u

) <

The University of Osaka
Institutional Knowledge Archive

On the modificatiou of the acute lethality in
Title mice following whole body X-irradiation by
several vasoconstricting agents

Author(s) |Hix, &FX; KL, F=; BKEF, TX

Citation | BAEZRIHIRFEIHMSS. 1966, 26(5), p. 437-445

Version Type|VoR

URL https://hdl. handle.net/11094/16013

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



R4 6 258

B B W

437

On the modificatiou of the acute lethality in mice

following whole body X-irradiation by

several vasoconstricting agents

Haruo Nakatsuka, Yozo Shakudo and Moriji Fujino

Dept. of Radiology, Osaka City University Medical School
(Director Prof. M. Fujino)

BABIC & B = v 2 BIEAER I 3 5 A TE I WU O B 2issh B
KRHLAEEFWENREY &8 (EE  REFRER)

iR HRK Kt

=

BRI SFI

(FRFn4l4: 6 A2THRAM)

XARALRIIT & 5 =0 X OIS T B
2 O MAPHEFI OB & i L. %
DFRGRWD & 5 T2 EEBpkil 2 4537-.

b BEREZNHR D 250 72 3] & phenylephrine,
naphazoline, tetrahydrozoline J4(f norepinephr-
ine ¢ %7z, cocain J; 17X epinephrine }z 3 371 1)
DEFHEGIAL % 457z, coffein Jyf phenyleth-
ylamine yz¥3HF 0 U2 BhighR 2 38dE 2 ho

3 75 AR 00 T AR B s 5 v i o i 4
BHY, TOERIVIEBEETIRPHBETY
L2347 5. phenylephrine j3£km)z 1 Fy5diiE i
ANV TE, JRIFRT 5 ~105885 235 D 4
RETH Y, 04R1HE T FHS IR L,
60 BTG CRBFZIFIT & A EWE L7,
& M IR AEA O g SR BB R & L
MEHEC & BRROBRRZ Iz OWCEE #

7z. ephedrine 1312 & A FESITH O, ZD L A7

Introduction

In the present days stress is given to the importance of studies on the protection and treatment of
radiation injury, Regarding the mechanism of radiation injury a chemical theory®® has come to be
{avorably maintained. The theory asserts that radiation gives rise to the production of free radicals in the
presence of oxygen, leading to the decomposition of certain substances in the living body. On the basis
of this chemical theory attempts were made to protect radiation effect by inhibiting the chemidal reactions
of free radicals. As a result, cystein!®200202) olythalion®, cystemainel?, cystaraine®®, AET® and
MEG were found to possess protective effect against radiation. These agents belong to sulphhydrile com-
pound. Bacq® et al report that amines which does not belong to the sulphhydrile compound and shows
a sympathomimetic action as norepinephrine also have protective effect against radiation. The radio-
protective effect is observed in epinephrine and pitressin by Gray et al'®, in serotonin by Langendorf et
al'®, and in methoxamine by Smith et al?#. Tt is to be noted that these agents are possessed with vaso-
constricting action. Consequently, in the present study several vasoconstricting compounds were examin-

ed as to their radio-protective effect in reference to vasoconstriction.

Method

Male mice of Na2 strain weighing approximately 20 g were randomly grouped for irradiation. Five
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minutes after intraperitoneal injection of the tested pharmacological agents in varying dosage the animals
were exposed to 700 R whole body X-irradiation. Factors of irradiation were: 200 KV. 20 mA, filter Cu
0.5 mm+Al 0.5 mm, HVL 1.08 mmCu, TSD:50 cm, and 30R/min. dose rate measured in air. Then
mice were simultaneously irradiated with an irradiation device contrived by the authors. The device
was equipped with a slowly rotating disc on which ten mice were fixed with their heads placed on the
center so as to give the animals an equal dosage of X-rays. The animals survival and weight were follow-
ed for 30 days. Experimental animals were housed about 10 per cage in ar-conditioned room. Labora-
tory chow and drinking water were supplied at livitum. The pharmacological agents tested were epine-
phrine (Daiichi), norepinephrine (Sankyo), ephedrine (Dainippon), phenylethylamine, phenylephrine

(Kowa), Naphazoline (Cyba), tetrohydrozoline (Pfizer), cocain and caffein in varying dosage.

Experiment 1.
The lethality of this strain of mice following X-irradiation of varying does is shown in Fig. 1. A dose

level of 700R. is considered to be LD j4y/s.
Experiment 2. HO/ N\-CH (OH).CH,-NH,

: . HO
epinephrine 2

The effect of epinephrine in varying dosage on the survival rate of mice after 700R. whole body X~

irradiation is shown in Fig. 2. There is observed only minimal radio-protective effect.
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Fig. 1. Surviving rate of mice following whole Fig. 2. Effect of intraperitoneal injection of
body irradiation in varying dose. Na 2 strain epinephrine in varying dosage on the surviving
(19g+1) rate of mice following TOOR whole body irra-
diation.
Experiment 3. HO/\-CH (OH)-CH,NH,

norepinephrine
The effect of norepinephrine in varying dosage in the survival rate of mice after 700K whole body
X-irradiation is shown in Fig. 3. A dose level of 0.1 mg and 0.05 mg administered 5 minutes before X-

irradiation produced marked protective effect.
Experiment 4. /"~ \_CH (OH).CH. .
. Q > (OH) |H NH-CH,
ephedrine CH,
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Fig 3. Effect of intraperitoneal injection of Fig 4. Effect of intraperitoneal injection of
norepinephrine in varying dosage on the ephedrine in varying dosage on the surviving
surviving rate of mice following whole body rate of mice following whole body irradiation,

irradiation.

The effect of ephedrine in a varying dosage in the survival rate of mice after 700R whole body irradi-

ation is shown in Fig. 4. There is observed no protective effect of this agent.

Experiment 5. SN ) )
phenylethylamine "\ __/'CH2 CH,-NH,

The effect of phenylethylamine in a varying dosage in the survival rate of mice after 700R whole body
irradiation is shown in Fig. 5. There is observed minimal protective effect of this agent.
Experiment 6. HO,

/ O L
phenylephrine L NCH (OH)-CH,-NH-CH,

The effect of phenylephrine in a varying dosage in the survival rate of mice after 700R of whole body

irradiation is shown in Fig. 6.

— control
—= confrol
o —05mg
= 0.1 mg
N == 0.05mg
= ===0.01 g
2
t i |
. T
0 5 10 1520 25 30 0 5 10 15 2 25 30
Days after irradiation Days after irradiation
Fig. 5. Effect of intraperitoneal injection of Fig. 6. Effect of intraperitoneal injection of
phenylethylamine in varying dosage on the phenylephrine in varying dosage on the sur-
surviving rate of mice following whole body viving rate of mice following whole body
irradiation. irradiation.

A dose level of 0.01 mg and 0.05 mg injected 5 minutes before exposure produced no marked protec-

tion. A dose level of 0.1 mg administered at the same interval prior to exposure produced a marked
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protective effect. However, a dose level of 0.5 mg produced a little protection.
Experiment 7.

In this experiment phenylephrine was administered in different intervals before and after exposure.
Influence of length of time between injection and irradiation on the survival rate of mice after whole body
X-irradiation is shown in Fig. 7.

Phenylephrine given 5 minutes before irradiation afforded a marked protection with a survival rate of
90%. Similarly, phenylephrine injected 15 minutes before irradiation decreased the mortality to 509%,.
With injection 30 minutes prior to irradiation the protection was markedly diminished. Phenylephrine
given 60 minutes before irradiation affored no marked protection. Phenylephrine given immediately after
irradiation produced no marked protection

Exderiment 8. VaRRN NH-CH
i a 2

The effect of naphazoline in a varying dosage on the survival rate of mice after 700R whole body
XK-irradiation is shown in Fig. 8.
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Fig. 7. Influence of length of time between Fig. 8. Effect of intraperitoneal injection of
injection of phenylephrine and irradiation naphazoline in varying dosage on the sur-
on the survival rate of mice following whole viving rate of mice following whole body
body irradiation. irradiation.

A dose level of 0.1 mg injected 5 minutes before irradiaion produced a marked protective effect.
A dose level of 0.01 mg, 0.05 mg and 0.75 mg produced a minimal protective effect. However, a dose
level of 0.25 mg produced a diminished protective effect. A dose level of 0.5 mg proved fatal due to the
toxicity of the agent.
Experiment 9. — CH,

C\NH CH,

The effect of tetrohydrozoline in a varying dosage in survival rate of mice after 700R whole body

irradiation is shown in Fig. 9.

tetrahydrozoline

A dose level of 0.5 mg produced the most marked proiective effect. A dose level of 0.2 mg and 1.0

mg produced a less marked protective effect.
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Experiment 10. CH;—CH——CH-CO-0-CH;,
I I
N.CH, CH-0-CO. C,H;
f
cocain CH,—CH——CH,

The effect of cocain in a varying dosage in the survival rate of mice after 700R whole body X-irradi-
ation is showh in Fig. 10.
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Fig. 9. Effect of intraperitoneal injection of Fig. 10. Effect of intraperitoneal injection of
tetrahydrozoline in varying dosage on the cocain in varying dosage on the surviving
surviving rate of mice following whole body rate of mice following whole body irradiation.
irradiation.

A dose level of 0.2 mg produced considerable protective effect.

Experiment 11. CH;—N--CO
| |
OC C—NcCH,
‘ ] >CH
caffeine CH;—N -—C—N

The effect of caffeine in a varying dosage in the surivival rate of mice after 700R of whole body irradi-
ation is shown in Fig. 11.

Caffein produced only minimal protective effect.

Experiment 12.

An assumption that a pharmacological action of sympathomimetic agents may result in radio-protec-
tive effect led to a subsequent study of the effect of these agents when administered in combination with
pharmacological antagonists. Consequently the radio-protective effect following combined administra-
tion of phenylephrine and benzylimidazoline was studied.

The effect of benzylimidazoline alone in varying dosage in the survival rate of mice after 700R whole
body irradiation is shown in Fig. 12,

No marked protective effect was produced by benzylimidazoline.

The effect of combined administration of phenylephrine and benzylimidazoline in varying dosage in
the survival rate of whole body irradiated mice is shown in Fig. 13.

A combined administration of phenylephrine and benzylimidazoline resulted in a decrease in the
radioprotective effect of phenylephrine. The more the administered dose of benzylimidazoline, the
more decrease in the radio-protective effect. However, combined administration of phenylephrine 0.1

mg and benzylimidazoline 0.8 mg proved to be fatal for some of mice due to toxity of these agents.

— 17 —
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Fig. 11. Effect of intraperitoneal injection of Fig. 12. Effect of intrapeitoneal injection of
caffeine in varying dosage on the surviving benzylimidazoline in varying dosage on the
rate of mice following whole bedy irradia- surviving rate of mice following whole body
tion. irradiation.
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Fig. 13. Effect of combined administration of
phenylephrine (0.1mg) and benzylimidazoline
in varying dosage on the surviving rate of mice

following whole body irradiation.

Discussion

Gray'®and Hara!® report that epinephrine is effective in protecting mice exposed to lethal whole
body X-irradiation. However, of the vasoconstricting agents studied in the present author’s experiments
epinephrine was not among the markedly effective. The author’s experiment shows a considerably mark-
ed radio-protective effect of norepinephrine as reported by Hara but no effect of ephedrine reflecting the
results of Langendorf!¥> and Bacg?. The present authors have proved the first to observe a marked radio-
protective effect of phenylephrine, naphazoline and tetrahydrozoline against lethal whole body X-irradi-
ation in mice. These agents are also powerful sympathomimetic vasoconstricting agent. The author also
tried phenylethylamine as an example of the sympathornimetic agent which has a very simple chemical
formula, but observed almost no effect, although Bacq? reports a certain degree of effect on this agent.
The experimental results so far made reveal that radioprotective effect is most markedly evidenced
by those lasting powerful vasoconsirictor agents which little stimulate the heart such as phenylephrine,
naphazoline and tetrahydrozoline. Epinephrine showed less radio-protective effect than norepinephrine

which affect the heart in a less degree. Ephedrine which shows a comparatively weak action on the
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blood vessels and the heart has proved to be non-effective against radiation hazards. Phenylethylamine
which is very weak vasoconstrictor shows a very slight protective effect. Cocain which is a considerably
strong vasoconstrictor is a fairly good protective agent. Caffeine is a wvasoconstrictor which works
centrally. But it also being a vasodilator by a direct effect onvascular rausculature shows very little
protective effect. The present experimental resuts of vasoconstrictors suggest that there is a co-relation-
ship between the degree of vasoconstriction and radioprotection.

A review of the radio-protective effect of vasoconstricting agents in reference to their dosage has
disclosed that the highest radioprotective effect is maintained by their optimal dosage, higher level than
which results in a corresponding decrease of radio-protective effect possibly due to the toxicity of over-
dosage. This result supports an assumption that the radio-protective effect of constrictor agents does not
depend so much on a direct chemical action of free radicals as on a pharmacological action represented by
vasoconstriction. Because any chemical action of free radicals would have reasonably been increased
as a dose of the compounds increased.

In studying the radio-protective effect of vasoconstricting agents in reference to the lapse of time
between administration and X-irradiation, pheny.lephrine which proved to be most effective of all the
agents studied, had its radioprotective effect increasingly decreased as the lapse of time (between admini-
stration and X-irradiation) was prolonged. Namely it was found that the greatest protection was obtained
when the time of pharmacological action coincided with the time of irradiation. Apparently there is
correlation between the degree and duration of vasoconstricting property and the protection against radia-
tion. Hence a suggestion that the longer the response of the constricting agent the better its radio-protec-
tive effect. An assumption that a pharmacological action of sympathominetic agents may result in radio-
protective effect led to a subsequent study of the effect of these agents when administered in combination
with pharmacological antagonists. A combined administration of phenylephrine and benzly-imidazoline
resulted in a decrease in the radio-protective effect of the former agent. It is taken into consideration that
the benzylimidazoline may decrease the sympathomimetic action of phenylephrine but it may with its
toxicity increase fatality.

As a mechanism of the development of radio-protective action, it is apparently considered that the-
vasoconstricting agents antagonizes postirradiation hypotension. However, such consideration does not
seem to reasonable, Because, sympathomimetic agents are effective only when administered before irradi-
ation, and the hypotension due to X-irradiation show its maximum fall 3-4 hours after irradiation.
Another mechanism may be referable to hypoxia. In mammals large doese of the sympathomimetic
agents generally constrict arterioles of the skin, and other organs, and blood is shunted into brain, heart
and lungs®. As a result it is assumed that hypoxia in certain critical tissues thus developed causes reduc-
tion in tissue susceptibility of X-irradiation. Meer and Bekkum!7® showed that the protection affordec
to mice by a number of biologically-active amines is related to their ability to cause hypoxia in the spleen
(and possibly also in other blood-forming organs). Regarding a decrease in radiation susceptibility due to
hypoxia a number of reports have been made represented by Hollaender et al'?’ on microorganismus,
Mottram!? on plants, Dowdy et al”?, Evans, Rambach et al®, Stender and Hornykiewytsch?®, and Lang-
endorf et al'® on mammals. Stearner et al*® report that epinephrine as well as low oxygen tension marked-
ly reduce radiation mortality in young chicks, while combined treatment had a synergistic, protective

effect. Gray et al'® recognized radio-protective effect of pitressin and epinephrine in rats. They consi-

—19 —
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der the mechanism of radio-protective action to be due to a temporaly tissue hypoxia causediby vasoconst-
riction. Kahn!® observed radioprotective effect in morphine possibly due to a mechanism of hypoxia
caused by depression of the respiratory center.

The above author’s results as well as the presnet experimental results have led to an assumption
that hypoxia due to vasoconstriction following administration of sympathomimetic agents plays an import-
ant part in the mechanism of preventing radiation damage. Another possible mechanism, that these
compounds compete with tissue constituents for radiation induced radicals, seems to be hardby indicated
by the fact that these compounds are no more active at a excessive dose as described above. Radiation
lethality and its protection are extremely complicated problem. It must be admitted that various mecha-

nisms are present in the radioprotective action.

Summary

Experimental studies were made on the protective effect of several vasoconstricting agents for mice
exposed to lethal whole body X-irradiation with the following results:

1. Protective effect:

a) Markedly effective were phenylephrine, naphazoline, tetrahydrozoline and norepinephrine.

b) Considerably effective were cocain and epinephrine.

c) Slightly effective were caffeine and phenylethylamine.

d) Non-effective was ephedrine.

2. The radio-protective effect of these vasoconstricting agents was the highest at an optimal dosage,
higher level or lower level of which revealed proportionally less effect.

3. Phenylephrine was most effective when administered intraperitoneally 5-10 minutes before
exposure to X-rays. It showed a marked decrease in efficacy against X-radiation 30 minutes after admini-
stration, loosing its effect 60 minutes after administration. No radio-protective effect was observed when
the agent was administered immediately after irradiation.

4. As a possible mechanism of the radioprotective effect of these vasoconstricting agents, the tissue

hypoxia due to vasoconstriction is discussed.
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