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ABSTRACT

ALTERED RENOPRESSOR RESPONSE-PATTERN
TO ENDOTOXIN RADIATED WITH RADIO-FREQUENCY ENERGY

OBJECT

To determine if radio-frequency energy alters the pharmaco-
dynamic properties of S. typhosa endotoxin.

RESULTS

Injected S. typhosa produces a characteristic diphasic pressor
response in the renal vascular bed. There is an immediate transient
mild rise followed by a more intense and prolonged rise which subse-
quently returns toward or to the pre-injection level. Radiating S.
typhosa at 10.40 Mc/sec modified the above pressor response-pattern.
The first pressor response was considerably enhanced and the second
remained permanently sustained. i. e., there was no return toward the
pre-injection pressure level. Radiating endotoxin at 13. 34 Mc/sec in-
tensified the first pressor response but did not modify the second
pressor response.

RECOMMENDATIONS

1. It is recommended that the nature of the change (physical,
chemical?) induced in the S. typhosa material by radiation with 10.40
,4c/sec be investigated.

2. It is recommended that it be determined whether radiation
of this material alters its lethal characteristics by using an appropri-
ately designed experimental serie-s with sma'l animals such as cocker-
els or mice.

3. The effect of other radio-frequency energies should be simi-
larly investigated.
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ALTERED RENOPRESSOR .ESPONSE- PATTERN
TO ENDOTOXIN RADLATED WITH RADIO-FREQUENCY ENERGY

I. INTRODUCTION

The investigation of the effects of high-frequency currents on
bacterial toxins was first studied shortly after the work of Tesla in
1891 (1). D'Arsonval (2) treated diphtheria exotoxin with short-
waves and reported that this treatment resulted in a diminution of
toxicity. Szymanoski (3) reported that ultrahigh-frequeacy radiation
is capable of producing definite attenuation of the three major bacterial
toxins; diphtheria, tetanus, and botulinus, in raw broth filtrates. This
effect was obtained without the development in the toxin of temperatures
that would by themselves affect the potency of the toxin. There has
been little work done on the effects of radio-frequency energy on bac-
,erial endotoxins.

It has been reported by Bach et al (4) that the electrophoretic
pattern and antigenic reactivity of humrnan gamma globulin can be alter-
ed by exposing the protein in vitro to radio-frequency energy (R. F.E.)
of the proper frequency and field strength. A more recent investigation
indicated that R.F.E. irradiation may also alter other protein systems,
such as serum amylase (5).

A purified lipopclysacchat ide complex of S. typhosa was chosen
for this investigation primarily because it is exceptionally thermostable
(resists autoclaving and boiling) (6-8).

II. MATERIALS AND METHODS

Animals. Dogs, weighing 10-15 kg, were used and anesthetized
with intravenously administered sodium pentobarbital (33 mg/kg). Hep-
arin sodium (5 mg/kg) was adminictered intravenously.

Renal Perfusion. The kidney was perfused by the technique of
Hardin et al (9). In brief, the a'3d)minal aorta was exposed retro-
peritoneally through a left flank incision and the lumbar vessels tied.
Blood from the body pool was then withdrawn from a carotid artery
with a precalibrated pressure-independent Sigmamotor pump (Model
T-6) and perfused into the abdominal aorta in a cepha.lad direction
through a right angle glass cannula tied in position 3 c-n below the left
renal artery. Taking care not to disturb the left kidney, the aorta was
occluded with a Potts clamp placed between the left and right renal
arteries. This diverted the entire output of the pump through the left



kidney. By adjusting the pump renal blood flow was maintained at an
average value of 75 ml/m-n (range 50 zo 150 ml/min) which poduced
a mean arterial perfusion pressure of approximately 100 mm Hg.
This provided a blood flow of approximately 2-3 ml/gm of kidney tis-
sue. After traversing the renal vascular bed, the pumped blood re-
turned to the body pool via the renal vein.

Renal arterial and systemic arterial pressures were measured
by a needle inserted in the perfusion tubing just proximal to the glass
cannula, and by needling the proximal aorta, respectively. Renal
venous pressure was obtained by needling the renal vein. These pres-
sures were reco-ded on a direct writing oscillograph recorder connevct-
ed to Statharn pr,:ssure transducers. Ronal vascular resistances were
calculated by dividing the pressure gradieat from renal artery to renal
vein by the blood flow per 100 gm kidney weight. The resistance units
were expressed as mm Hg/ml/min/100 gm kidney weight. Statistical
analysis was done using the "Student T test."

Endotoxin. The dose of Salmonella typhosa 0901 (Bacto Lipo-
polysactihrrida, Difco haboratories)--whether irradiated or unir-
radiated-..administered was 0.6 mg/kg. This dosage is always lethal
for the dog. It was injected from a calibrated eyringe by hand in one
bolus directly into either the perfusion system just proximal to the
renal artery or into a systemic vein. Renal and systemic pressures
were recorded for 30 minutes following an injection of endotoxin.
Base line pressures were recorded for at least 10 minutes previous
to each injection. For control purposes, five animals were followed
over a 30-minute period without administration of tndotoxin. and 15
dogs were given nonirradiated endotoxin directly into the perfused
renal artery. Endotoxin radiated at 10.40 Mc/sec and at 13.34
Mc/sec was administered to groups of 13 and 14 dogs, respectively.
Endotoxin was radiated in vitro in 2. 5 ml batches (enough for one
dog) or in 5 ml batches (enough for two dogs). The last eight experi-
ments in the nonirradiated 10.40 Mc/sec and 13.34 Mc/sec irradiated
groups represent experiments done six months .fter the initial experi-
ments. In the latter experiments completely different instrumentation
was used to radiate the endotoxin. Since the results were identical
with the ones obtained six months earlier, the results were combined
in the figures and taules accompanying this report.

Electronic Apparatus. A Hewlett-Packard VHF Signal generattor

(Model 608D) was used as a source of energy for radiating endotoxin
samples. From this source the signal was amplified through a ca6cade

2



of low power voltage amplifiers (one LFI* Model 530. and two IFI * Mod-

el 500A) and a wideband power amplifier (IFI* Model 400). The am-

plified signal was then passed through directional couplers (two Bendix

Micromatch Model 252N1) arranged back to back. This arrangement of

couplers permitted the measurement of incident and reflected power to

the exposure chamber (Fig. 1). These measurements were used to de-

termine the voltage standing wave ratio (VSWR). The VSWR in all ex-

posures of endotoxin was less than 1.08.

The exposure chamber (a tunable circuit) consisted of a coil

which surrounded a glass water jacket (Fig. 2). The water jacket

held the test tube cont&ining the endotoxin sample in the R.F. energy

field. Changes in the temp..rature of the coolant were monitored by

thermistor probes (Yellow Springs Instrument Company) in the inlets

and outlets of both the energized and non-energized exposure chambers.

To minimize temperature increases in the sample of endotoxin during

radiation, high coolant flow rates were used (10 liters per minute).

oolant temperatures were stabilized at 12. SIC. No differences in

the temperatures of the affluent and effluent coolant were observed

during the exposures.

The power delivered to the energized exposure chamber was

15.0 watts; .4 watt was reflected. Thus, the apparent power delivered

was 14.6 watts. All power measurements were made from the direction-

al couplers. For consistency in experimental technique and to insure

identical exposure conditions, all power r.,easurements were replicated

during each radiLion experiment.

I. RESULTS

Control Data. No significant changes were observed in renal

artery. renal vein. or systemic arterial pressure of five dogs** (10)

in which pressures were recorded continuously for a 30-minute period

for control data purposes (Table I).

Nonirradiated Endotoxin.

Renal Arterial Injection. Injection of S. typhosa endotoxin

into the perfused renal artery produced a characteristic diphasic

*Instruments for Industry.
**These data on the control animals and animals rec-.ving nonirradiated

endotoxin have been previously reported (USAMRLReport No. 551. 1962)

(10).
3



pressor response illustrated by the photograph of a representative
record shown in Figure 3. First, the:e was an immediate transient
mild rise in renal pressure which rapidly returned to the pre-injection
level. Subsequently, a second delayed and greater increase in ren'.l
pressure developed progressively, reaching a maximum in 5-10 min-
utes after which it returned toward, or to, the normal level where it
remained for the duration of the 30-minute recording.

There was little, if any. variability from one animal to an-
other in the characteriatic oi the initial transi,-nt pressor response to
endotoxin. However, there was considerable variability in the mag-
nitude and duration of the second delayed pressor response. This is
shown by the family of curves covering each of the 15 experiments
shown in Figure 4 and the data in Table 2. However, the response-
pattern, a rise in pressure with subsequent return to or toward the
pre-injection level, is the fact,.r which is common to each experimei

Systemic Injection. The renal vascular response to endotoxii,
injected systemically was also diphasic (10). The first pressor re-
sponse was, of course, slightly deleyed and was less pronounced. The
second delayed pressor response was Aimilar to that following intra-
renal artery injection; the samee variability in the magnitude of response
and, except in two instances, the same response-pattern. The family
of curves covering each of eight such experiments is shown in Figure
5. The exceptions in response-pattern are marked with X on the right.
Note that in the.ae exceptions the pressor response was sustained; there
was no return toward the pre-injection level during the 30-minute run.

Irradiated Endotoxin.

10.40 Mc/sec. Injection of endotoxin previously radiated
with 10.40 Mc/sec radio-frequency energy also produced the charac-

teristic diphasic response but the response-pattern differed in certain
respects from that produced by nonirradiated endotoxin. A representa-
tive record is reproduced in Figure 6. the family of curves covering
each of 13 experiments ii shown in Figure 7. and the data covering each
experiment are presented in Table 3.

The first transient response was uniformly greater in ma& ii-
tude following the 10.40 Mc/sec radiated than following the nonirraiiated
endotoxin. This is readily evident by comparing the height of the first
response in Figures and 6, and by the data presented in Tables 2 and
3.

4



There was also a definite change in the second delayed
pressor response-pattern subsequent to radiation of the endotoxin by
10.40 Mc/sec. First, there was less variation in the magnitude of the
increase in pressure and, secondly, and more important, is that uni-
formly, except in one instance, the maximal height in pressure attain-
ed was sustained for the duration of the 30-minute recording; there
was no return to or toward the pre-injection levels as occurred after
the injection of unirradiated endotoxin.

This difference in the response-pattern between 10.40 Mc/sec
irradiated and nonirradiated endotoxin is readily evident by comparing
the tracing in Figures 3 and 6 and the families of curves in Figures 5
and 7. This difference is particularly well emphasized and character-
ized by the average data for the two different groups of experiments
shown in Figure 8.

13. 34 Mc/sec. Injection of endotoxin previously radiated
with 13. 34 M'c/sec enhanced the first pressor response but the second
pressor response did not differ notireably from that produced by unir-
radiated endotoxin. This is evidenced by the family of curves covering
the individual experiments shown in Figure 9, by the data tabulated in
Table 4, and the average data shown in Figure 10.

IV. CONCLUSIONS

The foregoing data clearly demonstrate that radiating the endo-
toxin material in vitro with 10.40 Mc/sec, altered its pharmacodynamic
properties as evidenced by a characteristic and predictable chalge in the
prescor response-pattern elicited in the renal vascular bed. The radio-
frequency range of 10.40 Mc/sec was in some way specific because
radiating with a frequency of 13.34 Mc/sec did not cause as great a
change in pharmacodynamic properties of the endotoxin material. The
nature of the change (physical, chemical?) in this material induced by
10.40 Mc/sec radiation remains problematical. However. to be emn-
phasized is the fact that the pharrn.codynamic properties of this ma-
terial was enhanced by radiation rather than being attenuated as re-
ported in other investigations (2, 3).

The initial transient pressor response is reasonably certain to
be a direct effect of the endotoxin on the renal vascular musculature.
First, this pressor response occurred before the endotoxin had tirre
to return to the renal bed after circulating through the body blood pool
when the endotoxin was introduced directly into the renal artery. rhis

5



response appeared later and the pressor effect was not as great when

the endotoxin was administered systemically. Secondly, the initial

pressor response was not altered, whether given directly or system-

ically, by the previous administration of phentolarnine or reserpine

(10).

The second more pronounced pressor response has been previous-

ly demonstrated to bo due to the action of catecholamines released into

the blood stream when the endotoxin reaches the systemic circulation
(11). It is generally believed th.ct endotoxin, in addition to directly
exciting vascular musculature, also sensitizes this musculature to
catecholamines (12).

V. RECOMMENDATIONS

I. It is recommended that the nature of the change (physical,

chemical?) induced in the S. t material by radiation with 10.40
Mc/sec be investigated.

2. It is recommended that it be determined whether radiation of

this material alters its lethal characteristics by using an appropriately
designed experimental series with small animals such as cockerels or
Mice.
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EXPOSURE ARRANGEMENT FOR SOLUTIONS

.It

Fig. 2. The exposure chamber (a tunable circuit) consisting of a ccil
which surrounded a glass water jacket that was used to radiate the en-
dotoxin.
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rig. 4. The renal artery pressure of the 15 dogs in which non-
irr&c4.ated ondotoxin was injtcted into the perfuYed renal artery.
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Fig. 7. The renal artery preu.tire of the I I dolls in -%,hirh 10 -40 M ici

irradiated endotoxin wasn injected into the perfumedi renal artery.
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Fig. 9. The rental artery pressures of the 14 doge in which 1 3. 34 Mc/se-
irradiated endotoxin was injected into the perfused renil artery.
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TABLE 1. Renal artery pressures of the control animals.

Delayed Pressor Response

Time (min) 0 10 15 20 25 30

Exp. No.

1 100 100 100 104 108 108 104

2 90 90 92 90 82 90 95

3 90 92 90 95 87 90 95

4 107 105 105 105 100 95 95

5 97 97 98 100 97 99 97

Mean 9~7 97 97 99 95 96 97

S.E. *3. 3 *2.7 *Z. 7 *2.7 *4.6 *3.4 *2

18
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