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FOREWORD

Research described in this paper was performed in the Radiobiology Division under
task No. 571003, supported, in part, by the Defense Atomic Support Agency. The
period covered by the study was from December 1966 to December 1967. The report
was received for publication on 29 February 1968.

Robert J. Fuchs and Richard C. McNee of the Biometrics Division gave valuable
suggestions and performed the statistical analyses presented in the tables. Staff
Sergeant Harry R. Rithman, Jr., and Miss Nora Olivarez gave technical assistance
in the conduct of the experiments.

The Fast Burst Reactor at White Sands Missile Range was used as the source of
radiation. Dosimetry measurements were accomplished by Edgerton, Germeshausen
and Grier, Inc., Santa Barbara, Calif.

The animals involved in this study were maintained in accordance with the "Cuide
for Laboratory Animal Facilities and Care" as published by the National Academy of
Sciences-National Research Council.

This report has been reviewed and is approved.

GEORGE E. SCHAFER
Colonel, USAF. MC
Conmma~der
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ABSTRACT

To determine early hematologic response to mixed neutron-gamma irradiation,
twenty Mace.. mu~tto monkeys were exposed to pulsed doses of 2,500, 3,750, and
5,000 r&&s.

Hematologic data at 4 hours postirradlation indicated a marked leukocytosis in
all troupe. The cellular Increase was due to the increase of neutrophils contrasted to
the lympbacytes, which decreased to less than half their baseline value. There was
also a thrombocytosia at 4 hours poetirradlation. Serum enzyme concentrations were
determined with obeerved Increases of lactic dehydrogenase and glutaxnlc oxalacetic
transaminase; however, the response was highly variable.



ABSTRACT

To determine early hematologic response to mixed neutron-ramma irradiation,
twenty Macac. wulatta monkeys were exposed to pulsed doses of 2,500, 3,750, and
5,000 rzds.

Hematologic data at 4 hours postirrdiation indicated a marked leukocytosis in
all groups. The cellular increase was due to the increase of neutrophils contrasted to
the lymphacyts, which decreased to less than half their baseline value. There was
also a thrombocytosis at 4 hours postirradiation. Serum enzyme concentrations were
determined with observed increases of lactic dehydrogenase and glutamic oxalacetic
transaminase; however, the response was highly variable.
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EARLY HEI4ATOL061C CHAN6ES IN THE RHE NOEY AFTER SUPlRflTAL
NIXED NEUTIRON-OAHMA IRRADIATION

I. [NTRODUCTION The neutron-ganima ratio of the radiation
dose approximated 6/1 with a pulse width of

The classic work of Heineke (1) as early 40 psec. The animals were divided into three
as 1903 demonstrated the marked radiosen- irradiation groups, 6 animals receiving 2,500
sitivity of the hematopoietic tissues to ex- rads, 6 receiving 3,750 rads, and 8 animals ,'-
posure to ionizing radiation. Since that time, ceiving 5,000 rads from the pulsed reactor.
a vast amount of data has accumulated on the Actual measured doses were: for the nominat
hematologic responses of different species to 2,500 rads-2,360, 2,450, 2,550, 2,580, 2,670,
various types of radiation. The reader may and 2,760; for 3,750 rads--3,200, 3,280, 3,480,
refer to a number of excellent reviews that 3,500, 3,620, and 3,980; and for 5,000 rads-
summarize this earlier material (2-5). 4,510, 4,590, 4,600, 4,900, 4,930, 4,960, 5,750,

and 6,410.
"This report presents data on early, 4-hour

observations of the Macaca mulatta monkey Each animal 'ad ben sampled three times
following doses of mixed neutron-gamma before exposure for baseline hematologoc deter-
irradiation ranging from 2,500 to 5,000 rads. minations at approximately 2-week intervals.
It is believed this information is not available The last sample was drawn more than 2 weeks
in the literature, before exposure.

Il. MATERIALS AND METHODS The animals had been implanted with
cranial electrodes approximately 10 days prior

Subjects were 20 rhesus (Macaca mulatta) to exposure, and immediately before exposure
monkeys weighing between 7 and 9 pounds. catheters for the physiologic observations were
Animals of both sexes were used. The animals surgically inserted into the femoral artery.
had been trained for four months on a multiple
avoidance program designed to measure per- At 1 hour after the pulsed exposure, the
formance. The principal objective of the ex- animals were removed from their exposure
periment was to obtain data concerning initial chairs and a 1-ml. sample of blood was taken
onset an-l duratibn of performance decrement from the catheter for later analysis of serum
resulting from exposure to the mixed fission glucose. At 4 hours, a large sample was taken
source of radiation. The behavioral responses by venous puncture for blood counts and other
were monitored for an hour following the ir- serum chemistry determinations. After the
radiation exposure. The subjects were exposed blood preparations were made for hematocrit,
two at a time while seated in a Plexiglas re- hemoglobin, total white count, platelet count,
straining couch. The couch prevented gross and differentials, the serum clot was spun
movement except by the left arm and hand down and the remaining serum rapidly frozen
which were used in the performance of the in Dry Ice-acetone. Subsequently the sample
learnea tak. The data obtained relative to was returned to the laboratory packed in Dry
the behavioral response will be published as a Ice for serum analyses. The blood determina-
related report. tions followed standard clinical methods (6)
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and chemical assay procedures previously No significant difference in effects due to level

described (7). of dosage was detected at the .05 probability
level for any variable. Therefore, since there

Differences in the postirradiation values were apparently no differences in the preir-
and the preirradiation values were analyzed, radiation to postirradiation response for the
using analysis of variance technics. An ap- different doses, this "average" test it an in-
propriate test for difference between the pre- dication of irradiation effect, assuming the
irradiation mean and the postirradiation mean effect to be dose-independent over the range
for a given dose level or for the average of doses tested.
dose is:

m. RESULTS
D

t -- D with N-i degrees of freedom Table I summarizes the experimental re-
S.E. suits of the white cell parameters showing for

where each nominal dose the preirradiation and post-
irradiation means, along with th mean

t = Student's tWet. difference (postirradiation value minus pre-

N = Number of observations in each mean. irradiation value) and the standard error of
the difference. The values for neutrophils and

D = Mean difference. lymphocytes are the relative percentage of

S.E. = Standard error of the mean difference. 100 cells counted.

TABLE I

Means of white ceU parameters

Difference
Dose (rads) N Preirradiation Postirradiation (pit-pre) S.E.

WBC

2,500 6 10,R66.7 30,533.3 19,668.6 6,088.07
3,750 6 11,258.3 28,800.0 17,541.7 1,547.71
5,000 8 10,216.7 26,87.5 16,370.8 4,576.95

Av. 20 10,724.17 28,485.00 17,710.83 2,632.89
P < .001

Neutrophilsa

2,500 6 42.6 90.5 47.9 3.19
3,751) 6 45.9 90.8 44.9 1.03
5,000 8 47.1 92.0 44.9 3.80

Av. 20 45.37 91.20 45.83 1.86

P < .001

Lympliocytes

2,500 6 55.8 7.0 - 48.8 2.35

3,750 6 52.6 7.8 - 44.8 1.58
5,000 8 50.4 6.8 - 43.6 4.06

Av. 20 52.65 7.15 - 45.50 1.85

P < .001

Nv"Wat of 100 *am aoated.
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Table II shows that there is no significant not significantly different while those ef the
change in hematocrit and reticulocyte counts 1-hour sample are. The overall difference for
but that the hemoglobin value is significant total protein indicates a value of P < .005.
and the platelet count is highly significant. The variability of the differences between the

preirradiation and postirradiation values are
Table III shows values for both serum significant for the three groups (P < .005).

glucose and total protein 1 hour and 4 hours Since homogeneous group variability is an as-
postirradiation. It should be noted that the sumption in the analysis of variance, and this
4-hour postexposure values for glucose are assumption was not met for total protein, the

TABLE II

Means of other blood values

I Difference
Dose (rads) N Preirradiation Postirradiation (st-pre) S.E.

Hematocrit

2,500 1 6 37.4 37.3 - 0.1 1.30
3,750 6 37.3 38.0 0.7 1.04
5,000 8 35.5 37.6 2.1 0.57

Av. 20 36.61 37.65 1.04 0.54

NS, P > .05

Hemoglobin'

2,500 6 11.76 12.28 0.52 0.54
3,750 6 11.80 12.45 0.65 0.36
5,000 8 11.19 12.16 0.97 0.21

Av. 20 11.54 12.28 0.74 0.21

P < .005

Reticulocytest

2,500 6 0.98 1.03 0.05 0.18
3,750 6 0.92 1.03 0.11 0.16
5,000 8 0.87 1.07 0.20 0.14

Av. 20 0.92 1.05 013 0.09

NS, P > .05

Platelets

2,500 6 270,111.1 457,166.7 187,055.6 25,522.60
3,750 6 267,611.1 413,666.7 146,055.6 15,616.57
5,000 8 261,750.0 439,125.0 177,375.0 33,288.09

Av. 20 266,016.67 436,900.00 170,883.33 16,171.13

P < .001

-Grams p r 100 mL

tPerftot of 100 ceIJ counted.
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result of the aniy.sis of variance for total This primary elevation, from 24 to 48 hours

protein is questitinable. Making separate tests after x-ray exposure, was followed by a de-

for the three groups did not reveal any dif- crease. Eldred and Eldred (9) also reported

ferenees in the preirradiation and postirradia- an early rise in the total white count made

tion means in the 5.000-rad group, but did I to 5 hours after irradiation exposure in the

,tLect differences between these means in the rhesus monkey. Henshaw, in a series of

2.500-rad and the 3,750-rad groups (P < .001 reports (10-13), showed that a slight leuko-

and .02, respectively). c-tosis took place in mice during the second

to fourth hours following exposure of 50 R,

Table IV indicates serum enzyme values, with a leukopenia evident at 24 hours. Again

with the changes in LI)H and SGOT being a leukocytosis was displayed within a few hours

significant, as indicated, while the SGPT after treatment following 100 R. He reports

change is not significant. that with small daily doses of 5 to 25 R per

day, there was a fall in leukocyte level at-

IV. DISCUSSION AND CONCLUSIONS tributable mainly to the lymphocyte loss. In

rabbits exposed to 25,000 R and 50,000 R the

An increase in the posymorphonuclear leukocytes were shown to drop to about one-

neutrophilic leukocytes was reported in the third their normal value during the second

monkey as early as 1919 by Taylor et al. (8). hour.

TABLE Ill

Means of serum chemistry tests

Dose (rads) N Preiradiation Postirradiation Difference )

(post-pre) _______

I Glucose* (1.hour)

2,500 6 76.5 84.3 7.8 12.57

3,750 6 79.0 97.3 18.3 8.02

5,000 8 I 81.5 102.0 20.5 11.12

Av. 20 79.27 95.30 16.03 6.32

P < 025

Glucose* (4-hour)

2,500 6 76.5 72.0 - 4.5 10.06

3,750 6 79.0 .99.5 20.5 12.55

5,000 8 81.5 82.8 1.3 8.97

Av. 20 79.27 , 84.55 5.28 6.01

NS, P > .05

Total proteint

2,500 5 7.76 7.15 - 0.61 0.07

3,760 6 7.61 7.15 - 0.46 0.13

5,000 8 7.35 6.87 - 0.48 0.34

Av. 20 7.55 7.04 - 0.51 0.14

P < .005

*IUI0ra.w per 100 mL

tWrmm per 100 ILL
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Nakahara and Murphy (14), by using a rapidly. In the present study the 4-hour post-
specially constructed low-frequency x-ray tube, irradiation sampling period indicates substan-
were able to show an increase in lympbocytes tially a twofold increase in platelet counts
in mice by the second day postirradiation. The observed at this time.
present study confirms the evidence of an early
leukocytosis at 4 hours after exposure but In comparing the baseline serum glucose
establishes the increased cellularity as being values with the 1-hour and 4-hour postirradia-
with the neutrophilic portion of the cells tion values, it can be seen that the 1-hour
whereas the lymphocytes show a rather rapid sample is generally elevated. In two of the
decline in this short time period, three groups, however, the 4-hour sample is

essentially normal. Earlier work in this lab-
Duke (15) in 1915 reported that an inten- oratory (16) indicated that glucose elevation

sive dose of roentgen rays causes a fall in can occur very rapidly-- n 15 to 30 minute.
platelet count, but in smaller doses it causes By 4 hours after a lethal dose of 900 R of
a rise in total platelets. Eldred and Eldred (9) gamma radiation, the glucose concentrations
reporting on the platelet count on irradiated can be reestablished at essentially a normal
monkeys stated that the daily counts indicated level. Baseline values and 4-hour postirradia-
the number of platelets declined slowly until tion values for total serum protein show an
about the seventh day and then dropped overall change at P < .005, but because of

TABLE" V

Means of enzyme determinations

Dose (rads) N Preirradiation Postirradiation Difference .E.
_______ I_ (post-pre) 3E

LDH"

2,500 6 569.2 743.3 174.1 202.61
8,750 5 817.7 1,001.0 183.3 288.64
5,000 7 580.0 958.6 378.6 87.05

Av. 18 642.33 898.61 26.28 109.14

P < .05

SGOTt
2,500 6 48.3 81.2 32.9 19.26
3,750 5 55.7 81.4 25.7 20.24
6,000 7 44.6 79.4 34.8 13.73

Av. 18 48.89 80.56 31.67 10.04

P < .01

SGPT
2,500 6 52.3 44.8 - 7.5 11.35
3,750 5 47.5 50.4 2.9 3.79
5,000 7 50.0 53.7 3.7 9.15

Av. 18 50.10 49.83 - 0.27 5.33

_NS, P > .05

ODeteratube C-LDH; Worthington HiochmlcI Corp., Fresho,d. N. J.
tTraaAc: Warner Chlloott, Morris Plains. N. J.

$R't~ma-lerankel motbod a nodified by Doe& Resents. lne. Miami. M
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differences in variability, these changes re- changed serum enzyme concentration but spec-
quire additional investigation. ulate there may well be a considerable variation

as to the onset in respect to time following the
Attempts have been made to assess the tissue damage by the irradiation exposure.

amount of radiation damage by measuring The SGPT values were essentially unchanged
changes from normal levels of a number of during this period. Further research should
enzymes found in serum (17). These included, be directed toward study of the enzyme sys-
particularly, lactic dehydrogenase (LDH), tems for a considerably longer period of time
glutamic cxalacetic transaminase (SGOT), and after the irradiation insult.
glutamic pyruvic transaminase (SGPT). The
postirradiation values shown for both LDH and It is believed that these observations do
SGOT are elevated when compared to the show that hematologic changes can be very
preirradiation baseline mean. Dalrymple et rapid and that additional time-response in-
al. (18) comment that there is no satisfactory formation should be obtained in order to
explanation for the highly variable response of develop a more meaningful interpretation of
different animals as demonstrated by the this altered cellularity with radiation damage.
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