬁwaﬁMﬁﬁ&
ERHURIE, FOLHEATATATOERAROMET
AL EBmELAVY, ZTOTROIELAEHAMER
Rz kB EELANTVD,? G 45 e N o0 Il i 1S
Sy s ARTEAE YT LBHEENEREMLS L,
Z i 060 — 9055 BT b 72 B HEHE i 1z B RN B3R AT AR
$CRNT%EKLﬁLt.:m@$HﬁﬂWMMW
%oﬁéﬁﬁ%¢®ﬁﬁﬁ%%®%ﬁu%WLfﬁﬁﬁ
BrUBHORHPRESNLZZLIZES LEIZILNT



15

10 +

MEAN

- 1
0 30

MILLIMOLES OF 09 CONSUMED
PER 1 X 106 POLYMORPHONUCLEAR LEUKOCYTES
o
T

60

90 120

TIME IN MINUTES FOLLOWING ADDITION OF ENDOTOXIN

FIGURE 4 The total cumulative oxygen consumed in millimoles per 1 X 106 polymorpho-
nuclear leukocytes in response to the addition of E. coli endotoxin is shown for each of the
control subjects. The heavy black line is the mean value for the entire group.
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glycolysis during phagocg,rtosis.&8 Thus, the amount
of extra oxygen consumed following stimulation
provides a suitable means for comparing the leukocyte
metabolic response of one person with another. In
effect, each subject is his own control and compari-
sons of the increment of response are made.

The ability of leukocytes to phagocytize particles
depends not only on their functional integrity but
also the extent to which the particle is opsonized
by complement and antibody. The opsonization of
starch particles is essential for the phagocytosis,4
but these factors probably are of less importance for
latex particle ingestion. It is known, however, that
latex particle phagocytosis is reduced in patients with
hypogammaglobulinemia.3 The increased oxygen
consumption following the addition of latex indicates
leukocyte functional integrity for both phagocytosis
and the intracellular metabolic response to phago-
cytosis within the range of sensitivity of the technigue.
All but one of the exposed subjects (MF )
showed an increase in oxygen consumption following
the addition of latex within the control range.
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FIGURE § The total cumulative oxygen consumed in millimoles per 1 X 100 polymorpho-
nuclear leukocytes in response to the addition of E. coli endotoxin is shown for each of the
exposed subjects who was tested. The heavy black line is the mean value for the entire
group. The shaded area represents the control range.
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Repeat determinations on this subject were performed
on two separate later occasions. Each showed
moderate reduction in the oxygen consumption
response to latex, but following the addition of
fresh AB known serum to the blood and latex
particles, the response returned to well within the
control range. Fresh AB serum added to this subject’s
blood without latex did not increase oxygen con-
sumption. This indicates that subject MF

may have been deficient in a complement component,
an immunoglobulin or some other extracellular factor
of importance to the phagocytosis of latex and that
the granulocytes were capable of a normal phagocytic
response. It is of interest that this individual gave a
history of frequent colds and sore throat during
childhood and through later life, suggesting that some
defect in resistance to infection preceded exposure to
ionizing radiation.

The latex studies are based on the premise that
following the addition of latex to whole blood the
increased oxygen consumption is in response to
phagocytosis and not alteration in oxygen consump-
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TABLE 6 EFFECT OF ADDED FRESH CONTROL SERUM ON LE TE PHAGOCYTOSIS
OF LATEX PARTICLES IN THE BLOOD (MF )

%6 FEEAERMIREINO M 7 7 o 7 s+ 5 e e o gy s eI

Millimoles of oxygen conlsuxnecl/l()6 PMNs at various intervals
following the addition of latex

Test
15 min 30 min 60 min 90 min 120 min
First
Latex only 0.75 1.49 242 2.24 3.17
Latex and control serum  0.90 2.84 4.34 4.49 4.94
Second
Latex only 0.00 0.45 3.89 3.29 2.99
Latex and control serum  0.21 2.98 2.34 3.62 4.26
TABLE 7 SUMMARY OF ALL LEUKOCYTE TESTS
#7 TATOAMERBERERED N
Phagocytosis
MF No. Latex™ E. coli endotoxin*

Unsensitized starch Sensitized starch

Control
12.5 3.9 52% 60 %
22.2 11.1 81 84
19.1 4.8 79 81
14.3 3:0 76 81
12.0 2:3 69 65
124 2.3 72 83
13.9 3.4 52 80
14.2 4.4 62 72
13.0 4.0 79 85
17.6 4.4 91 81
15.1 4.3
Exposed
19.5 5.6 13 84
18.3 5.2 46 39
20.1 7.6 89 80
12.1 5:l 68 83
14.5 1.0 62 86
15.7 7.2 83 89
10.1 2.2 83 84
17.7 3.0 75 86
2.2 4.0 58 80
15.62 2.3 67 87
Mean 16.5 4.3

*Total millimoles of oxygen comsumed/1 00 PMNs in 2 hours following the addition of either latex
or E. coli endotoxin.
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tion of lymphocytes, platelets, or erythrocytes.® Of
particular concern are the lymphocytes, but these
are believed to be incapable of phagocytizing latex in
a study of this type. Differences in the increment of
oxygen consumption with phagocytosis involving
neutrophils, basophils and eosinophils are not known,
but it is unlikely that either basophils or eosinophils
play a significant role because of their small numbers
and limited phagocytic capacity of eosinophils.” On
the other hand, monocytes do phagocytize avidly
and respond much like the polymorphonuclear
leukocyte.® Wide variations in the proportions of
these cells in individual flasks could introduce some
error if each cell type responded differently to the
introduction of latex. In these studies, however, the
distribution of cell types was comparable in the
control and exposed subjects (Table 8). The ratio of
latex particles to potentially phagocytic cells in each
flask ranged from 80:1 to 250:1. This high ratio
introduces a safety factor in terms of differences in
the absolute numbers of leukocytes which varied by a
factor of three or four. Maximum opportunity for
phagocytosis probably is offered if the number of
latex particles is at least 10 to 20 times the number
of leukocytes.

The results of the oxygen consumption responses to
gram negative endotoxin are more provocative and
more difficult to interpret than are the latex data.
Strauss and Stetson® have indicated clearly that
oxygen consumption of the red blood cells, platelets,
and lymphocytes is not increased following the
addition of gram negative endotoxin. The increased
oxygen consumption with whole blood to which
E. coli endotoxin has been added presumably is due
to increased metabolic activity of granulocytes and
monocytes. The precise mechanisms involved in this
stimulation are not known, however.

The ultimate increased amount of oxygen consumed
by leukocytes after 60 to 90 minutes of incubation
with E. coli endotoxin was not significantly different
in the exposed and control subjects. For 5 of the 10
exposed subjects, and one of the control subjects,
however, the 15 minute response was significantly
depressed with persistence of this depression through
30 minutes of incubation for 3 of the 5 exposed
subjects. Thereafter, the metabolic activity of these
cells increased rapidly, and the increased oxygen
consumption occurred within the normal range. The
significance of this early depression is not clear and
deserves further investigation. It may represent
evidence of transient cell injury in response to
endotoxin followed by rapid recovery. It is not clear,
however, just why the leukocytes from some of the
heavily exposed subjects were almost exclusively
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TABLE 8 TOTAL AND DIFFERENTIAL LEUKOCYTE COUNTS FOR EXPOSED AND CONTROL SUBJECTS

#8 WEHAHBE CH BRI BT A QMBS e & U iR
4 Differential leukocyte count in %
MF No. WBC/mm
Segs Nonsegs Lymphs Monos Eos Baso
Control
5600 56 7 27 5 ) -
5250 54 11 29 4 1 1
5550 59 1 35 4 — 1
4600 71 1 22 6 - -
4400 51 3 38 4 1 1
8200 66 7 21 6 -
5450 42 1 41 ) 10 1
7300 59 1 31 5 2 2
9950 50 4 40 4 2 -
6350 51 5 41 1 1 1
Exposed

5150 67 6 21 3 3 -
7000 41 2 47 8 2 -
5650 59 - 34 5 2 —
3950 29 12 81 5 2 1
5100 55 12 25 6 2 -
4200 34 8 47 7 2 2
5500 53 6 29 6 5 1
4950 31 - 57 9 3 -
7500 68 2 24 § 1
9350 68 5 18 6 3 -

affected. It is tempting to suggest that this might
represent evidence of latent leukocyte injury, but in
such a small group of subjects it may represent normal
variation. Strauss and Stetson® showed no depression
of respiration at 30 minutes following the addition of
endotoxin, and the 15 minute period was not given.

The starch granule phagocytosis data are comple-
mentary to the results of the latex and endotoxin
studies. Most of the Hiroshima control and exposed
subjects showed suboptimal phagocytosis with un-
sensitized rice starch. This suggests a prevalent
deficiency in serum opsonizing components for rice
starch which is not radiation related since phagocyto-
sis was greatly improved with both groups when
sensitized starch was used. It must be appreciated,
however, that this study is small and there is little
justification for the development of broad conclu-
sions. More important is the fact that virtually all of
the heavily exposed subjects showed excellent phago-
cytosis of sensitized starch. This implies a normal
mechanism for the ingestion of particles comparable
to starch.
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