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Dog's were exposed to simultaneous microwave ( 2800 1\-lcycles/ 
sec,-100 mW/cm') and x-ray (250 KVP, l6:i6 R. 4.6 R/min) 

,,,->--exposure, or to' the samc·.:.x-ray exposure nine months after a 
: r • tot;d of 90 hours of multiple microwave exposure. l\lortality 

f --~5 ,~realer in animals treated with microwaves, and was most 
;;,,..;;: -' marked following simultaneous microwave and X~irradiation. 
,.._, De.iths were hemopoietic in nature. Survival :ipfc'ared· best 
, -i-·· · in d?g~ show in/,: minimal leukocyte and ncutrophil changes im-

,, i 111crl
1
iatcly after;\ X-irradiation. Hen1atocrit, erythrocyte sedi111en--

. I talion r.itc, rd,i_culocyte, rectal temperature, body weight, food 
1 .ind water cons1\mption ch.inges arc presented. l\licrowavc treat-

. ,t,;_ ment c.in modif):, the response to X-irr;diation, and its effect 
~:~;'-~ s-~ appc.irs related to the total microwave exposure, duration of 

·~ microwave exposure, rectal temperature response, time interval 
before X-irradiation, total X-irradiation and X-ray dose rate. 

1 
,. .__..-~ \lodification of ioni_zing radiation injury at the hern;itopoietic 

level is indicated. 

I ,, 

J 
'I 

. ., 
TlrnHI~ JS EVIDENCE _that microwaves are capable 

of altering the rcs1fonse to ionizing radiation. Modi
fication of the ll'ukocytic, neurologic and lethal effects 
of ionizing radiation have been reportecl.2•4

•
7 The studies 

re,·caUess acute effrcts from x or gamma irradiation in 
anin;als treated with ·microwaves. In investigation of 
the response to sinrnltancous microwave and X-irraclia
tion, in which modification of the leukocyte response 
was observed, lethality did not result from the X-ray 
dose used. This st11Cly was undertaken to determine the 
effect of simt1ltanem;s microwave and X-irradiation at a 
lethal X-ray close level. The response to X-irradiation 
after numerot1s 
v,e~tiga~ed. 

1 

exposures to microwaves was als0 in-

,{ « 

MATERIALS AND METHODS 

. / . 
i\<lale and female dogs,.of mixed breeds, one to five 

years of age, were exposed individually in a Plexiglas 
cage, 20 x 20 inches ancl-23-incl1es high, in an anechoic 
chamber 7 x 7 feet and 15 feet long. 

Ylicrowave frequency was 2800 .tvlcycles/sec, pulse 
rate 360 per second with a 2 microsecond pulse width, 
and average power level, 100 mW /cm 2
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Ra1ncor · J)ensiorneter ,vas; used to determine the aver... + 

age power level in the GXposure cage. ~· ;·., '. 
X l' t' f JJ' k X ·l, ,- / 'I , , -rac ia 1011 was rom a 1c 'er , -ray un'it, operated at ~~:' 

2.50 KVP, ,5 ma, with no filter added. Half vali1k layer l i, 

was 0.25 rnrn C11. Air dose rate mcasu1'ed with a Victo- , 
recn H meter in the center of the exposure-ccage was } 
4.6 H/rnin. ~ 

t Th~ animals received for six hours ( 1) X-radiation; 
. (_:?.) sin111ltancous microwave and X-racliation; or (3) 

X-radiation ni11e months after a total of 90 hours of 
microwayc ('xpnsmc, of which the mici'owave exposure 
was limited to six hours a day. The microwave and 
X-ray· beams intersected at a 90° angle -in the center 
of the cage. , 

Hematologic studies were clone on blood obtained by 
jugular venipttncture. Hectal temperature was deter
mined using an electronic thermometer with a ther
mistor prohe.- \Vater and commercial dog food were 
provided ad libitum except during exposure. Food and 
water consumption and body weight changes were 
~1oted. The animals were observed for 60 days follow- ' 
mg exposure. 

RESULTS 

Lethality from 1656 R whole body X-irradiation was 
:30, per cent in normal clogs, 70 per cent in dogs X-irra
diated nine months after microwave exposure totalling 
90 hours, and 100 per cent in clogs subjected to micro
waves during X-ray exposure ( Table I). Siµmltaneous 
X-ray and microwave irradiated dogs had the·;·shortest 
mean survival time ( 11 days). Survival time for the 
microwave pre-treated dogs appeared bi~odal; four 
deaths 12 to 13 days, and three deaths 21 to 25 days 
after X-ray exposure. Non-microwaved dogs died 11 to 
17 clays after X-irradiation. 

Leukocyte changes immediately after X-ray exposure 
are listed in Table II. Lymphocytes decreased 70 to 80 
per cent from the pre-exposure level in all dogs. Total 
leukocyte count was slightly decreased in dcigs that 
survived X-irradiation, and in the microwave pre~ti-eated 
dogs that died 21 to 25 days post-exposure. Microwave 

TABLE I. 60 DAY LETHALITY IN DOGS FOLLOWING 1656 R 
WHOLE BODY X-IRRADIATION 

Exposure Lethality Survival Time (Days).> ::\lean 

X-ray 3/IO 30% f , '-,11, 12 Ii 133 

X-Ray9 7/10 ' . 70% , ',, 12, 12, 12, I'.l 21, 23, 25 16.9 
Months Post 
Microwave '•' 
Exposure 

Simultaneous 5/5 100% 9, 9, 11, 11 '15 11.0 
Microwave 
and X-ray 

, 
• 
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• ._ '---- --',TAIILE II. LEUKOCYTE COUNT IMMEDIATELY BEFORE AND AFTER 1656 R WHOLE BODY X-IRRADIATION 

-=·=-::=. ===================================== 
Survivor.; 

Count x 103 per cu. mm, 

Neu trophils 

I 

I ,,. 
f . 

I 

I 

)io, of 

Dogs 

Survival 
Time (Days) 

11-17 
21-25 
12-13 
9-15 

Group 

II 

I 
II 
II 
III 

Total Leukocytes 
Pre Post 

10.38 ± 1.16• 
8.52 ± 1.06 

9.44 ± 3.52 
6.80 ± 1.08 

Non-Surviv9rs 

9.37 ± 1.47 9.44 ± 4.77 

10.17 ± 1.08 7.87 ± 1.16 

10.14 ± 0.93 15.46 ± 0.86 

9.13 ± 2.19 13.53 ± 5.09 

a Mean ± Standard Deviation of the Mean 

Group I Normal X-Irradiatcd 

Group II X-Irradiated 9 Months Alter Microwave Exposure 

Group III Simultaneous Microwave and X-Irradiation 

pre-treated and simultaneous irradiated animals that 

survived 12 to 1:3 days, and 9 to 15 days had a moderate 

leukocytosis, and a marked increase in neutrophils. 

Leukocyte count was essentially unchanged, and the 

neutrophils slightly increased in the normal dogs that 

succumbed to X-irradiation. Most of the animals had an 

I. 

increase in band-form neutrophils (stabs) immediately 

after X-irradiation. Dogs that died had a rapid and con

tinuous depletion of white cells from 24 hours after 

X-irradiation until death. Survivors had a similar rapid 

decrease in leukocytes from one to seven days after 

X-irradiation ( Figure 1). The leukocyte count on day 

seven ranged from 10 to 20 per cent of the pre-exposure 

value. It remained at this level until .30 days after ex

posure. Between 30 and 60 llays post-exposure the total 

leukocyte count gradually increased, and at GO days it 

• ' was approximately 60 per cent of the pre-exposure value. 

In the microwave pre-treated animals the neutrophil 

count was relatively unchanged up to one day after 

X-ray exposure. Normal animals had a mild increase in 

, neutrophils immediately after X-irradiation. Thereafter, 
•. ·t 

, \ the neutrophil response in both groups of animals was 

- similar in pattern to that of the total kukocyte count. 

1 
Negligible changes in lymphocyte values occurred from 

, , j' the markedly depressed level evident at one day after 

X-irradiation. 
Normal and microwave pre-treated do~s that survived 

X-radiation had a gradual decrease in hcmatocrit, in

creased sedimentation rate, and reticulocytopcnia for 

30 days after exposure, followed by recovery toward the 

initial values ( Figure 2). The increase in sl'dinH'ntation 

rate was more marked and of longer duration in normal 

X-irradiatcd dogs. Hcticulocyte count was dcpn'ssed for 

two to three weeks following X-ray c:xposme. At 42 and 

60 days after exposure rcticulocytc counts exC<'l'dcd the 

initial value. Increased nuclcatc~d erythrocyte· level was 

Lymphocytes 

Pre Post Pre Post 

6.09 ± 0.92 
5.43 ± 1.26 

7.70 ± 3.00 
5.46 ± 1.02 

3.23 ± 0.99 
2.03 ± 0.68 

0.84 ± 0.31 
0,70 ± 0.12 

5.80 ± 1.33 7.99 ± 4.58 2.70 ± 0.48 
4.30 ± 1.31 
3.29 ± 0,74 
3.34 ± 0.59 

0.79 ± 0,09 
1.13 ± 0.23 
0.68 ± 0.38 
0.94 ± 0.50 

5.29 ± 0.45 6.17 ± 0,99 
5.38 ± 1.66 13,88 ± 0,89 
4.60 ± 1.91 11.56±5.10 

were pyretic between 15 and 25 days after X-irracliation. 

Varying increases in water consumption, and cle-
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Fig. 1. Hesponse of dogs that survived 1656H \\'hole body 

X-irradiation. 
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.f present four weeks post-X-radiation. Changes in these 

· ·, j.: hematologic parameters, from the prt'-c:xpos11n· level, 

were much greater in the animals that did 11ot survive 

, , X-irradiation, and indications of recovery W<'re absent. 
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p p Hectal temperature immediately after exposure was 

increased in the simultaneous microwave and X-irradiat-

ed dogs, and decreased in the other X-irri1diatcd animals 

( Figure 3). Non-survivor animals were hypcrpyrctic for 

one or more days prior to death. Animals that survived 

R 0 i DAYS POST), IRR!O!AllO!i 

Fig. 2. Response of clogs that s11rvi,·ed J (i5GH wl,"I,, l,.,dy 

X-irracliation. 
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~IICHO\VAVE HADJATION. ITS EFFECT ON HESPONSE TO X-HADIATION-TIIOMSON, ET AL. ._.,,_·--.........4, 

- lTca,~<·<i (ood i11takc dming thC' first 24 hours after ex
pos111T wnl' <·vi1knt in animals that died following 
.\-irradiation. Water intake was most marked following 
l'ornhi11t'll irradiation. Anorcxia of two to nine consecu
tin· d,;,.s dmatinn prccl'clccl dcatl1. None of the animals 
ahstai11cd from drinking ,,·at-er. Food cons11111ption was 

([IJ. 
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Fig. 3. Hcspnnse of dogs exposed to 1656H whole body 
X-irracliation. 
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Fig, 4. Relationship of microwave exposure and lethality fol
lowing X-irradiation. 

markedly dimi11islwd clming the initial 24 hours after .,. 

~;it'(~~l.'.t:.'.<Jli, ,; ::k/n:;;;;:~1.;c~:1:;~t~~~r;i~~;~~l. tl~urpi~e~e:hli:>s~;; ~ -\,~ ,_ ... ·.n val11l' i11 ti!(' non-111icrowav1·d dogs. '.In the microwave -~~ 
prc-trc,tlcd dogs it was decreased. 

t•:11wsis 11tT111Tl'd in (iO pl'r cl'nt of the <logs mostly 
er~ dming or witl1i11 tlin·i:· l1rn1rs after any of the three types •.. :t,'i 

of t·XJ)os1rn·s c·ornl11cl<'tl. The maxin111m per cent body ~ / ·~! \\'l'igl,t lo.,s tbt rl's11lt<'d following X-irracliation was :r,; .. { 
similar ;u11011g 11011-smvivo.rs (Table lll). Body weight '·' , 
I I I I l h 

1.rSI ,.· nss, in a11iina s t ,at s11rvivt·t, was greatest t 11ring t e :,,. . 
tl,ircl Wl'<'k aftn .\-irradiation. The no;bal clogs lost :--~ ~-;t I rnorc wcigl,t tl1a11 tlie microwave pre-treated clogs. ~ 

'.4 ; ·(·11 
DISCUSSION 

It is apparent from Table I that microwave treatment 
can increase the lethal effects of X-irracliation. This is 
very evident following combined microwave and X-irra
diation. The incrcas<' in hocly temperature immediately 
following comhint·d microwave and X-irrac.liation results 
from heating of the animal hy microwaves (Figure 3). 
Absorption of microwave energy in tissue results in the 
heating of the ,m·dium.'' Hurley and Joslin 1 found en
hancement of X-ratliation effects when heating and 
X-irradiation of mice was administered simultaneously. 
Such a response has been hypothesized by Selawry, 
et aV in a review of the combined effect of heat and 
ionizing radiation. 

The increased lethality in animals that received X-irra
diation nine months after microwave exposure suggests 
that the microwave treatment caused a change in the 
animals that made them respond differently from normal 
animals. Differences in response between microwave 
treated and normal animals following ionizing radiation 
have been observed. 0

,·
1

,
7 In such studies lethality was 

less in microwave treated than in normal animals. When 
the lethality response in this study is examined closely, 
it is evident that of the microwave treated animals only 
those with the least number of consecutive microwave 
exposures, in accumulating 90 hours of exposure, sur
vived X-irradiation ( Figure 4). The exposures ranged 
from a single exposure up to a maximum of five con
secutive exposures. The relation of each type of ex
posure ( single, two consecutive, etc.) to the total num
ber given, is expressed as per cent of the total micro
wave exposure. Fewer consecutive exposures comprised 
the microwave exposure groupings for animals that 
survived 21 to 25 days, than for the animals that died 
I 

t 
I . i 

11 

TABLE III. MAXIMUM BODY WEIGHT LOSS (%) AFTER 1656 R WHOLE BODY X-IRRADIATION 

Treatment 

No Pre-Treatment 

Microwaves 9 Mos. 
Pre-X-Irradiation 

Simultaneous 
i.ficrowave and 
X-Irradiation 

No. of 
Dogs 

3 

Survivors 

Mean Initial 
Body Wt. (Kg.) 

13.28 
(I0.95-19.10) 

12.77 
(l0.58-13.95) 

"--Mean ± Standard Error of the Mean 
()-Range 
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Maximµm 
Wt. Loss(%) 

12.4± 1.978 

8.2±0.40 

Non-Survivors 

No. of Mean Initial Maximum 
Dogs Body Wt. (Kg.) Wt. Loss(%) 

3 11.65 14.8±1.:,2 
(11.07-11.99) 

7 12.04 17.4± 1.86 
( 8.16-21.10) 

5 12.35 17.9±1.3:l 
( 8.68-17.39) 


