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Histologic responses to microwaves are poorly known. Urethane-anesthetized NLR 
rats were exposed to 2450 MHz continuous radiation from a Burdick MW 200 microwave 
generator. The wave pattern was directed by a Type A, 9.9 cm diam circular antenna 
5 cm from the abdomen. A radiation chamber was a wooden platform surrounded by an 
absorptive. To determine the field density, a Plexiglass container (10x10x5 cm) with 
500 cc of water was placed 5 cm from the antenna cone. The room temperature was 
24°C - 26°C. Water temperature change by 85 W output for 10 min was recorded. Rats 
were exposed to lethal dose (140 mW/cm2

) for 6 - 8 min. Light microscope analysis of 
liver sections showed changes in nuclear structure, vessels and sinusoidal diameters, loss of 
cellular glycogen, and increased positivity of certain cells. Cells more proximal to the 
central veins showed the greater sensitivity, expressed by necrosis. 

INTRODUCTION 

Several investigators have described gross biologic 

responses to electromagnetic energy of specific wave 

lengths, but the details of changes occuring at the 

microscopic level are still poorly known. 

Linke et al 4 , using 2450 MHz, demonstrated the 

destruction of parenchymal cells in rabbit liver ex

posed to microwaves. They also noted almost 

complete necrosis of the kidney and ulceration of the 

anterior wall of the stomach. Valtonen 8 
, using' 

2450 MHz on rats, observed in the peritoneal fluid 

giant mast cells which exhibited a decrease in both 

density and stainability. Richardson 5 suggested that 

changes in living tissue due to microwave radiation 

occur at the 1:t1olecular level. 

The purpose of the present investigation was to 

identify what histopathologic effects follow high field 

strength microwave radiation of liver cells in the rat. 

MATERIALS AND METHODS 

NLR rats were anesthetized with urethane ( 4 mg/kg) 

and exposed to 140 mW/cm2 of 2450 MHz con

tinuous microwave radiation from a Burdick MW 200 

generator. The wave pattern was directed by a 

Type A, 9.9 cm diameter circular antenna placed 5cm 

from the abdominal surface of the animal. A radia

tion chamber consisting of a wooden platform 

surrounded by an absorptive was used. 

The field density of the generator was determined. 

A Plexiglass container (10cm x 10cm x 5cm) was 

filled with 500 cc cif distilled water and placed 5 cm 

from ·the antenna cone. A change in the water tem

perature caused by 85 W output for 10 minutes was 

recorded. The field density was calculated in mW/cm2
• 

The room temperature was 24°C - 26°C, and there 

was no perceptible air movement. 

Rats were exposed to lethal dosages (140 mW/cm2
) 

T.-1._-T. J. Liie Sci., 1971, 1: 1-8 



/ 

2 C. K. O'BRIEN et aL 

for 6 - 8 min ,and death was recorded by flattening 

of the ECG record. The liver was removed, fixed in a 

modified Bouin's solution, dehydrated, cleared, and 

embedded in paraffin. Tissue sections stained with 

PAS-Hematoxylin were visualized under oil immer

sion of the light microscope 21317 

RESULTS 

Irradiated liver parenchymal cells showed extensive 

damage at the subcellular level. 'rhere was a signi

ficant reduction (p < .01) in the diameter of 200 

irradiated liver parenchymal cell nuclei (Table 1). 

TABLE 

MEAN DIAMETER OF NUCLEI AND SINUSOIDS IN 

CONTROL AND MICROWAVE IRRADIATED RAT LIVER 

PARENCHYMAL CELLS 

Number of Counts 

200 ~uclei 
200 sinusoids • 

* 20% reduction 
** 45% increase 

Diameter in Microns 

Control Microwave Irradiation 

0.79 ± 0.006 0.63 ± 0.007* 
4.97 ± 0.120 8.88 ± 0.170** 

Other nuclei were disintegrated into basophilic gra

nules. The nuclear membranes were broken up and 

the chromosome structure could not be visualized. 

The cytoplasm of many irradiated parenchymal cells 

was clear (Fig. 1 ). 

There was a significant increase (p < .01) in the 

diameter of 200 sinusoids in irradiated rat liver 

(Table I) and a reduction in the diameter of the 

parenchymal cells bordering the sinusoids. The 

Kupffor cells were engorged and had increased 

density (Fig. 2). 

Many of the central and collecting veins of the 

irradiated liver tissue were broken and collapsed. 

The endothelial lining of many collecting veins was 

rippled' and was more Periodic Acid Schiff (PAS) 
positive than was non-irradiated tissue (Figs. 1,2,3 ). 

Necrosis predominated in parenchymal cells' surroun

ding those central veins which showed damage and 

increased PAS positivity (Fig. 1 ). (See also Control 

Figs. 4 and 5). 

Zonation of glycogen was extreme in all lobules 

of irradiated liver tissue. There was almost no PAS 

positive glycogen in the periportal parenchymal cells. 

Small amounts of glycogen were present in the cells 

surrounding the central veins. No fat droplets were 

seen. 

Gross examination of the abdominal cavity showed 

massive hemorrhage of the cecum, ecchymoses in the 

ileum and jejunum, petechial hemorrhage of the 

adrenals, constriction of the splanchnic vessels, and 

a. diminution of the blood supply. The posterior 

mesenteric vessels were not constricted and hemorr

hage did not occur. The liver and pulmonary vessels 

were engorged with blood. 

DISCUSSION 

Histologic comparison between control and irradia

ted tissue showed definite disruption of the irradiated 

tissue. Most liver parenchymal cells appeared intact, 

but had reduced PAS positivity. (The PAS positivity 

. of these cells is primarily due to soluble glycogen.) 

A massive reduction in cellular glycogen was indica

ted. There was a total absence of stainable glycogen 

in the periportal area and only small amounts near 

the collecting and central veins. Anoxia and increased 

temperature may have been the cause of this reduction. 

There was disruption of the epithelial lining of the 

central and collecting veins. Thickening of the epi

thelial lining and increased PAS positivity occured. 

It has been suggested that in the absence of glycogen 

the degree of positivity is attributable both to the 

amount of carbohydrate-protein complex present and 

the number of monosaccharide units combined, so as 

to leave 1,2-glycol groups free to react 8 • Deposi

tion of ·reactive substances onto the vascular epi

thelium or disruption of the chemical structure of the 

epithelium may have exposed more reactive sites for 

the PAS reaction. 
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Necrosis of many liver parenchymal cells occured. 

The presence of broken nuclei and scattered chromo

somal material confirm similar observations of 
Linke et al 4 on rabbit liver. 

The reduction in nuclear diameter and in cyto
plasmic granules of irradiated liver parenchymal cells 
confirms the findings of other workers. Thus, 
Sawicki and Ostrowski 6 found similar effects in 
peritoneal mast cells of the rat. 

There appeared to be a sensitivity difference to 
microwave radiation. More necrotic cells occured 
near disrupted central veins than in other places. 
Sensitivity differences between tissue cells have been 
demonstrated by Gunn et al 1 in rat testes in which 
the tubular cells showed more histopathologic chan
ges than did the interstitial cells. 

The average rectal temperature at the time of 
death was 46.S°C. This is a significant elevation 
from the normal and is an expression of the heating 
effect of microwaves. The part it plays in microwave
induced cell ·damage needs to be assessed. It can be 
assumed that microwave damage is not purely one 
of radiation. 

SUMMARY 

Histologic analysis of rat liver tissue exposed to 
2450 MHz/sec microwave radiation revealed necrosis 

of cells. There were changes in nuclear structure, 

vascular structure and sinusoidal diameter. Loss of 

cellular glycogen and ~ncreased PAS positivity of 
certain cells were demonstrated. There appeared to 
be a difference in cellular sensitivity to microwave 
radiation; the cells more proximal to the central 
veins of the liver showed greater necrosis than did the 
more peripheral cells. 
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Fig. 1 1 S00X. Hematoxylin and PAS stain. Disrupted 
collecting vein of irradiated rat liver tissue. 
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Fig. 2 tOOX. Hematoxylin and PAS stain. Disrupted 
,ce::itJal ·.e·.n in irra-iiated rat liver tissue. 
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Fig. 3 150X. Hematoxylin and PAS stain. Zonation of 
glycogen and disruption of central and collecting veins in 
irradiated rat liver tissue. 
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Fig. 4 700X. He:natoxylin and PAS stain. Control rat 
liver tissue. Interlobular vein and collecting vein of rat liver. 
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Fig, 5 lS00X. Hematoxylin and PAS stain. Liver 
parenchymal cells of normal rat liver. 
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