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RECOMMENDATIONS

The influence of starvation and of antibiotlcs on mertality from
total body x~irradiation should be studied., It also should be determined
whether tissue anoxia produced by various other agents will exert a gen-
eral protective action against total body x-irradiation injury.
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THE PROTECTIVE EFFECT OF PITRESSIN AND OF EFINEPHRINE
AGAINST TOTAL BODY X-~-IRRADIATION

I. INTRODUCTION

Pendergrass and his associates (1) have demonstrated a protective
effect of pitressin and epinephrine agalnst local x-irradiation injury
of the leg of the rat, It was assumed that local tissue anoxia, produced
by these principles, was involved in the protective mechanisms It became
of interest, therefore, to investlgate the possible effect of these agents
on the aerobic and anaerobic metabolic cycles, as well as to study the
effect of these agents on the survival rate after total body x-irradia-
tion,

II. EXPERIMENTAL

"Iabile phosphate" {ATF®) content and cytochrome oxidase activity of
muscle of rats as influenced by pitressin and epinephrine administration
¢r by 1imb occlusion. ATPF has been implicated as the key component in
the respiratory (aerobic) and the glycolytic {anaerobic) process=s,
Cytochrome oxidase regquires gaseous oxygen for its actlon and is thought
+o be the last oxidizing enzyme to act in the chain of enzymes that bring
ibout the oxddation of metabolites,

Phophate content and cytochrome oxidase activity determinations were
done on gastrocnemius muscle samples from normal male, Sprague-Dawley rats
welghing 220-300 grams. They were starved for 24 hours with water ad
1ibitum, and were sacrificed 15 to 30 minutes following intraperitoneal
injection of pitressin {Parke, Davis) or epinephrine (Abbott), Control
animals received equivalent volumes of 0.9% saline.

Phosphate determinations on lyophilized tissue were carried out
according to a modification of the method described by Umbreit (2). Cyto-~
chrome oxidase activity was determined according to the method of Schneider
and Potter (3).

In the occluded 1limb experiments, the rats first were anesthetized
with nembutal {45 mg/kg); a tourniquet consisting of 5 turns of gum rubber
band {Eberhard Faber #30) was applied as high as possible around the right
hind leg; and the teeth were clipped to prevent tourniquet removal or
self-laceration. Control amimals were anesthetized and the teeth were
clipped. All animals were sacrificed without tourniquet release at 1/2
hour or 4-1/2 hours after tourniquet application, Gastrocnemius muscle
samples were taken from the occluded limb and from the opposite hind limb
cf the tourniquet animal as well as from the hind limb of the control
animal,

The effect of pitressin or epinephrine administration agalnst total
body X-irradiation.

Male, Sprague-Dawley rats weighing 220-30C grams were irradiated in
rairs, one serving as a control, the other as a treated animal, Each pair

““Adenosinetriphosphate
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was exposed to total body x-irradiation for 22 minutes in a single ex-
posure, Radiation factors were: 200 kv, 6 ma, 1/2 mm. Cu 1 mm Al
filter, target distance approximately 29 cm., and 40 r/min. dosage rate
measured in air.™ Five units (0.25 cc.) of pitressin (Parke, Davis) or
0.2 mg (0.2 ¢¢.) of epinepnrine {Abbott) were injected intraperitoneally
either 5, 20, or 40 minutes before or 5 minutes after exposure., Animals
were housed in individual cages and weighed daily until death or ter-
mination after 28 days.

III. RESULTS

As can be seen from Table 1, following pitressin injection, the
inorganic and "lablle phosphate™ (ATP} values for muscle tissue were
elevated for the period of time observed, 15 and 30 minutes. On the
other hand, epinephrine administration produced a lowering of the
inorganic and "labile phosphate™ (ATP) content of muscle tissue. Cy-
tochrome oxidase activity of muscle tissue was found to he slightly but
definitely decreased on pitressin administration and increased on epine-
phrine injection. The results on cytochrome oxidase activity will be
published in detail in another report.

These findings are interpreted as indicaﬁlng that administration of
either piftressin or epinephrine produces a temporary local tissue anoxia,
The mechanism producing the anoxia differs for the two substances.

Geiling and Delawder (4) found that after the injection of pitressin
the muscles pass for a short time into a state suggesting that their
activity was being carried out under anaerobic conditions, The blood
coming from the muscles was arteriol in color; it had a low COp and a
high 02 content. The pitressin~induced tissue anoxia with the consequent
disruption of the aercbic eycle leads to an increase in the rate of the
glycolytic processes followed by increased formation of ATF.

It is known that an immediate but short-lived increase in the oxygen
comsunmption follows the administration of epinephrine., The mechanism of
this action is not known., Epinephrine, by causing increased cell activity
{oxygen consumption), brings about an increased utilization of ATP leading
to a lowering of the "labile phosphate" content, The increase in the
oxygen consumption, following epinephrine administration, may lead to a
temporary tissue anoxia. In addition, the vasoconstrictive action of
epineghrine decreases the tissue supply of oxygen.

To demorsirate furthsr the effect of anoxia on muscle phosphate
content arnd cytochrome oxidase activity, theses censtituents were deter-
mined ir rat mascle tissue of tournique< occluded limbs., In local
x-1rradiation studies, Pendergrass and his associates (1) found that the
grzzteat increase of radiaticn threshold was obtained with tournigust-
vi2lrsion of the sxpos=d limbt.

tha! occlusion of the limb for 1/2 hour and for
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phophate! (ATP) content of the muscle tissue of the tourniquet occluded
limb, Cytochrome oxidase activity was found to decrease, depending on
the length of time the limb was occluded (see Table 3).

These regults are similar to those obtained after administration of
pitressin and substantiate the explanation given for the effect of pitressin,

As an extension of these findings, a study was made of the possible
protective effect of pltressin and epinephrine against total beody x-irradia-
tiona.

The effect of pitressin or epinephrine on mortality after total body
x-irradiation is illustrated in Table 4. As would be expected with an
880 r dose in total body exposure, the majority of deaths occurred between
6 and.l, days. Pitressin, given 5 minutes before jirradiation, afforded con-
siderable protection with a survival rate of 8% as compared with 12%
survival for the untreated irradiated group. Similarly, pitressin injected
20 minutes before exposure decreased the mortality significantly. With
injection 40 minutes prior to irradiation the protection was diminished but
still definite, The beneficial effect of pitressin pretreatment is further
indicated by the obrcervation that the surviving pitressin-treated irradiated
animals lost less welght and recovered weight very rapldly compared with
irradiated control animals,

Epinephrine, administered 5 minutes before irradiation, also seemed
to give protection, but apparently not to the same degree as pitressin.

Pitressin, given 5 minutes after irradiation, would appear to give
slight but definite protection,

Tnreshold studies, employing greater x-ray dosages, indicate that
with pitressin injection 5 minutes before irradiation the threshold was
raised from about 800 r to about 1100 r.

IV. DISCUSSION

The protective effect of pitressin and epinephrine against local (leg)
and total body x~irradiation injury may be due to the tissue anoxia pro-
duced by these principles, leading to a reduction in the oxygen content of
the tissue fluid.

It is generally assumed thav mary of the biclogical effects of
x-radiation can be attributed to the action of the decomposition products
of water which result from the irradiation. It 1s becoming increasingly
gvident that the degree of x-radiation effects is, to an important extent,
dependent on the oxygen content in the cellular fluids,

Dowdy, Bennett and Chastair (5) expesed rats in very low oxygen
tension (5%) and found that the acute effects of radiation are only half
as severe, HRemarkable decreases in many x-ray induced cellular phenomena
by reduction of oxygen concentration during irradiation have been reported

(6, 7).
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Ve SUMMARY

The survival rate of rats, exposed to lethal x-ray dosage, was found
to be significantly increased after pretreaiment with pitressin or epineph-
rine,

The protective effect of these principles may te due to their property
of producing a temporary tissue anoxia,

VI. RECOMMENDATIQNS

The influence of starvation and of antibiotics on mortaiity from total
body x-irradiation should be studisd. It also should be determined whether
tissue anoxia produced by various other agents will also exert a general
protective action against total body x-irradiation injury.
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TABLE 1

EFFECT OF PITRESSIN AND EPINEPHRINE ON MUSCLE PHOSPHORUS

g ——

Phosphorus
. N £ Average + 5. Do
Treatment Sac;;.ﬁiced ;; tz Inorganic Labile
* mS % DI'Y Wt'o Ing % Dry ‘Ntuo
Control — No treatment 17 41.3 + 8.5 20L.9+ 25.5
Pitressin 5 Units I.P. 15 12 L9.0 * 8,9 48,7 + 29,2
Control 15 5 0.7 £1143 218.9 £26.5
Ftressin 5 Tnits T,P. 30 12 51,7 £ G.3 22F.4 £27.9
Contre.” 30 6 4548 + 7.3 216.6 +34.0
e — T’ﬁ
Epinepnrine 0.2 mg I.P. 15 12 32,7 + 8.1 165:9 +27.5
Zourel” 15 6 b3sl & 506 222.0 + 20,5
Epinephl"ine 002 Ing :nPe 30 12 31-}05 i 600 18803 1h7a0
Control™ 30 6 41.4 +10.1 206.4 £ 21,1
“rortrols received equivalent volume of 0,9% NaCl I.P.
é
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TABIE 2

EFFECT OF TOURNIQUET OCCLUSION ON MUSCLE FHOSFHORUS
AVERAGE VALUES + S.D.

e

Experimental No. of Inorganic P Labile P Inorganic P

!
[ Conditions Rats mgk Dry Wt. mg% P Dry Wt.] Labile P
f
}

Tournigquet on 1/2 hour
Zacrificed without releass

1

“ontrol - no tourniquet 6 392 + 43 187.5 + 18,2 C.21 + 0,03

Cormrol leg - tourniquet
animal 10 49,5+ 7.7 187.9 * 18.5 0.27 + 0.04

Corluded leg - tourniquet
animal 10 7765 £11.9 25G.1 + 24.7 0.31 + 0.07

"~ -niquet on 4~1/2 hours.
Zeirifaced without release

| Control - no tourniquet 5 34,9 + 1.3 183.4 + 21.1 0.19 + 0,03
|
Centrol leg - tourniguet
animal 10 UieQ + 9,0 188.9 + 24.7 0024 + 0,05
] Occluded leg - tourniquet
; animal .10 115.,9 +20.1 361e3 + 37.8 032 + 0.07
i

-— .
- e -

€ 2830c taay

RE 330
Emi 3&2“%&7 (E):‘Da:w_tc'j
he_ﬂ&‘h Fouea Mm;c\v_ ?ouc,\’ Cc)uloc.\\

Gewomenr S
Re 23 VEY gut r—_\\e.x, 1884~ Jowe K3 5

‘ e



REPRODUCED AT THE NATIONAL ARCHIVES' }

TABLE 3

EFFECT OF TOURNIQUET OCCLUSION ON
MUSCLE CYTOCHROME OXIDASE
AVERAGE VALUES + S.D.

Sacrificed Without Release of Tourniquet
Tcurrigue* on 1/2 Heur
Neo ef QO
2
Cor “ral. = NMc Terrniguet 8 300 £ 58
Centrel ILeg -~ Touarniguer Animel g 358G + 87
veeluded I:g - Tourniguet Animal g 2B8C + 64
Tourniguet on 4-1/2 Hours
Cerirel — No Terrnzzus? & 27E £4G
Control Leg - Towrmguet Animal e 301 27
Occluded Leg - Tourniguet Animal £ 173+6l
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