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The Sieve Effect for Tumor Induction with Low voltage
X-Rays in Rat Skin

Introduction

It has been known for a long time that radiation is less

effective in producing skin damage when given in a sieve pattern

than in a uniform dose pattern (1). In an earlier experiment in

the current series, it was shown that a sieve pattern affords

protection against the oncogenic effect of electron radiation

(2).  On the other hand, for high LET radiation (protons) in a

sieve pattern no reduction in tumor incidence per unit area

was observed (3).

With respect to biological activity, electrons and protons

differ in two significant respects: The first difference is

linear energy transfer or LET.  Protons produce densely ionizing

tracks and in the tumor induction experiment referred to above,

the LET was about 10 Kev/B.  The average LET for the electron

beam was only about 0.3 Kev/B.

The second difference is that electrons are lighter than

protons and undergo frequent large angle scattering events which
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result in "blurred" geometrical boundaries. Either or both of

these properties could explain the apparent discrepancy in sieve

protection for tumor induction by electrons and protons.

The purpose of the present experiment was to utilize low

voltage X-rays to determine which property is most likely to be

associated with sieve protection. Grenz rays produce secondary

electrons with LET values intermediate between the values for

high energy electrons and protons. Grenz ray absorbtion is

almost exclusively a photoelectric process without scattering and

geometrical irradiation patterns can be produced with sharp

dose boundaries as with protons.

Materials and Methods

Rats were obtained from the Charles River Breeding Farms

and were 58 days old at the time of irradiation.  They were

anesthetized with intramuscular Thorazine followed 20 minutes later

by 25 mg/kg intraperitoneal Nembutal.  For the irradiations the

rats were placed in small wooden boxes. A cutout in the lid of

each box exposed 8 x 2.6 cm of the dorsal skin. Two Grenz ray

tubes (Umholz Corp.) were operated simultaneously at 25 KVP through

a beryllium window.  The target to skin distance was 194 inches
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and the half value layer in aluminum was 25 W.  The dose rate was

uniform at 260 R/min i 10% in an 8" diameter circle and 3 rats

were positioned under each head. The sieves were constructed of

0.35 mm brass with holes punched in a regular pattern at the

vertices of an equilateral triangle (Fig. 1).  The percentage of

open area was 24% and 23% for the 1.6 and 0.5 mm diameter hole

patterns, respectively.

The rats were observed every 6 weeks and all lesions were

noted and photographed. Each lesion was identified and followed

until histologically verified as a tumor at death or the end of

the experiment. Appearance time was assumed to be the end of the

interval in which the tumor was first observed.

The number of tumors per rat was determined in each interval

by dividing the number of new tumors by the average number of

rats alive during the interval. The values for tumors per rat

in each interval were cumulated to give the total tumors per rat

as a function of the postirradiation elapsed time.

Results

The protocol is shown in Fig. 2.  A total of 261 rats were

irradiated.  In the groups designated uniform plus sieve, 2/3 of
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the total dose was given with the sieve mask in place.  The X-ray

units were switched off and the remaining 1/3 of the full dose

was delivered uniformly on the entire area. The combined sieve

and uniform pattern was an attempt to mimic the scattering that

occurred in the original experiment with electrons.

The cumulative tumors/rat as a function of the postirradiation

elapsed time for the uniform irradiation pattern is shown in

Fig. 3. The curves are linear with time intercepts at about 15

weeks and 40 weeks for 2000 R and 1000 R, respectively. Only one

tumor occurred at 330 R. The error bars were calculated from

the square root of the total number of tumors.

The cumulative tumors per unit area for the various sieve

patterns is shown in Fig. 4. The values in Fig. 4 were calculated

by dividing the tumors per rat by the fraction of open area so

that comparisons- can be made with the uniform pattern results

for equal irradiated areas. Irradiation around the pores with

1/3 the total dose had no apparent affect on the final tumor yield,

although the initial rates of appearance differed by a factor of

4.  The error bars were calculated from the square root of the

total number of tumors.  At 2000 R the tumors per unit area for

.......



6-

the 0.5 mm pores was significantly lower than the corresponding

values for the 1.6 mm pores.  At 1000 R only 2 tumors occurred

in the 1.6 mm pore group and no tumors occurred for 0.5 mm group.

Figure 5 shows the tumors per unit area at 76 weeks as a

function of the dose. The data in Fig. 5 represent the tumors

per rat for equal irradiated areas. The unit area was arbitrarily

chosen·as the area in the uniformly irradiated rats. The tumors

per unit area for the 1.6 mm pores at 2000 R is 70% of the

corresponding uniform pattern.  For the 0.5 mm pores the tumors

per unit area was only 16% of the corresponding uniform pattern.

At 1000 R the number of tumors is too small to calculate reliable

ratios but the trend is similar to that occurring at 2000 R.

Discussion

The results of the present experiment indicate that significant

sieve pattern protection occurs for tumor induction by Grenz

rays and the protection is unaffected by irradiating the tissue

surrounding the pore with 1/3 the pore dose.  Hence, the most

likely explanation is that sieve protection is a property of low

LET radiation and is independent of the scattering properties of

the radiation.

-.
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Numerous experiments with cultured cells have shown that with

-  respect to cell lethality low LET radiation produces a type of

effect from which recovery is possible.  Recoverable damage, so

called sublethal damage, either does not occur or occurs to a

much lesser extent for high LET radiation than for low LET.

Thus, the results of the present experiment can be explained

by assuming that the carcinogenic damage produced by radiation is

similar with respect to recoverability to lethal damage. If the

carcinogenic damage produced by high LET radiation were irreparable

then the exposure pattern would be irrelevant and sieve protection

could not occur.  If, on the other hand, the carcinogenic damage

produced by low LET radiation contained a reparable component

whose recovery were somehow enhanced by the proximity of

unirradiated tissue, the sieve pattern would be expected to provide

protection.

The   nature   of the process whereby norma 1 tissue might enhance

the recovery of irradiated tissue is unknown. One explanation

offered many years ago by Jolles is that the radiation produces

a diffusible intermediate compound that causes the biological

damage.  However, the identity of the diffusible compound is

...         I
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unknown.  Another possible explanation is that the normal tissue

actively protects the irradiated tissue by, for example, providing

DNA repair enzymes that would otherwise be either damaged or

depleted in the irradiated tissue.  The correct explanation must

await further experimentation.

a
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Protocol

Initial Number of Rats *Uniform + *Uniform +

Dose Uniform 1.6 mm Sieve 0.5 mm Sieve 1.6 mm Sieve 0.5 mm Sieve

330 R 18

1000 R 18 30 30 30            30

2000 R    15 30 30 30

*The full dose was given within the pores while the remainder of

the tissue ruceived 1/3 the full dose.

Figure 2
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