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ABSTRACT,‘

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

OBJECT

To determlne if radio-frequency energy alters the pharmaco-
dynamic properties of S. typhesa endofoxiz

‘RESULTS

Injected S. typhosa produces a charac:ensuc diphasic pressor
response in the renal vascular bed. There is an 1mn11°d1ate transient
mild rise followed by a'mote intense and prolenged rxse which subse-
quently returns toward or to the pré- -injection level. Rachat*ng S.

typhosa at 10.40 Mc/sec mod1f1ed the above pressor response- pattern.

‘The first pressor response was considerably enhanced and the second
remained permanently sustained, i.e., thére 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 modxfy the second .

pressor response.

R'E,.COMMENDA'I-‘IONS

I. It is recommended that the nature of the change (physxcal
chemical?) induced in the S. typhosa material by radlatxon with 10. 40
‘Mc/sec be 1nvest1gated -

2. It is recommended that it be determined whether radiation
of this material alters its lethal characteristics by using an appropri-
ately desxgned experimental series with small animals such as cocker-
€1s or mice.

3. The effect of other radio- Irequency energles should be simi-

"larly investigated.
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~ALTERED RENOPRESSOR RESPONSE-PATTERN
TO ENDOTOXIN RADIATED WITH RADIO-FREQUENCY ENERGY

I INTRODUCTION

The investigation of the effects of high-frequehcy 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- frequency radiation
is capable of producing definite attenuativn 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-
terial endotoxins.

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

A purified, lipopeolysaccharide complex of S. typhosa was chosen

" for this investigation primarily because it is exceptionally thermostable

(resists autoclaving and boiling) (6-8).

I1. MATERIALSA AND METHODS

Ammals. Dogs, wexghmg 10-15 kg, were used and anesthetized

‘with intravenously administered sodium pentobarbital (33 mg/kg) Hep-

arin sodium (5 mg/kg) was admm1stered mtravenously,

Renal Perfusion. The kidney was perfused by the technique of
Hardin et al (9). In brief, the abdominal aorta was exposed retro-
pentor‘eally through a left {lank 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 cephalad direction
through a right angle glass cannula tied in position 3 cm 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

1
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- kidney. By adjusting the pump renal blood flow was main;a-i-ned‘at an

average value of 75 m1/min (range 50 to 150 mi/min) which produced
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 r'ee-.
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 needhng the renal vein. These pres-

sures were recorded on a direct writing oscillograph recorder connect-
ed to Statham pressure transducers. Renal vascular resistances were
calculated by dividing the pressure gradient from renal artery to renal
vein by the blood {low per 100 gm kidrney weight. The resistince units
were eéxpressed as mm Hg/ml/min/ 100 gm kidney wexght Statistical
analysxs was done using the "Student T test. "

Endotoxin. The dose of Salmonella typhosa 0901 (Bacto Lipo-
polysacchande Difco Laboratories)~-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 syringe by hand in one
belus directly into either the perfusion system just proximal to the
renal artery or into a systemic vein. Renal and systeric pressures
were recorded for 30 minutes following an injection of endotoxin.
Base line pressures were recorded for at least 10 mijnutes previous
to each injection. For control purposes, five animals were followed
over a 30-minute period without administration of endotoxin, and 15
dogs were given nonirradiated endotexin directly into the perfused

~rénal artery. Endotoxin radiated at 10..40 Mc/s.ec and ‘a‘t 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 -(;nough 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 after 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 tables accompanying this report.

Electronic Appa‘rat'ls. A Hewlett-Packard VHF Signal generator

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

2
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of low power voltage amphhers (one 1FI* Model 530, _and’'two IFI Mod-
el 500A) and a wideband power amplifier (IFT¥ Model 400). The am-
plified sxgna.l 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 refl ected powér to
the exposure chamber {Fig. 1). These measurements were used to de-
termine the voltage standing wave ratio (‘V’SWR). The VSWR in all ex-
" posures of endotoxin was less than I.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 ¢ontaining the endotoxin sample in thée R.F.. énergy
field. Changes in the temperature 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).
memperatures were stabilized at 12.5°C. No differences in
the temperatures of the affluent and effluent coolant were observed
during the exposures.

The power delivered to the energized éxposure 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 'directio.nn’
al couplers. For consistency in experimental technique and to insure
-identical exposure conditions, all power measurements were rephcated
during each radlatlon experiment.

II. RESULTS

Control Data. No significant changes were obsetved in renal
artery, renal vein, or systemic arterial pressure of five dogs** (10)
in which ptessures were recorded continuously for a 30-minute per.od
for control data purposes (Table l)

No_n_i_rradiated Endotoxin.

Renal Arterial Injection. Injection of S. typhosa endotoxin.
into the perfused renal artery produced a characteristic diphasic

*Instruments for Industry.
**Thp~e data on the control animals and animals receiving nonirradi

‘endotoxin have been previously reportcd {(USAMRL Report No. 551,
o '
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pressor response illustrated by the photograph of a representanve
record shown in Figure 3. First, there was an immediate transient
mild rise in renal pressure:which rapidly returnzd to the pre-injection
, level. Subsequently, a second delayed and greater increase in ‘Tenal
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 {rom one animal to an~
other in the characteristic of the initial transient 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 prcssure with su'bsa,qu.eht_ return to or toward the
pre-~injection level, is the factor which is common to each experiment.

Systemic Injection. The remal vascular response to endotoxin
injected systemically was also diphasic {10). The first pressor re-
spohse was, of course, slightly delayed and was less pronounced. The
second delayed pressor response was similar to that folléwing intra-
renal artery injection; the same variability in the maommde of response
and, except in two instances, the same response-pattern. The family

' of curves covering each of eight such experlmtrts is shown in Figure
5. The exceptions in response-pattern are marked with X on the right.
Note that in these 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-{requency 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 is shown in Figure 7, and the data covering each
experiment are presented in Table 3.

The first transient response was uniformly greater in magni-
tude following the 10.40 Mc/sec radiated than following the nonirradiated
endotoxin. This is readily evident by comparing the height of the first

. response in Figures 3 and 6, and by the data presented in Tables 2 and
3. :
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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 ma.gmtude of the
increase in pressure and, secondly, and more important, is that uni-
formily, 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 différence in the response-pattern between 10.40 Mc/sec
irradiated and nonirradiated endotoxin is readily evident by companng
the tracing in Figures 3 and 6 and the families of curves in Figures S

‘and 7. This difference is particularly well emphasized and character-

" ized by the average data for the two differer. groups of experiments

~shown in Figure 8.

13. 34 Mc/sec. Injection of endotoxin previously radiated
with 13.34 Mc/sec enhanced the first pressor response but the second.
pressor response did not differ noticeably 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.

1V. 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 change in the
presgor response-pattern elicited in the renal vascular bed. The radlo—
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 bé em-
phasized is the fact that the pharmacodynamxc properties of this ma-
terial was enhanced by radiation rather than being aftenuated 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 muscnlature.
First, this pressor response occurred before the endotoxin had time
to return to the renal-bed after cirtulatisng through the body blood pool
when the endotoxin was introduced direetly into the renal artery. This
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response appeared later and the presscr effect was not as great when
the endotoxin was administered systemically. Secondly, the initial

. pressor response was not altered, whether given directly or systems-

ically, by the previous administration of phentolamme or reserpine

| '(10)

The second more pronounced pressor response has been previous=- -
ly demonstrated to be due to the action of catecho_ia.mines released inte
the bloocd stream when the endotoxin reaches the systemic circulation
(11). It is generally believed that endotoxin, in addition to directly -
exciting vascular musculature, also sensxhzes this musculature to
catecholammes (12)

V. RECQMME_NDAT-IONS
1. It is recommianded that the nature of the change (ph’ysmal
chemical?) induced in the 8. y_phosa material by radiation with 10.40

Mc/sec be 1nvest1gated

2. It is recommended that it be dete rmied whether radiation of

‘this material alters its lethal char’ﬁcté'ristics by using an appropriately

designed experimental series with srpall cnimals such as cockerels or
mice.
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Fig. 3. A representative tracmg of an experiment in which the nonirradiated endotoxin was ad-
ministered locally into the perfused renal artery. The initial transient vasoconatrictwn followed-
by the secondary eusta.med vasoconstriction can be seen.
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Fig. 4. The renal artery pressure of the 15 dogs in which non-
irradiated endotoxin was injected into the perfused renal artery,
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Fig. 7. The renal artery préessure of the 13 dogs in which 10.40 Mc/sec E
irradiated endotoxin was injected into the perfused renal artery. F
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TABLE 1. Renal artery pressures of the control animals.

‘Delayed Pressor Response

Time (min) 0 5 10 . 15 z0 25 30
Exp. No.
1

2

Mean

S.E.

e
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TABLE 2, .Renal artery pressures of the dogs in which nonirradiated endotéxin was injected
' directly into the perfused renal artery. Average kidney weight was 33 gm and aver-
age perfusion flow was 70 ml/min, ’

First Pressor Response _ - __Second Pressor Response

Time (min) 0 Peak ; 1 5 10 15 = 20 25 30

Exp. No, ' . ' . ‘
1 100 - 130 12 z72 ¢ 220 188 192 188 176
2 88 148 o 100 164 120 92 - 80 88 88
3 104 200 o 144 320 320 232 228 228 - 240
4 80 100 S 90 120 120 116 116 104 96
5 104 140 . ' 110 260 320 280 260 248 248
6 100 125 , 100 180 . 148 120 100 - 100 100 .
7 100 150 ' 104 152 200 112z - . -
8 124 152 120 150 140 130 60 - . -
9 100 180 150 165 195 165 153 . 165 150
10 100 220 135 280 266 220 165 175 160
11 100 150 104 125 160 150 © 150 140 . 145
12 100 150 : 105 125 . 125 115 110 110 115
13 105 165 125 308 308 266 257 266 266
14 125 175 150 190 130 110 100 100 90

15 110 225 . : 150 155 175 15% 140 155 = 155

Mean 103 161 117198 196 163 151 155 - is6

S.E. £2.9 £9.5 £ 6 +18 x21 =15 x17 17 % 17
, Calculated resistance mm Hg/m}/min/100 gm kidney weight

Mean 49.5 59,4 48,8 94.1 93.4 77. 6 75.5 75.6 73,9

S.E. % 1.7 6.6 | £4.0 %56 443 £3,0 £33 £33 23,0

o
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Renal drtery pressures of the ‘dogs in which 10,40 Mc/sec irfadiated endotoxin was
injected directly into the renal artery, —Average kidney weight was 42 gm and aver-
age perfusion flow was 80 ml/min,

" First Pressor Response Second Pressor Response

0z

+ 5 = 11 & 10 # 11 & 11 £10 10 4 9 = 9

Time (min) 0 Peak. - I 5 10 15 20 25 30
1 85 123 - .75 75 65 65 . 85 100 . 112
"2 70 170 ‘ %0 70 85 145 175 215 - 225
3 70. 190 . 135 275 215 210  t75 160 165 .
4 70 185 - 120 180 150 - 165 140 155 140
5 75 170 : : 105 - 250 250 235 225 200 225
6 ¢ 100, 215 ‘ : 150 150 165 - 190 220 195 175
7 120 225 175 240 - 240 240 240 240 240
8 100 200 .- 180 235 200 215 225 230 230
9 100 225 155 220 250 230 210 210 250
10 100 - 175 150 160 215 195 215 a25 235
i1 100 200 i 150 190 . 212 - 200 200 322 364
12 103 160 120 195 217 210 205 215 217
13 95 225 o 175 210 196 180 165 . 207 210

91 ~ 190 . . 137 180 © 189 191 191 199 214
£ 4,0 %£8.3 _ £ 8.6 « 18 =+ 16 £ 13 =12 =14 = 18

Calculated resistance mm Hg/ml/min/100 gm kidney weight

50 104 .. 75 105 105 107 107 116 112
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Renal artery pressures ofthe dogs in which 13, 34 Mc/sec u'radzated endotoxin was,

£ 8

* TABLE 4.
: injected directly into the renal artery. Average kidney weight was 41 gm and avere.
age perfusion flow was 85 ml/min.
. First Pressor ‘Response Second Pressor Response '
Time {min) 0 Peak 1 5 10 15 20 25 30
Exp. No, i ‘
i 85 140 90 135 130 65 60 - -
2 75 155 80 70 155 205 215 210 205
3 85 187 177 80 100 115 150 170 160
4 95 115 90 110 95 75 65 60 55
5 75 220 150 200 130 90 115 - 165 175
6 90 180 95 325 175 80 55 " 50 . 50
7 100. 175 180 230 150 200 215 190 200
8 100 225 188 175 210 210 . 215 1"7:5 200
9 100 150 140 172 130 100 95 105 130
10 102 215 125 155 140 137 140 140 140
11 95 240 225 - 225 210 160 200 130 115
12 95 200 125 235 160 100 100 1r0 150
13 95 200 125 300 225 220 210 18% 215
14 100 200 140 275 157 192 235, 215 215
Mean 92 186 138 192 155 139 148 147 - 155.
S, E, *4.0 %10 11 &2l £11  &£15 £18 £18 16
Calculated resistanc e mm Hg/ml/mm/lOO gm k1dney wi&_
Mean’ 4.4 90 67 90 . 74 66 70 71 72 .
S.E. £ 1,8 £10 £ 9 £ 5 & 7 % 8§ £ 6 .z 6
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e toristic diphasic pressor response in the renal
* vascular bed.

followed by a more intepse and prolon?ed.rino whi
o turns toward or to the pre-injection level, Radi
:doto‘xin gt 10,40 Mc/sec modified the above presso

¢ pormgnently sustaiped, i.e., there was no return

There is an immediate tranalent mild rise in pressure

ch subsequently re-

ating S. typhosa efi=
r resp?h;E%gﬁTTﬁtn.
-« The first pressor response was enhanced and the second rebained

toward the pree

Y injection pressure level. Radiating endotoxin at 13.34 Mc/sec ens
o.hanced the first pressor responsec-pattern but did not alter the

¢ sevond pressor responsmspatters,

NPECPROGEEIPOCEPTVINCOPIOGOIPICOEGGEIOPOPIOIOOSTS

teristic diphdsic pressor response in the renal
vasculdr bed, Thete is ¢n immediate transient mild rise in pressure
followed by a more intanse and prolonged rise which subsequently re-
turns toward ‘or to the pre-injection level, Radiatiag §. typhosa en~
dotoxin at 1040 Mc/sec modified the cbave pressor response-pattera.
The firast pressor response was enhanced and the secend remcined
Termanently sustained, i.,e., there was o retiirn toward the pres
njoction pressure [ovel. Radiating endotoxin at }3.34 Mc/sec eaw
hanced the first ptessor response-pattern but did not alter the
second pressor response-pattern.
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