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SUMMARY. A total of 254 male and female subjects of the ABCC-JNIH Adult Health Study population
were examined for changes in circulating leukocytes before and after moderate exercise. The exercise
was an augmented two-step test used routinely for cardiac evaluation. None had post-exercise ischemic
electrocardiogram changes.

An immediate increase in mean pulse rate (70.2 to 120.6/min) was obtained. The group showed increased
means for total white blood cell count, mature granulocytes, and lymphocytes by 33%, 20%, and 60%
respectively (for each, P<.001). There was no relation to A-bomb radiation dose when pre- and post-
exercise counts were compared. For granulocytes there was good correlation of incremental change with
initial granulocyte and lymphocyte counts and age, but not with change in pulse or radiation dose.

This test measures circulating cells rather than bone marrow function. The observation that the circu-
lating granulocyte pool is similarly reactive to exercise stimulation in A-homb survivors and controls does
not rule out radiation-induced changes in the bone marrow. Changes in lymphocytes, while striking, are
difficult to interpret because of their extramedullary functions. Comparison with other stimulating tests
are discussed.
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INTRODUCTION

Hematologic disease surveillance has been the most
enduring project in the study of delayed effects of the
1945 A-bomb radiations at ABCC. Recent work has
reconfirmed the increased risk of leukemia in survivors
who received significant amounts of radiation and especially
in those younger than 40 at the time of the bomb (ATB). !
It was also reported that there is no evidence that the
risk of leukemia had returned to control levels even
15-21 years after exposure to the A-bomb.! However,
other related conditions such as aplastic anemia and
lymphoma have not been found uniformally increased
among A-bomb survivors >** nor has leukemia been noted
to be increased in their offspring. *

While there are leukemia risk factors other than radi-
ation,® efforts to delineate premorbid aspects have
revealed only nonspecific changes in peripheral blood. ®
Thus, among apparently healthy survivers the late effects,
if any, of A-bomb radiation on nonneoplastic bone marrow

and circulating white blood cells (WBC) is unknown.

To assess functional changes in WBC and, especially,
granulocytes in the circulation, survivors and controls
were tested by exercise stimulation. The purposes were
to evaluate the Master's two-step test’ as a moderate
exercise which is safe, simple, and acceptable to clinic
subjects, and to determine if post-exercise WBC and
granuloeyte changes differ between A-bomb survivors with
varying radiation dose from nonirradiated controls. In
addition a more complete cardiac profile on tested subjects

would be obtained.

SUBJECTS AND METHODS

Healthy, ambulatory males and females < 45 years of age
were selected by the ABCC clinic physicians from 586
suhjects in the Adult Health Study ® population undergoing
routine. biennial examinations at the ABCC clinic in
Hiroshima over a 5-month period during 1970. This
cohort consists of survivors of the A-bombs of 1945 and
Y The clinic routine consists
of a complete physical examination, selected laboratory
tests, and a standard chest X-ray. The majority of
subjects have been examined at 2-year intervals since
1958, The Master's two-step tests performed during these
regular clinic visits for the present study are described
below.

age-sex matched controls.

To compare hematologic results of exercise between
4-homb survivers and controls, an assigned individual
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radiation dose (T65D)!° is employed. This dosimetry is
based on long-term studies by physicists at Oak Ridge
National Laboratory. ''12

Table 1 shows the status of eligibility for Master’s two-step
test and acceptance of the test by sex and age at exami-
nation. The exercise test for this study was completed
by 254 subjects (68 male, 186 female).

ah/. Zo@EHEE L, Oak Ridge National Laboratory
OMBEZEFEBIZbZ>THELEBEB 2L EIZLT
To-booTHhs. 102
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TABLE 1 NUMBER OF SUBJECTS, MASTER'S TWO-STEP TEST, ADULT HEALTH STUDY SAMPLE, HIROSHIMA

#F 1 Master @ 2BEEAMBABMOPRE N, SARENESRSE, B
%ﬁaen.:t = = RE;hgt:le L 5 e Ineligible Total &
xamine eruse I'UPPE e 2
R RS gk # HEH B ok wo ks i
Males 53
20-29 6 50.0 0 0.0 1 8.3 5 41.7 12 100
30-39 30 50.0 2 3.3 6 10.0 22 36.7 60 100
40-45 32 48.5 2 3.0 T 10.6 25 37.9 66 100
Total it 68 49.3 4 2.9 14 10.1 52 37.7 138 100
Female %
20-29 16 38.1 4 9.5 9 21.4 13 31.0 42 100
30-39 60 41.4 9 6.2 29 20.0 47 32.4 145 100
40-45 110 42.2 14 5.4 23 8.8 114 43.7 261 100
Total it 186 41.5 27 6.0 61 13.6 174 38.8 448 100
Male & Female %% it
20-29 22 40.7 4 7.4 10 18.5 18 33.3 54 100
30-39 90 43.9 11 5.4 a5 17.1 69 33.7 205 100
40-45 142 43.4 16 4.9 30 9.2 139 42.6 327 100
Total it 254 43.3 31 5.3 75 12.8 226 38.6 586 100

*Subject not available, technical difficulty in drawing blood, or technical error in testing.

HEE S, HAE IR EE,

There was a greater percentage of technical error causing
exclusion from analysis among females 20-39 years old.
This seemed to be due to difficulty in drawing blood in
females. The examination refusal rate was also greater
among females, but the rate was about 5% as a whole.
Approximately the same rate of ineligibility for health
reasons among males and females was encountered
(37.7% vs 38.8%). Reasons for declaration of ineligibility
by the ABCC clinic physician were examined. For males
the rank order of the highest five of these are cardio-
vascular diseases (44.2 %), tuberculosis and undiagnosed
symptoms (each 11.5%), and diseases of the nervous or
respiratory systems (each 7.7%). In females ineligibility
for exercise testing was attributed to cardiovascular
diseases (29.9 %), diseases of blood (predominantly anemia,
24.7 %), undiagnosed symptoms (9.8 %), metabolic diseases
(8.6 %), and muscular diseases (5.8 %).

EWARESS S TR SRR MRS N 5

B, REMAEELO L0390 LTFHAr 40 R
Frsitahiz, 2hiE, ©T72»50FLAKETH
BZLIzERTALEEDLNS. BMELBEELAOIE LT
Eh oW, EHRELTHRASRIITESLD . &
P, BEELOEEA S Tl L ENAbOEBRE HIZE
[Rl3 (37.7%#38.8%) TH 7. ABCC DR » 7
RO R L BRI oW HREAMAE . BTOHBA
CHETAHBEFSVIEICIA SIS &, O MR R
(44.2%) , B LUBHREOEIR (£11.5%), &R
FRPRSERER(E7.7%) THY, KTFOHELOK
MRS (29.9%), MgEFES (EL L THRM, 24.7%),
BWMARENDEIR(9.8%), RHREE(8.6%) 5LV
HIAKER(5.8%)Th- 1.



TABLE 2 NUMBER EXAMINED BY T65 TOTAL DOSE, SEX & AGE

# 2 Toeoismdt, , FEMPOMEE
Age T65 Dose @it rad Total
%
Eh Unk w200+ ® 19000 % 991 x <1 g Notineity o g
B M T
Male %
<30 1 20.0 - 2 8.0 2 12.5 Tal 6 8.8
30-39 1 33.3 1 20.0 1 20.0 13 52.0 6 37.6 8 57.2 30 44.1
40-45 2 66.7 3 60.0 4 80.0 10 40.0 8 50.0 5 35.7 32 47.1
Total # 3 100.0 5 100.0 5 100.0 25 100.0 16 100.0 14 100.0 68 100.0
Female %
<30 - - 1 i 2 13.3 6 11.8 4 8.0 3 6.4 16 8.6
30-39 4 44.4 4 28.6 2 13.3 17 33.3 15 30.0 18 38.3 60 2.3
40-45 5 55.6 9 64.3 11 73.3 28 54.9 31 62.0 26 55.3 110 59.1
Total #f 9 100.0 14 100.0 15 100.0 51 100.0 50 100.0 47 100.0 186 100.0
Male & Female % % ft
<30 - 2 10.5 2 10.0 8 10.5 6 9.1 4 6.6 22 8.7
30-39 5 41.7 5 26.3 3 15:0 30 39.5 21 31.8 26 42.6 90 35.4
40-45 7 58.3 12 63.2 15 75.0 38 50.0 39 59.1 31 50.8 142 55.9
Total #t 12 100.0 19 100.0 20 100.0 76 100.0 66 100.0 61 100.0 254 100.0

For examined subjects, the number actually exercised are
shown by dose (T65D), age, and sex in Table 2. Approxi-
mately three times as many {emales were tested in each
dose group except 1-99rad, in which the male:female
ratio is 0.5, No significant difference was found in
post-exercise heart rate responses between males and
females by dose and age, and the sexes are combined in
analyses. In addition to the routine examinations described
above, for 254 exercised subjects a post-exercise blood
specimen was drawn within 2 minutes of the two-step test.

Complete blood counts were performed by standard
Hematocrit (Wintrobe method), total WBC and
red blood cells (RBC) (average of two counts using a

methods:

MODEIL D Coulter counter), hemoglobin (cyanomethemo-
globin method of Crosby), and differential count (200 cells),
An electrocardiograph was obtained immediately before
and again after exercise, and at 3 and 5 minutes post-
exercise. Heart rate was calculated from the first post-
exercise electrocardiogram which was also examined for

ischemic changes.

The Master’s two-step exercise test was employed as a
This standard
exercise was modified to increase the likelihood that the
pulse rate would inecrease to =100/min (a desirable
indicator of effort. The number of times per minute
required to traverse the two steps was increased by 30%

stimulus to the circulating cell count.

sver the number routinely used and based on weight and
age criteria. ®

RBEOIL, ERIEHANRSK LRI -E0HEE2
IZ# BRI (T65D ), s L UHoMIZRLE. B
DRI 05 TH-/21—9rad OWBE L RINE &
BREMEILEBEE2ZHALTOREBTFONIETH -
Pz GEEHFEOCHAEIZE, WHBERS L UEREEO NI
FOTHBETHMIIFAENZEE L, BTGB L&iizon
Tk, EWHAFRAKE 27254 Az20 T,
RIAL OO EEHMEZ I N A T 2 BE BT G 3t 4 2 9 LIIN
ICIRMFEED EREL -,

SERMEREE D, HEAFECIE-THEBLA. T4
b, N7 b7y b ( Wintrobe %), # MK+ &
AR ER $ ( Coulter FH#&SED AR T 2EMEL, 7
DEHE &), MEAFER( Crosby ®3 7 v 4 b AE
ravyik) s A mRG HAE (e 200 #1200 T)
BT L A, Master 30 & #f REEO AT, Bk, 3%
BhLUSaRoOBEIIOEIMELZTL -~ O
(T %R O LB AT B L, MM (L
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To determine how the 2-minute post-exercise blood counts
compared with later samples, 10 healthy volunteers <45
vears from the ABCC staff were similarly tested. This
time venous blood was obtained at intervals of 2, 10, 30,
60, and 120 minutes post-exercise. Hematologic data for
the 10 volunteers is shown in Table 3 and Figure 1.
There was a significant increase of WBC and granulocytes
at 2 minutes post-exercise and these returned to pre-
exercise level after 10 minutes. The source of this report
was tabulated in IBM 2191 by CD 591,

W 2 EOAMERE A B OBBRIO # 1&g+ 5 7~
¥, 5T TRELZABCCHEEAFTEIOAIZDVWTH
—OMELEMRL =, JEHE 2, 10, 30, 60, 1205
FRESTHIRMAE 2 HML 2. ZOBEEI0AOMEHE%
F#I LB LIzmT. BW 2 5 M IE A M ER & TRk #c
FRELRMHAED 5N 22105 8 3B @ o R HE 1218
WL, ZOREHICHVATERO B AIZCD # 591 12
-5 % IBM Tab #2191 2 8H4E L 7.

TABLE 3 HEMATOLOGIC DATA FOR PRE- & POST-EXERCISE (10 CASES)
223 ) Al o0 W A R (10/))

Pre-exercise

Post-exercise i I f%

( Minutes %)

L Y 2 30 60 120
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
T AR PHE REEREE PHH EHEE Tl S EHM EERE P EdkE
WBC Jmm *
A I Bk 5870 1315.34 7375 1362.65 6160 1340.98 5905 1643.92 6005 1605.97 6610 1421.42

Mature gran. /mm?3
B W Bl Bk ER
Stab neut. /mm?

PR IF o BR 12.3  20.78 12.9
Lymph. Jmm 3
UPRAE: 1925.6 548,46 2963.5 968.47 2200.8
Mono. /mm 3
ULER 495.6  109.04 516.9 120.00 457.7
Eos. /mm
I B B 208.3 129.43 249.6  176.09 201.5

Stab. Eos. /mm?
FLIR 4T B 2R

Basophils /mm 3

T I Bk 24,9  34.34 49.3  57.33 40.1
RBC (108)

e I B 4.48 549 4.60 589

b (g/100 ml)

[IREE S 13.4 1.42 13.8 1.33 13.4

Hematoerit (%)

3215.7 1183.88 3572.3 1223.32 3241.7 1136.25 3422.3 1219.20 3137.5 1194.43 3617.5 966.68

26.87

665.84 1845.1 610.72 2172.8 659.48 2365.1 685.80

145.96 403.3  120.71 463.8 79.38 383.6 115,568

195.13 158.4  148.09 167.5 107.16 206.1 94.66

48.51 64.8 55.20 59.2 68.62 34.7 28.66
604 4.47 576 4.46 614 4.39 511

1.41 13156 1.24 13.56 1.40 13.4 1.41

A~z b7y b 39.8 4,49 41.1 3.90 39.6 4.10 40.0 3.65 40.3 4,25 40.0 4,12

MCHC

I 85 o O BR 0 6 3 R 33.8 738 33.6 .853 33.8 773 33.9 .796 33.7 1.08 33.5 1.06
RESULTS w R

Table 4 shows heart rate and all hematologic comparisons
between pre- and post-exercise periods for the 254
subjects.

The two-step exercise test provided sufficient effort
stimulus to increase immediately the mean heart rate from
71.2/min to 120.6/min, a highly significant change. No
significant side effects were attributable to the exercise,

F 4 \THBRE 254 A LDHIYE LU RIS R & E
Wl & AT L 1T THRBELALOTH S,

D 2 REERTEM) B, MEEE I MR EST
71,2425 120.6 FCHEICHMIMMS LA EL0HKTH-
o ZOEWICEABEIERE R, EHEOOBERBRE
TREKRBROEMIBD SN -7 BTOEFR



FIGURE 1 WBC & GRANULOCYTES FOR 10 CASES EXAMINED BY TIME POST EXERCISE
1 10601z &3 2 WM % o £ BIF R30I & 7= B I 5 & 0P WK
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and none showed post-exercise ECG evidence of coronary
ischemia. Some nonspecific ST-T changes were noted
and will be considered in another report.

All hematologic comparisons increased significantly except
immature granulocytes and immature eosinophiles. This
was true when the data were examined by sex and age.
The mean total WBC increased by 33% and mature
granulocytes by 202 when the 2-minute and pre-exercise
blood samples were compared. The mean absolute lympho-
cyte count was 60 % greater after exercise. The relation-
ships of total WBC changes after exercise with pre- and
post-exercise factors, were examined by regression
analysis with “forward selection™ of variables '* comparing
8 variables among 254 subjects examined (Table 5). It
appears that the pre-exercise mature granulocvte count,
difference of heart rate between pre- and post-exercise
periods, and pre-exercise monocyte counts were found to
be independently related to the post-/pre-exercise total
WBC ratio. No significant correlations between post-/
pre-exercise WBC changes were found with respect to
the other cell types for pre-exercise counts or age. It can
he said that the post-/pre-exercise total WBC ratios -are
higher in subjects with lower initial values for granulocytic
and monocytic cell types and the ratios are also greater in
subjects with greater differences in heart rate resulting
irom exercise.

EST—-TEARROEhAY, ZhiEBlIzRE+2F
ETHS.
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TABLE 4 COMPARISON OF ITEMS TESTED PRE- & POST-EXERCISE

F 4 OETATE O F A E E B
Average Value FH1ii Difference of Mean
ILem Exﬂminatim’ls Pre'EKETCiSE PDSt'BXC]‘CESQ bEtweeeze‘;.‘:i};eand pCSt
HFEHAE BRI o A L 2 (t test for pair)
SN0 514 5 PRl 2
(1812w T ¢t )
Heart Rate/min 301 ¥ 5% P

Pre-exercise L B Al 254 T2

Immediate post-exercise 3 ¥ 7T % 254 120.6 <.001

3 minutes post-exercise LM 3 4 7% 252% 83.9 <.001

5 minutes post-exercise JMl#) 5 5% 253 78.9 <.001

Hematology Data Ifl #% % #% % $+

RBC 1 5 (105) 218 4.28 4.36 <.001

Hemoglobin I & ¥ (g/100 ml) 219* 13.07 13.30 <.001

Hematoerit ~< k71 » b (%) 218* 39.52 40.06 <.001

WBC 1 1 2R ¥ /mm # 254 5798 7690 <.001
Mature granulocytes — B¥ ¥k FY 9 k) 58 254 3453 4152 <.001
Immature granulocytes & &Y Bk 5 254 2.0 .8 >.05
Lymphocytes URVAS: 254 1670 2683 <.001
Monocytes HEER 254 427 585 <,001
Eosinophiles I i B 254 137 169 <.001
Immature eosinophiles 3 # &Y oF f B 254 0 1.2 >.05
Basophiles LRI ER 254 24.1 26.2 <.001

* All post-exercise measurements were not performed in several subjects at the onset of the study; therefore only those with complete

data are analyzed.

BEMBLEHEOBBRE LA DV THAHBROBETNTEEBL TV EVOT, BLLABOH BT Eo W TR EFE - 5.

TABLE 5 FORWARD SELECTION PROCEDURE OF REGRESSION ANALYSIS FOR RATIO OF WBC (POST-/PRE-EXERCISE)
& 8 VARIABLES FOR 254 SUBJECTS

#5  WERE 254 AlZ0WT O AMER GRO) i STWET) &5k 0D 0% o iR 2 & 5 I 65

Correlation coefficient

Test for significance of partial

FEBY IR & correlation coefficient
Step Variable RAI MR 2o 4 Bk =
I P ¥ Multiple Partial - Dfegrge of .
2 reedom =
B " B i
I Mature granulocytes, pre-exercise LW il & n¥ 24 59 9 i 58 .3489 .3489 34,927 1, 252 <.01
2 Difference of heart rate between pre-exercise and immediate post-exercise
LR IR & T Sy - RINE 2 KA o k3 5018 3848 43.619 1, 251 <.01
3 Monocytes, pre-exercise AL ) 4T o0 i ER K 5170 1442 5.306 1, 250 <.01
4 Lymphocytes, pre-exercise EA DY SRR Y .5196 .0598 895 1, 249 >.05
5  Eosinophiles, pre-exercise TIL ) i; 00 4F i ER $ 5216 .0543 784 1, 248 >.05
6 Immature granulocytes, pre-exercise ) j o) 3 ¥4 54 Sk Bk 3% .5229 0420 437 1, 247 >.05
7 Basophiles, pre-exercise T 0 7l 0 A HE L AR ¥ .5239 .0388 371 1, 246 >.05
8 Age at examination R O 5239 0025 001 1, 245 >.05




Similar analyses were performed for factors related to
changes in granulocytes and lymphocytes for 106 A-bomb
survivors. Significant correlations between post-/pre-
exercise granulocyte ratios were found with both pre-
exercise granulocyte and lymphocyte counts and age
(Table 6). Other variables, including T65 dose and the
difference in heart rate, showed no independent relation
to these ratios. It seems that post-/pre-exercise granulo-
cyte ratios were lower in subjects with higher pre-exercise
values of granulocyte count and in the older age group.
On the other hand, the ratios were greater in those with
higher pre-exercise lymphocyte counts.

E/, BREL6 AZoWT, HERE LU VR
BUHAELLEMFROH ZETHWAD 0, FHOBER
BT o/, GHEIATO B E ) v S S L UER
AR iR SEEAT O BERIERE B L L R 4 M AR
Hohi(F6). ThHERE I LBENEL YOO
EHIE, ChoohBLEBMOMBFRIBOL AL A5
Foo GETIATICBRIER MO S OERE L SEBEHTIE,
AW SEWE O FRIREHLERIE LI TH - /2.
—%, MEEIZ) » SR HoBVWEIZFVTE, 2ok
BIFATH 7.

TABLE 6 FORWARD SELECTION PROCEDURE OF REGRESSION ANALYSIS FOR RATIO OF MATURE GRANULOCYTES
(POST-/PRE-EXERCISE) & 8 VARIABLES FOR 106 SUBJECTS WHO RECEIVED 1-399 RAD

#6 1—399 rad OB E 2 EEEE 106 A2 W T O EE SRR # GEM /KM o
B EUADDEHOFERRE I L5 BRI

Correlation coefficient Test for significance of partial

LB 2 correlation coefficient
Step Variable RAME SO HESERE
[is &Y Multiple Partial % ]%egr:e of 5
reedom
. b B
1 Mature granulocytes, pre-exercise 0¥ Al o 5 745U HUR ER 8 4132 4132 21.417 I 104 <.01
2 Age at examination MR O e 4611 2247 5.476 1, 103 <.05
3 Lymphocytes, pre-exercise ST ) v R .4938 .1990 4.206 1, 102 <.05
4 Basophiles, pre-exercise S W) W o AT HE G ER ¥ 5165 1744 3.168 1, 101 >.05
5  Monocytes, pre-exercise S ) T 0 ME ER ¥ .5192 L0615 .379 15 100 >.05
6 Eosinophiles, pre-exercise T 1y o> OF B Bk ¥ 5195 0211 044 1, 99 >.05
7 Difference of ventricular rate between pre- and immediate post-exercise .5196 L0101 010 1, 88 >.05
AL 0 i & A W I 1R O L EEHA D B oo 22
T65 total dose T 65 # 4 fit 5196 L0089 008 1, 87 >.05

In Table 7, these variables are seen for changes in lym-
phocytes. It was also seen that post-/pre-exercise lym-
phocyte ratios were higher in subjects with greater
difference in heart rate resulting from exercise and lower
pre-exercise value of lymphocyte count.

When radiation dose groups. are considered, pre- vs
post-exercise WBC, granulocytes and lymphocytes showed
significant increases within each group. However, there
was no significant difference between dose groups
(Table 8). The absence of radiation effect on these
increases is also seen in comparing ratios of changes by
dose group (Table 9).

When looking at individual variations among subjects in
the present study, a small group with high and low counts

FTIZEF, Tho0EHE) v SREBE OMEEZRT.
e, MWAIEOCHAROZEO K S WEERE B & UHED
RO ) ¥ 7SERE OBV S Ol TE, EE . E AT
Oy IREMLEEOSRZ EAFRD SN

ARCEERS, EEAT & SEO O B E, WRIRES &
U SR OBEME A0, ERELERLHMMER
L, LaLlzads, SEEMCAEsZ208,-
7z(#£8). £k, BEMNOEHROKBIZIEVTH,
HIROBBIRADSN P2 (£9).

FWEOHEHRENE 4z >0 THEL LHR, Sl
LEVHE AR TEIEFRY S h . EHEBEORA



TABLE 7 FORWARD SELECTION PROCEDURE OF REGRESSION ANALYSIS FOR RATIO OF LYMPHOCYTES
(POST-/PRE-EXERCISE) & 8 VARIABLES FOR 106 SUBJECTS WHO RECEIVED 1-399 RAD

7 1—39 rad OBEHE 2 G LHRE 106 Al22wT oY »iski GESE SEHAT)
DI B LU0 DZE O FAERRE & 5 BRI

Test for significance of partial

Correlation coefficient correlation coefficient

Step Variable LN LIRER =4 {6 AH (7 oo # R R
¥ zH i Degree of
g
Multiple Partial F freedom P
ik f BHE
1 Difference of ventricular rate between pre- and immediate post-exercise
FWh A L AR E RO LERH KL 3544 .3544 14.935 i 104 <,01
2 Lymphocytes, pre-exercise I iio 1) ¥ /9Ek # 4963 3716 16,504 1, 103 <.01
3 Age at examination P g o 5 i 5126 1475 2.269 1, 102 >.05
4 Eosinophiles, pre-exercise il ¥ il o) iF & 50 5227 1190 1.450 1, 101 >,05
5  Mature granulocytes, pre-exercise il M) jiif @ a% #% BY By BR #4 5317 1143 1.325 1, 100 >.05
6 Basophiles, pre-exercise il § il o T # JE 5 & .5399 1110 1.236 1 99 >.05
7 Monocytes, pre-exercise I Wil ¢ HE£R £ 5485 L1149 1.312 1, 98 >.05
8 T65 total dose T65 £ #tit .5487 L0184 1.033 1, 97 >.05

is found. These show no significant relation to radiation
dose when high count total WBC (i.e. pre- or post-exercise
counts of 10,000/mm?®) are considered (Table 10).

However, for pre-exercise WBC <3000 or post-exercise
WBC <5000 as well as for pre-exercise granulocyte
counts <1100 (<2 standard deviations below the group
mean) there is a suggestive clustering in the 1-99 rad

group.

When these subjects are looked at more closely (Table 11)
other conditions, as well as upward shift of random counts
on retesting, are seen. It is not reasonable to test the
significance of these few observations, but they serve to
illustrate the complexity of interpretation of findings in
single instances.

Other hematologic changes following exercise are noted
on Table 4. Statistically significant increases occurred
in all measurements except for immature cells (granulo-
cytes, eosinophiles).

Bone marrow is the only source of granulocytes while
lymphocytes are produced in extramedullary sites. Thus
to deal primarily with bone marrow processes, especially
as they relate to pre-leukemic states, granulocytes and
total WBC are emphasized.

TILER $A%  GE AT % 7~ 135 0 #5710, 000, /mn ¥ ) &
12k, BEFEREoMocERE2MRBRBED R E» -
(#10).

LA L, FEIAT O AIMER £ A3000LL F & A2 13 EHEO b
DAS000LLF, & & OB AT O FARIER # AT11001L) F & 45
H(HEH LY 2EB{EZELT)ICE, 11— rad B2
IR Y & RS B

IHheHmEBEIIO>VTESIIHEL BT 2 L (£11),
HOBEFLLLIIFHRETTEHO LT PR D SN 5.
IhEDLHOMBERR L, ToOHFEELRETSIZ L
WEETLEVH, BME It ARRICH L TRIRE M
32DV RIIHETHEIPETRTLOTHS.

EMHEIZHFIS3Z0MOMTEEMAROEMIEL IR
T R ER (BRIER & IFEEER) 2BV AT NT o MRz
FATFEMICHER LMY &5 hi.

FRBREEMOATEEEN S, V¥ BRI ERAT
EEEha, Lied-7, FHifER2, Hic20fan
FIREE OME R RO EE T IMA T, BRI E
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TABLE 8§ DIFFERENCE OF MEAN & VARIANCE OF WBC, MATURE GRANULOCYTES, & LYMPHOCYTES BETWEEN
PRE- & POST-EXERCISE BY T65 DOSE

#8 EWATHRICH S AMEkE, WARBERES LU VRO PHEOXES L U5 TE5HER

Pre-exercise Post-exercise Test for significance of difference
T65 Total Dose Cases S W A Sy 1 of means between pre- and post-exercise
T65 & 4 it % S 2 0 FEf A 2503 B 0 B W
rad Mean Variance Mean Variance Mean (t-test)
Tl e i o ik EH (e HE)
WBC AmBH 3
Unk. # # 12 6438 1728.2 8417 2288.2 <.001
200+ 19 6284 1477.8 8416 2085.5 <.001
100-199 20 5368 988.6 7063 1214.2 <.001
1-99 76 5859 1716.6 7698 2129.5 <.001
<1 66 5573 1290.8 7506 1743.2 <.001
Not-in-city N EH 61 5830 1594.8 7717 1926.2 <.001
Total & # 254 5798 1526.3 7690 1938.4 <.001
Analysis of variance F = 1.453 F =1.422
ZE AR 51 A Degree of freedom HHJE 5, 248
P>.05 P>.05

Mature Granulocytes A% ¥4 W B &

Unk. #HEE 12 3895 1447.7 4651 2198.2 <.05
200+ 19 3708 1016.1 4379 1351.8 <.01
100-199 20 3067 893.0 3743 879.9 <.001

199 76 3555 1345.2 4186 1425.5 <.001
<1 66 3267 935.3 3960 1308.3 <.001

Not-in-city A4 7EH 61 3488 1186.9 4267 1450.7 <.001

Total & it 254 3453 1165.4 4148 1407.7 <.001

Analysis of variance F = 1.446 F = 1.075

Z it ol Degree of freedom HHE 5, 248

P>.05 P>.05

Lymphocytes U > /VER¥

Unk. ##E 12 1829 510.2 2776 856.0 <.001
200+ 19 1917 638.3 3236 1246.0 <.001
100-199 20 1690 694.8 2518 1011.0 <.001

1-99 76 1654 617.7 2665 1006.5 <.001
<1 66 1703 530.7 2689 750.7 <,001

Not-in-city iR fE&H 61 1663 485.2 2561 734.7 <.001

Total & # 254 1700 568.5 2683 906.3 <.001

Analysis of variance F = .827 F =1.829

24t 5y # Degree of freedom EHHE 5, 248

P>.05 P>.05
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TABLE ¢ DISTRIBUTION FOR CHANGE OF WBC, GRANULOCYTES, & LYMPHOCYTES WITH EXERCISE
BY T65 DOSE

#£9 GEMIC L3 BMEREK, BWRSRESLOY Y REOEH M M EO ST TE5HER

Ratio post-/pre- T65 Dose # 1Mt rad Not in city Total
MEATH O EE  Unk. 70§ 100+ 1-99 2 MR ESE it
Total # ¥ 12 39 76 66 61 254
(100.0 %) (100.0 %) (100.0%) (100.0 %) (100.0 %) (100.0%)
WBC B
1.4+ 33.3% 28.2% 26.7% 28.8% 31.1% 29.1%
1.2-1.3 41.2 56.4 48.7 59.1 55.7 53.9
1.0-1.1 25.0 15.4 22,4 10.6 13.1 16.1
<1.0 0 0 1.3 1.5 0 .8
Granulocytes FifiH#
1.4 16.7 20.5 10.5 15.2 16.4 14.9
1.2-1.3 16.7 25.6 34.2 36.4 3T, 33.5
1.0-1.1 58.3 48.7 43.3 37.9 42.6 43.3
<1.0 8.3 5.1 11.8 10.6 3.3 8.3

Lymphocytes U > /tERE

1.4+ 58.3 61.5 73.7 66.7 67.2 67.7
1.2-1.3 16T 25.6 19.7 27.3 16.4 21.7
1.0-1.1 16.7 10.3 5.3 4.5 8.2 7.1

<1.0 8.3 2.6 1.3 1.5 8.2 3.5

TABLE 10 HIGH-LOW WBC & GRANULOCYTE COUNT PRE- & POST- EXERCISE BY T65 DOSE
#10 EEHFTHICEH T A QMRS & OCHREERMOSIE: TESEMR

Tiein Exercise 3§ T65 Dose #iit rad N:it.t in Total
WA Pre- il Post- % Unk. R0 100+ 1-99 <1 fﬁpwfrgg i
Total # 7 12 39 76 66 61 254
WBC B 10000+ 10000+ i 1 2 2 6
<10000 10000+ 4 5 8 6 6 29

<3000 <5000 0 0 4 0 0 4

<3000 5000+ 0 0 1 0 0

3000+ <5000 3 4 3 10

Granulocytes <1100 <1300 ] 0 2 0 0 2
P ER # <1100 1300+ 0 0 1 0 0 1

11



TABLE 11 WBC & GRANULOCYTES PRE- & POST-EXERCISE BY T65 DOSE FOR SELECTED CASES
#I11 WEOHERE IZH G S EMATHEO QMRS & CFRERE: T65HIED

T65 Dose WBC A5k #

Granulocytes Uk ER 2

Remarks

fi it Pre- 3t #f il

Post- ;E® % Pre- i 8l

Post- 3 @ % LS

WBC Increasing x 1.5 after exercise, granulocytes not increased W% (AR & 1.5 6 12040, B ER SN A L

349 rad 6650 10000

WBC B L5 # Pre. #f <3000 or Post- #% <5000

*96 rad 2400 3150

84 2850 6250

*81 2400 3650

40 2750 3650

*20 2600 4350

25 3550 4900

58 3550 4700

5 3750 4550

0 4850 4750

0 3600 4900

0 3450 4550

0 3500 4750
Not-in-city AT EH 3250 4950
Not-in-city #iI T E#® 3650 4950
Not-in-city i A& 4450 4600

3192

912

1111

936

1677

962

1952

2165

1987

3104

1692
1690
2135
1917
1788
2492

2900 Fe def. No anemia #&Z, W% L
1071 WBC 6800 1 month later
1 7 A # o [ I 5k #6800
3187 Goiter
IR AR RE
1095 +RF.** WBC 6100 1 month later
1 A % o [ i 5k #6100
1569 Hepatitis
F %
1740 WBC 4300 1 month later
14 &ALk $4300
2548 Increased gamma GI.
Y a7y m
2397 ? Inadequate exercise
? 5H 0 &t TR
2648 Increased thyroid antibody
BRR AR B 0k o0 144 AN
2422 Part atelect. Inad. exercise
M RILE T, IR R
1960
1547
1615
2029
2128
3082 Mild URI &5 @ b 450 8 i i

*Granulocytes pre <1100, post <1300 (<M-25D) Uk Bk ¥, i <1100, # <1300(<M—28D)

** Positive reumatoid factor ') 7 v F B FHE

DISCUSSION

A number of stimuli to circulating white blood cells have
been promoted to test bone marrow leukoeyte reserve in
patients considered for treatment with chemotherapeutic
agents or radiotherapy. Both epinephrine 4 and bacterial
endotoxin ' produce large increases in WBC, for the

most part mature granulocytes.

Epinephrine, exercise(440 yard run), psychologic stresses,
convulsive seizures, and cardiac arrhythmias increase the
circulating granulocyte pool (CGP) at the expense of the
marginal granulocyte pool (MGP)(Table 12). Perry et al 1
emphasize that, since only the CGP is tested by peripheral
vein blood sampling (Figure 2), these procedures probably

12

E B

EERES D3REREREFEREEh T3 BE 05
ROEMRFHE42EL 20, HRAMLE&EoH
WAE 2 50T wA,. Epinephrine ™ & @i IS 12,
HMERHIZAE 2BIE b5 L, 70OKRESIEH AR
BRRTH 5.

Epinephrine O {#ff, JRM) ( 440 ¥ — FEEE), LHFIA b
LA, EORIE(EE LU TAEIRGERFRER 77—V (CGP)
NS¢ 5 R, Ui BERIR T -V (MGP) 24 &
5 (#£12). Perry 5 ¥ |3, RHEHIRMEIZL-THEL
ECGPmaMKEENAOT(EL), Zh60HETI



FIGURE 2 LOCATION OF GRANULOCYTE POOLS
M2 HaEkT—vofE

PERIPHERAL BLOOD VESSEL
A A M \

&g 2 CIRCULATING GRANULOCYTE POOL
b

TR MR —

\ MARGINAL GRANULOCYTE POOL
AR HRER 7 — N

TABLE 12 FACTORS AFFECTING GRANULOCYTE POOLS
F12 BRI 7 -V EE LIETET

tCGP + | MGP Epinephrine
Exercise i
Psychologic stresses LIEMY 2 b L 2
Convulsive seizures # % (E
Cardiac arrythmias TR

t CGP + t MGP Prednisone

{ CGP —~ 1 CGP Bacterial endotoxin ¥ &N #E ¥

Etiocholanolone

See Figure 2 for definitions (CGP & MGP) E#3[{ 2 #Hd.

do not assess hone marrow function. On the other hand FHBREOFMITELAVWEERL TS, —F, pre-
prednisone leads to increases in both CGP and MGP over dnisone |3 ¥ WE M L) Eich - T CGP & MGP o ¥ il &
several hours.'™'"  Presumably this does call forth b5+ Zhidk RABRROEEMME B
increased granulocytes production and release from SEOiHIcE £ BEESER -V (TBGP ) R+ 3
medullary areas thereby increasing the total blood gran- FHEEILNS, BRAEEL etiocholanolone & 4
ulocyte pool (TBGP). Bacterial endotoxin and etiocho- ERBOBOELAL L %, CCPORMEE~L, &
lanolone increase CGP after initial depression, and BN BERER O A 1Bl A 5 2 5,1

likewise stimulate marrow production of granulocytes. '*

CONEOHBE IRBRESETH - L EERALER
i, ZOWFRERIIHLTBREIFBVWTHAI LE
AohhsThs.

For the current study subjects who were young ATB were
selected because of the increasing evidence of radiation
sensitivity in this group.

13



The increment in total WBC and granuloeytes by our
subjects are somewhat less than reported for other stimuli
in which time courses of several hours are followed. This
raises the question of timing of blood drawing in our study,
the design for which was intended to provide patient
acceptance and short test duration. When 10 other normal
subjects <45 years (4 female, 6 male) were similarly
exercised, complete blood counts showed that the 2-minute
sample was, at the least, near maximum for total WBC
and granulocytes for the 2-hvur period after exercise.

It is interesting to observe that post-/pre-exercise total
WBC changes depend upon degree of response to the
exercise (pulse increment) and pre-exercise counts of neu-
trophilic leukoeytes. However, the ratio for granulocyte
count between the pre- and post-exercise periods depends
upon age and initial granulocyte and lymphocyte counts.
Consequently, the ratios are greater in subjects with
initially lower granulocyte counts but higher lymphocyte
counts; and the ratios are also related to an aging factor.

Clearly, the moderate exertion required of the described
exercise increased peripheral blood cells in a consistent
manner. Among all subjects 99 % showed a post-exercise
WBC increase and for granulocytes 92% had some
increase.

The absence of increase in immature granulocytes is
compatible with results of other stimulation tests, as well
as studies of granulocyte function using skin abrasive
technigues. '®''*  Fink and Calabresi '* reported a “left
shift” in endotoxin assessment of subjects who had
therapeutic irradiation a year or more before testing (and
without intervening chemotherapy).
noted in granulocyte responses in treated or untreated

Immaturity was not

subjects with leukemia and related disorders by Perillie
and Finch ' who studied local exudative cellular
reactions.

This raises the possibility that a late, and unique, mani-
festation of irradiated bone marrow is immature cell
response to stimulation. Since the exercise test empha-
sized in the present study may not test medullary capability,
our finding of a normal circulating granulocyte pool (and
by implication total bloed granulocyte pool) in A-bomb
survivors similar to nonirradiated subjects does not rule

out this possibility.

Few leukocyte functional studies have been made on the
ABCC-JNIH cohort study population groups. Peripheral
blood white cell counts do not differ significantly between
exposed and controis in our cohort.*"** Leukocyte
counts, and specifically granulocytes and lymphocytes,

14

SEAT % - 2 EMAR KRG OWBEE O A NRY & 5
RIERBZ &7 2800, BEMICh - 288 E T4
bREFZLZVHOFBIZEZHIE D IE L2 D 5w,
LT, HBEIIRELZHELEL L1, RELE
TAOMFMAEREC 752 DIC B S AR TE O BRI 0w
DL RS, iz, SELTOEREIOA (LT 4 A,
BFOAN) RIUEMARABRETE o2 EE, 25%
DA &1 3 BAMER S & BRIRETI b2 < & LD
T 2EEMTHREMHIEVELRL .

T T E AT O 48 L ER #0028 1, B (IRA BEAN) 12
MY SRIGOEE W EEHA ORI cBSEh sz
EIFEBRIEG. LA L AAS, JEEE %o BRIk D
iy, £le RoBENREs LT ¥ BRo g
ENBLOTHS. LEF-T, BRVOEREEHI DL
S, VY RNBREOEWHEEBEEICHVWTIE, COLEIE
V. £k, CORIEREFELBELTV I EFA
Hshiz.

LERT R L Az AR SR o) I AT AR S 1 BRI B 4 o0 1 40
REEMIILASLAZLBELS»THE. 2HBED
99% I AT I bl L QIMER OB MATIR D 5, % 7,
FNRETHRUYOHSREICHIBEORMAED S
.

PRI BRIIR TN AR S T W A WO, e
MIOH A+ & UK F RN & @ F T 5 R RS R
OBEELFAUETHD.% Y Fink & Calabresi 5%, FHE
ABERICZA2BELZT 5 LEL LN HETER X &
ERIFAE(LLPL ZNLURMEREZEZZITVEVEH)
[REARH] RS ShALRE LE. Bl i
BREIG # fF%E L /= Perillie & Finch ™9, GIHE % 5
CleBEREBOERE T I A LET T ahaFEOWT
M E RATIBRIRR G & 38O & 5 o /2.

Zhix, BRESEEHL2ZI AT, BRECHED
LA A RMMERF G S U TRb N A el
EFRT. CORBORTHEI AT MM AR TIEE
MFMEHEFANLZZLETELY. SRNOREBECEBR
HRECHEFEBRFLRLL, EXZHERBENRT—L
(ZFLTERICHEL CHEMPBEFERIRT—V) 282
LIRERMREGIEREEFICHLhA A2 LAL VT &
EHrELTLLBITILOTIE AW,

ABCC—FMio a2 —dh— FAEXERMIC>WTOAMERE
MEAFETELALITEALA T2 Y, KIFEMEREIZ-
WTE, BENRT—F-+rhoOmEBE BB LOM
CEBOZEIR 2 VE W) 2 MR, B HERERE



were shown shortly after the bombs to be depressed in
23
= noted

that the rate of recovery from low levels was delaved in

proximally exposed persons. Nisimaru et al -

those who continued physical activity.

However, at present, persisting alterations in circulating

WBC, especially granulocytes, have not been discovered

among heavily irradiated, apparently healthy, A-bomb C B
C
survivors. Possible pre-leukemic functional or morphologic

clues must be sought in studies of medullary function.

FKLEFIELR S B,

The finding of a significant exercise response for lympho-

cytes in peripheral blood is more difficult to explain. No
similar reports in the literature have been found. While
bone marrow is the only source of granulocytes and other

elements, lymphocyte kinetics are particularly complex
1) 3

D WT OEREIT

when one considers the larger pool of these cells in lymph
. 25 ~ . . .

nodes and lymphatics. *> Further studies of this observation

are required.
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