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USAMRL Report No. 565 
DA Project No. 3A012501B813 

ABSTRACT 

ALTERED RENOPRESSOR RESPONSEa..PATTERN 
TO ENDOTO:XIN RADIATED WITH RADI-0-FREQUENCY ENERGY 

OBJECT 

T0 determine if radio-Ir:',nluency en~rgy alters the pha~rnaeo
dynamic properties of S. typhosa endq!oxin. 

.RESULTS 

Injeeted S. typhosa produces a charaqeristic diphasic .pre:ssor 
response in the r.cnal vascula.r bed. There is an irnme_diate tr.a,nsient 
mild rise followed by a· more jnt-ense and prolcnged rise which silbse-· 
quently returns towa~d <)r to t~e pre..:injection level. R.ad_iating S. 
typhosa at lQ. 40 Mc./ sec modified the above presser :tesponse__,p-;ttern. 
The first .pressor response was co~s!.derably enhanced and the ~econd 
remained permanently sustained, _i.e., there was no return toward the 
pre-injection pressur-e level. Radiating endotoxin at 13. 34 Mc/sec in-, 

tensified the first pressor response but did ·not mo.dify the secohd .. 
_pl"'es~or response. 

REpOMMENPATIONS 

1. It is recommended that the nature of the charige (physical, 
c·hemical?) induced in the S. typho.sa material by radiatio~ with 10. 40 
Mc/ sec be investigated. -

2. It is recomrnended that it be determined whether radiation 
of this material alters its lethal characteristics by using an approp'ri,;. 
:ately designed experimental series with small animals such as (;:Ocker
-els or mice • 

3. The effect of other radio-frequency energies should be simi
-:larly investigated. 
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.. ALTZRED RENOPRESSOR RESPONSE-PATTERN 

TO ENDO TOXIN RADIATED WITH RADIO-FREQUENCY ENERGY 

I. ~TRODUCTION 

The investigation of the effects of high-frequency currents on 

bacterial to.xins was first studied shortiy after the work of Tesla in 
189 l (1). D' A1·sonval (2) treated diphtheria exotoxin with short-

. waves and reported tl\at this treatment resulted in a diminution o! 
toxicity. Sz}'Illanoski (3) reported that ultrahigh-frequency radiation 

is capable of producing definite att.enuation oJ the thrfe major b;acterial 

toxins; diphtheria, tetanus, and botuliims, in raw ·broth filtrates. This 

effect was obtai.ned without the .development in tl}e toxin of temperatures 

that would ·by themselves affect the potency of the toxin. ·There ha.a 
been little work done on the effects of radio-frequency ·energy on bac

teria.l endotoxins. 

It _has been reported by ~ach !:,! al (4) that the electrophoretic 

pattern and antigenic reactivity of hurnan gamma globulin can be alter

ed by exposing• the protein in vitro to ·radio-frequency energy (R. F .E.) 

of the proper frequency antlfield strength, A more re~ent investigation 

indicated that R. F. E. irradiation may also alter other protein systems. 

such as serum amylase (5). 

A purified lipopolysaccharide complex of~- typh9sa was chosen 

for ~his 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 pentoba·rbital (33 m.g/kg). Hep

arin sodium (5 mg/kg) was administered intra,.,enously. 

Renal Perfusion. The kidney was perfused by the technique of 
Hardin et al (9). In brief, the al;>dominal •ao:rta was exposed retro

periton;;lly through a left flank incision and the lumbar ves~•els 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 w:a.s 

occluded with a Potts clamp placed between the ieft and right renal• 

arteries. This diverted the entire output of the pump through th~ left 
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kidney. By adjusting the pump· renal blood flow was maintained.. at an 
average value of 75 ml/min (range 50 to 150 mi/min} which produced 
a mean arterial perfusion pr~ssure of approximately 100 mm Hg. 
This p·rov.ided. a blood flow of approximately 2-3 ml/ gm of kidney tis
sue. · After traversing ·the rena(vascula:r bed, the pl.imped blood r·e,... 
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 
v.enous ·pressure was· ob.tain!l'd by n-eedling the renal vein .. These ·pres
sures were ;ecorded on a direct wr.iti,_ng oscillogrioiph recoi<ler connect
ed to Statham pressure transchH:ers. Renal vascular resistances were 
calculated by dividing the pressure gradient from renal artery to ;renal 
vein by the blood .flow per 10·0 gm kidney weight. The resistance units 
wer~ expressed as mm Hg/ml/min/ 100 gm kidney weight. Statistic.al 
analysis was d0ne using the "Student T test." 

E_ndotoxin. The dose of S<1-lmonella typhosa 090 l (Bacto Lipo
polysaccharide, Difeo Laboratories}--,-whether irradiated or 1mir
radiated- -a·dminii,,tered was 0. 6 mg/kg. '.J;his dosage is always lethal 
for the clog. It was injected from a calib;rated syringe by hand in one 
bolus directly into either the perfusion system just pr0ximal to the 
renal artery or into a systemic vein. Ren,~.l and systemic pf.es·s·ures 
wer~ recorded for 30 minutes following an injection of _.end·otoxin. 
Base line pressures were recorded for at least IO minutes previous 
to each injection. For control purposes, five animals were followed 
over a 30-minute period witho11t admini'stration of endot-oxin, and 15 
dogs were given nonirradiated endotcxin directly into ·the perfuse.d 
renal artery. Endo.toxii:i radiated at 10 . .40 Mc/sec and at 13.34-
Mc/ sec was administered to group-s oi 13 and 14dogs. 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 e,xperi
ments in tJ1e ~onirradiated lOAO Mc/ f?,ec and 13. 34 Mc/ sec irradi,ated 
groups represent exper'iments done six months after the initial exl'eri
ments. In the latter exper-im·ents .completely different instrumentation 
was used to radiate th~ endotoxin. Since the results were identi.cal 
with the ones obtained six months earlier, the results were com't,ined 
iri the figures and tables accompanying thi~ report. 

. :Electronic Apparat•,Js. A Hewlett-Packard VHF Signal generator 
(Model 608D) was used as a source of e·nergy for radiating endotoxin 
samples. From this source the signal was amplified through a cascade 

z 
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of low power voltage amplifiers (one IFI* Model 5JO,_ and two IFI* Mod
el 500A) and a wideband power .amplifier (iFI* 1\foc-lel.400). The am
plified sig·n·a1 was then p.as-seq through directional conple:rs (two Bendix 
Microrriatch Model 252Nl) arranged back to ba~k. This a,rra-ngement of 
couplers p~i"rn1tted the meaS\Fement of incident a~d reflecied power to 
the exposure ch,:nr1ber (Fig. 1). These measurements we·re used to de
termine the voltage standing wav.e .ratio (VSWR). The V-SWR in all ex~ 
posures of endotoxin was les$ than I. 08·. 

The exposure chamber (a tunable circuit) c:Gn-sisted of a coil 
which surrounded a g}.ass water jacket (Fig. 2). The water jacket, 
held the test_ tube containing the endotoxin sarnpl~ in the R. ·F .. - energy 
field. Changes in the temperature of the coolant wer-e. rnoni_tored by· 
thermistor probes ,Yellow Springs Instrument Company) in the inlets 
and outlets of both the energized and no.n~en·er-gized exposure chambers. 
To .miniinize temperature increas~s in. the sample ofe·nd9toxin .. dui:ir1g 
radiation, high coolai1t flow rate$. were used {10 liters per minute). 
Coolant temper.atu;es were stabilized -at 12. 5° <;:. No difforences in 
the tempei-.atures of·the affluent and -effluent coola:nt were observe4 
duri.;;g the exposures. 

The power delivered t_o the energized f!xposure chamber was 
15. 0 watts; . 4 watt was reflected .. Thus, th-e app0-rent p.ower delivered 
was 14. 6 watts. All power measuretnen·ts .were m-ade fr-9m the direction_. 
al couplers. For consistency in ~xperimental technique -and to insure 
i<:l.entical exposure conditions, all power 1nea.surements w~re repHcated _ 
during each radiation experiment • 

III. RESULTS 

Control Data. No significant changes were obs.ei·ved in re:nal 
artery, renal vein, or sy::;temic arterial pressure of five dogs** (lO) 
in which pressures wer.e recorded continuously for a JO-minute period 
for control data pu_rposes {Table 1). 

Nonirradiated Endotoxin. 

Renal Arterial Injection. Injection o{ ~- ttphosa endotoxin. 
into the perfused renal artery produced a characteristic diphasic 

*Ins tru1nents for Industry. 

**Th~.se data on the control anhrials a,nd ariim·~ls rec~ivi.ng nonirrarl.i.ated 
endotoxin have been •previously rep6rtcd (USA.MRL Report No. 551. 1 ~-62) 

(10). 
3 
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pressor response illustrated by the pho_tograph of a representative 

record shown in Figure 3. First, there_ was an imr:nediate transient 

miid rise in- renal pr.essure which rapidly return;;d to the pre-injection 

level. Subsequently, a second dela.yed and grea.ter in~rease in renal 

pressure develop_ed progre·ssively; 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 characteristic of the initia1 transientpressor response to 
endotoxin. However, there was considt:rable vari:ability in the -mag

nitud_e and du.ration of the second delayed pr-cssur respons·e. This is 

shown by the family of.curves covering each of the 15 experiments 

shown in Figure 4 ai'Hl the data in Table 2. However, the response

pat:tern, a ri,se in pressure witti subs~1quent return: fo or toward the 
pre~i:njection level, is. ihe factor whi_ch is comn:1on to' each e1rp~d_n1ent. 

Systeznic Injection: The renal vascular respons.c to ·endoto;x:in 
injected syste:rnically was also d.i:phasic ( 10}. The first pressor re

sponse was, of course, slightly delayed and was less pronou11ced. The 
second delayed presser response was sjmiia.r to tha~ folleiwing intra

renal art.::ry injection; the same variability in the -magnitude of response 

and. except in two instances, the san1e response-pattern.· The family 

of curves covering each of eight such experiments. is shown in Figure 
5. The exc.eptions in response-pattern are marked with X on the r-ight. 
Note that in these_ exceptions the pr-essor response was ·sustained; there 
was :i:io return toward the pre-injection level during the 30-niinute run. 

Irradiated Endotoxin. 

10.40 Mc/sec. Injection of endotoxin previo1,1sly radiated 

with l-0. 40 Mc/ sec radio-frequency energy also produced the charac

teristic diphasic response but the response-pattern differed in certain 

respects from that produc.ed by nonirradiated enq.otoxin. A -representa

tive recor.d is reproduced in Figure 6, the _family of curves cov~ring 

each .of 13 experiments .;_s 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 follov.ring _the 10. 40 Mc/ sec radiated than following the nonirradiated 
endotoxin; This is readily ev;dent by comparing the he.ight of the fir1:1t 
response in Figures 3 and 6, and by the data pre.se.nted ih Tables Zand 
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 magnitude of the 

increase in' pressure and, secondly, and niore important, is that uni

formly, except in o:_ne instance, the. maxin1al 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 differeii.ce in the :response-pattern between lO. 40 Mc/ sec 

irradiated and nonirr.adiated endotoxin is rea,dily evident by comparing 

the tracing in Figures 3 and 6 and the fa•milies of curves in F'igures S 

· and 7. This di f.f.erence is particularly well emphasized and character

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

shown in Figure 8. 

l3. 34 Mc/ sec. Injection of endoh,xi11 previously radiated 

with 13. 34 Mc/sec enhanced the first presirnr respo;Jse hut the second· 

pressor response did not differ noticeably f.rorn thi1.t producetl by unir

radiated endotoxin. This is evidence<} by the family of curves -covering 

the individual experiments shown in ~igure 9, by the data tabulated in 

Table 4, and the average data shown i~ Figure 10. 

IV. CONCLUSIONS 

The foregoing data dearly demonst_rate that radiating the endo

toxi:n .material in vitro with 10. 40 Mc/s,,ec, altered its pharmacodyn<;l.ttiic 

properties as evi~d by a characteristic and predkta~lc ch.arige in the 

pres~or response-pattern elkite,d in the renal vascular. he4. The radio

frequency range of 10. 40 Mc/ sec was in some way specific because 

radiating with a frequen<;y of 13. 34 M,<;/sec <lid not cause as gre,1.t a 

change in pharmacodynamic properties of the ertdotoxin mate'.rial. The 

nature of the change (physkal, chemi<;al?) in this material induced by 

10. 40 Mc/ sec radiation remains problematical. However, to be em

phasized is the fact that the pharmacodynamic propertie.,~ of this ma

terial was enhanced by radiation rather than being attenuated a:s re

ported in other investigations (2, 3). 

The initial transient pressor response is reasonably certain to 

be a direct effect of the endotoxin on th¢ renal vascular m.usculature •. 

First, this pressor response oc_curred before the e·ndotoxin had time 

to return to the renal·bed after cirhilatiti.g through the body blood pool 

when the endotoxin was introduced dire€tly into the renal artery. This 
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response appeared l;:iter and the presser effe<::t 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 adr.i.inistration <:Jf phentolamine or reserpine 
(IO). 

The s·econd more pronounced pressor response has heen previous
ly demonstrated to be due to the action of catechoiamines released fotc 
the blood stream when the endbtoxin reaches the systemic -circulation 
(11). It is generally believed that e!'ldotoxin, in .addition to directly 
exciting vascular .r:nuscula,ture, also sensitizes this musculatu.re to 
catecholamines (12). 

V. RE COMMENDATIONS 

· 1. It is re ,:,;-,rn_n1e nded that the nature of the •change (physical, 
chemical?) induced in th,;: S. typhosa ,ma{erial by radiation _with 10. 40 
Mc/ sec be investigated. ,,... 

2. It is recomme:nded th.at i-t be deJertnin:ed whether :radiatii:m of 
this- material alters its lethal characte~i:stics hy us-ing an appropriately 
designed experiment,;tl .series with s:rvall <"nimals such as c:;ockerels or 
mice. 
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f: Delayed ·Presser Response 

! Time (min) 0 5 l.O 15 20 25 30 

(:' 
Exp. No. t 

h 1 100 10.0 100 104 108 108 104 
~ r .. 
~ 90 
l z 90 90 92 90 82. 95 

t 

t 
\ 

3 90 92 90 95 87 90 95 

i 4 107 105 105 105 100 95 95 

{ 
s 98 100 97 97 

f 97 97 99 

f Me;tn 97 97 97 99 95 96 97 
i 
f,_ 

J 
i S. E. ±3.. 3 ±2.7 ±2.7 :i:_2. 7 ±4.6 ±3.4 ::i:: z 

f 
L 

f 
l ~-
l 
t 
t 

l 
I 

t 18 

r r 
f'...: ----·--~-~ --~------- - - . - - --- - ----" -----~ 



I 

' I 
I· 

i 

.... 
.I) 

TABLE 2. •. Renal artery pressures of the dogs in which nr:inirradiated endotoxin was injected 
directly into the perfused renal artery. Average kidney weight was 33 gm and aver
age perfusion flow was 70 ml/min. 

First Presser Response Second Presser Reseonse 
Time (min) 0 Peak l 5 10 l5 2.0 i5 30 
Exp. No. 

1 100 130 72. 272 220 188 192 188 176 
2. 88 148 100 164 120 92 80 88 88 
3 104 200 1 ;44 32.0 32.0 2.n 228 228 240 
4 80 l 00 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 . 
7 100 150 104 152 200 112 
8 124 152 12.0 150 140 130 60 
9 100 180 150 165 195 165 153 · 165 150 

10 100 220 135 280 266 2.2.0 165 175 160 
11 1.00 150 104 125 160 l 50 150 140 145 
12 100 150 105 12:S 125 115 110 110 115 
13 105 165 125 308 308 266 257 266 2.66 
14 1Z5 175 150 190 130 110 100 100 90 
15 110 2.2 5 150 155 l.75 1-55 140 155 1,55 

Mean 103 . 161 117 198 196 163 151 155 156 
S. E. ::t: 2.. 9 :1:: 9. 5 :I: 6 :1:: 18 :I:: 21 :i: 15 :I: l7 :1:: 17 :1:: 17 

Calculated. resistance mm Hs/ml/mih/ 100 gm kidnei wei~ht 

Mean 49. 5 59.4 48. 8 94. l 93, 4 77. 6 75, 5 75, 6 73. 9 
S. E. :1: 1. 7 :1: 6. 6 :t: 4. 0 :t: 5. 6 :t 4.3 :it: 3. 0 :I: 3. 3 :1: 3. 3 :I: 3. 0 
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TABLE- 3. Renal artery pressures of the dogs in which 1 O. 40 Mc/ sec irradiated endotoxin was 

injected directly into the renal artery, Average l<.idney weight was 42. gm and aver

age perfusic;m How was 80 ml/min, 

First Pressor Response Second Pressor Re~ponse 

Time (min) 0 Peak_ l 5 10 15 20 ZS 3'0 

Exp, No, 

1 85 123 75 '.75 65 65 85 100 112. 

2. 70 170 90 70 85 145 175 215 225 

3 70, .190 135 2. 7 5 215 210 L.7 5 160 165 

4 70 185 120 180 150 165 140 155 140 

5 75 170 105 Z.5·0 2.50 235 22.5 200 225 

6 100 2.15 150 150 165 190 220 195 175 

7 120 225 175 2.40 · 240 2.40 241) 240 240 

8 10'0 2.00 180 2.35 2.00 2.15 2.25 2.30 2.30 

9 100 22.5 155 220 25-0 230 210 ZlO 250 

10 100 17 5 l SO l (,O ZB 195 21 !1 .!25 Z.3.S 

11 100 200 150 190 212. 2.00 2.00 322 364 

12. 1·03 160 U.o 195 2.17 2.10 · 205 21 5 2.17 

13 9·5 2.2.5 175 2.10 196 180 165 207 2.10 . 
Mean 91 190 . 137 180 189 191 191 i99 2.14 

S, E. :Ii: 4. 0 :t: s. 3 :l:: 8. 6 ii: 18 :t: 16 :!:: 13 :t: 12. :t 14 :t: l8 

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

Mean 50 104 75 105 16s 107 107 116 112.· 

5,E. !I: 5 :t: 11 :c 10 :t 11 :l:: 11 :I: 10 :& 10 :t: 9 :t: 9 
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· TABLE 4. Renal artery pressures ofthe dogs in which .13, 34 Mc/sec irradiated endotoxin was 
injected directly into the renal artery. Average kidney weight was 41 gm and aver .. 
age perfusion !low was 85 ml/min. 

Ji 

First Pressor ResEonse Second Presser Re$fOnse 
Time (min) 0 Peak l 5 10 15 2.0 25 
Exp. No. 

l 85 140 90 135 130 65 60 -
2 75 155 80 10 155 205 215 210 
~ 85 l 87 177 80 100 115 150 170 
4 95 115 90 i l 0 95 75 65 60 
5 75 220 150 200 130 90 115 165 
6 90 180 95 32.5 175 80 55 .50 
7 100 175 180 2.30 150 200 2.15 1.90 
8 100 225 188 17 5 210 2.10 2.15 175 
9 100 150 140 172 130 l 0.0 95 1-05 

10 102 215 125 155 140 137 140 140 
11 95 2.40 225 2.25 210 160 2.00 130 
12. 95 2.00 125 2.35 160 100 100 no 
13 95 2.00 125 300 2.l5 2.2.b 210 · 185 
14 100 200 140 2.15 157 19-2. 2.35 2.15 

Mean 92. 186 138 192 155 139 148 147 
S. E .• :t: 4,0 :t: 10 ::l: 11 * 2.1 :i: 11 :i: 15 :i: 18 ii: 18 

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

Mean· 

S. E~ 

44,4 90 

:i: l. 8 :i: 8 

67 90 

:i: 10 :i: 9 

74 

:t: 5 

66 

:i: 7 

70 71 

:t: ~ :i: 6 

30 

205 
160 

55 
175 

50 
2.00 
2.00 
130 
140 
115 
l 50 
215 
215 

155. 

:t: 16 

72. 

:i: 6 
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