
MEDICAL RESEARCH AND DEVELOPMENT BOARD 

DEPARTMENT O f  THE ARMY 
OFFICE or THE SURQEON OENERAL 



. .. ~~ 

REPRODUCED AT THE NATIONAL ARCHIVES 
.. ~ 

REPORT NO. 64 

THE PROTECTIVE EFFECT OF PITRESSIN AND OF PIElEPHRINe 
AGAINST TOTAL BODY X-IRRADIATIO 3 

John L. Gray, Blochemirt, Elizabeth J. Moulden, Bloohemiet, 
John T. Taw, Corporal and Dr, H. Jensen, Chief Blochemiet 

from 

Army b d l o a l  Reeearch Laberrtory 
Fort box, Kentuoky 
18 September 1951 

"Sub-project WdeF Effeot of Total Body Irrrdlrtlon on the Vrrioua 
En%yme and Endcsrint, Syetemr. AMRL Projrot No. 6-59-08-1Q-(1) 



REPRODUCED AT THE NATIONAL ARCHIVES Jj v 
__ 

i 

RECOMMENDATIONS 

The inf luence of  s tarvat ion and of a n t i b i o t i c s  on mor ta l i ty  from 
t o t a l  body x- i r rad ia t ion  should be studied. 
whether t i s s u e  anoxia produced by various o ther  agents  will exert  a gen- 
e r a l  p ro tec t ive  ac t ion  against  t o t a l  body x- i r rad ia t ion  injury. 

It a l s o  should be determined 
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THE PROTECTIVE EFFECT OF PITRESSIN AND OF EPINEPHRINE 
AGAINST TOTAL BODY X-IRRADIATION 

T L e  INTRODUCTION 

Pendergrass and h i s  assoc ia tes  (1) have demonstrated a pro tec t ive  
e f f e c t  of p i t r e s s i n  and epinephrine aga ins t  l o c a l  x- i r rad ia t ion  i n j u r y  
of t h e  l e g  of  t he  rat. It w a s  assumed t h a t  l o c a l  t i s s u e  anoxia, produced 
by these  pr inc ip les ,  was involved i n  t h e  p ro tec t ive  mechanism, It became 
of h t e r e s t ,  therefore ,  t o  i n v e s t i g a t e  t h e  poss ib le  e f f ec t  of t hese  agents 
oE t h e  aerobic  and anaerobic metabolic cycles ,  as well  a s  t o  study the  
5 f f ec t  of these  agents  on the  su rv iva l  r a t e  a f t e r  t o t a l  body x-irradia- 
t i on .  

11. EXPERIMENTAL 

"Labile phosphate!! (AT@) content and cytochrome oxidase act ivi ty  of 
muscle of r a t s  a s  influenced by p i t r e s s i n  and epinephrine adminis t ra t ion 
CY by limb occlusion. 
<%e r e s p i r a t o r y  (aerobic)  and t h e  g lyco ly t i c  (anaerobic) processes. 
Cytochrome oxidase requires  gaseous oxygen f o r  i t s  ac t ion  and i s  thought 
t o  be the  l a s t  oxidizing enzyme t o  act  i n  t h e  chain of enzymes t h a t  b r ing  
.Loout t h e  o ~ d a t i o n  of metabolites. 

ATP has been implicated as t h e  key component i n  

Piophate content and cytochrome oxidase ac t iv i ty  determinations were 
~ G P P  on gastrocnemius muscle samples from normal male, Sprague-Dawley ra ts  
weighing 220-300 grams. 
l ibi tum, and were sac r i f i ced  15 t o  30 minutes following in t r ape r i tonea l  
i n j e c t i o n  of p i t r e s s i n  (Parke, Davis) or epinephrine (Abbott). 
animals received equivalent volumes of 0.9% sa l ine .  

They were s ta rved  for 24 hours with water 

Control 

Phosphate determinations on lyophi l ized  t i s s u e  were ca r r i ed  out 
according t o  a modification of t he  method described by Umbreit (2). 
chrome oxidase a c t i v i t y  was determined according t o  t h e  method of Schneider 
and Pot te r  ( 3 ) .  

Cyto- 

I n  the  occluded limb experiments, t h e  r a t s  f irst  were anesthet ized 
with nembutal (45 mg/kg) j a tourniquet  cons is t ing  of 5 t u r n s  of gum rubber 
band (Eberhard Faber #30) was appl ied a s  high a s  poss ib le  around t h e  r i g h t  
hind leg;  and t h e  t e e t h  were cl ipped t o  prevent tourniquet  removal o r  
se l f - lacera t ion .  Control animals were anesthet ized and the  t e e t h  were 
clipped. A l l  animals were s a c r i f i c e d  without tourniquet  re lease  a t  1/2 
hour o r  l+-l/2 hours a f t e r  tourniquet  appl icat ion.  Gastrocnemius muscle 
samp!es were t aken  from the  occluded limb and from t h e  opposite hind limb 
cf  the tourniquet  animal a s  well  a s  from the  hind limb of the  cont ro l  
211im10 

The e f f e c t  of p i t r e s s i n  or epinephrine adminis t ra t ion against  t o t a l  
body x- i r rad ia t ion .  

Yale, Sprague-Dawley r a t s  weighing 220-300 grams were i r r a d i a t e d  i n  
p i r s ,  one serving a s  a controi ,  t h e  o ther  a s  a t r e a t e d  animal. Each pair 
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was exposed t.o t o t a l  body x- i r radiat ion f o r  22 minutes i n  a s ingle  ex- 
posure. 200 kv, 6 ma, 1/2 mm. Cu 1 m A 1  
f i l t e r ,  t a r g e t  d i s tance  approximately 29 cm., and 40 r/min. dosage r a t e  
measured i n  air. Five units (0.25 cc.) of p i t r e s s i n  (Parke, Davis) or 
0.2 mg (0,2 cc,)  of epinepnrine (Abbott) were in jec ted  in t r ape r i tonea l ly  
e i t h e r  5, 20, o r  40 mnutes  before o r  5 minutes a f t e r  exposure. Animals 
were housed i n  ind iv idua l  cages and weighed d a i l y  until death o r  ter- 
mi-nation a f t e r  28 days. 

Radiation fac tors  were: 

0 

111. RESULTS 

As can be seen from Table 1, following p i t r e s s i n  in jec t ion ,  t h e  
inorganic  and '!labile phosphate" (ATP) values f o r  muscle t i s s u e  were 
elevated for t h e  period of time observed, 15 and 30 minutes. On t h e  
o ther  hand, epinephrine administration produced a lowering of t h e  
inorganic and " l ab i l e  phosphate" (ATP) content of muscle tissue. 
tochrome oxidase a c t i v i t y  of muscle t i s s u e  was found t o  he s l i g h t l y  but 
d e f i n i t e l y  decreased on p i t r e s s i n  adminis t ra t ion and increased on epine- 
phrine in jec t ion .  
published i n  d e t a i l  in another report .  

Cy- 

The r e s u l t s  on cytochrome oxidase a c t i v i t y  will be 

- 
These f indings a r e  in te rpre ted  as ind ica t ing  tha t  administration of 

e i the?  p i t r e s s i n  or ep inepbine  produces a temporary l o c a l  t i s s u e  anoxia. 
The meehan.ism producing t h e  anoxia d i f f e r s  fo r  t h e  two substances. 

Gei l ing and DeLawder ( 4 )  found t h a t  a f t e r  t h e  in j ec t ion  of p i t r e s s i n  
t h e  muscles pass for a short  time i n t o  a s t a t e  suggesting t h a t  t h e i r  
a c t i v i t y  was being ca r r i ed  out under anaerobic conditions,  The blood 
cominR from t h e  muscles was a r t e r i o l  i n  color;  it had a low C02 and a 
high 02  content. 
d i s rupt ion  of t h e  aerobic cycle  leads t o  an increase i n  t h e  r a t e  of t h e  
g lyco ly t i c  proces3es followed by increased formation of ATP, 

The pitressin-induced tissue anolda with t h e  consequent 

It i s  known t h a t  an i m e d i a t e  but short-lived increase i n  t h e  oxygen 
cornsunpsion fo l lows  t h e  administration of epinephrine, 
t h i s  ac t ion  i s  not known. Epinephrine, by causing increased c e l l  a c t i v i t y  
(oxygen consumption), brings about an increased u t i l i z a t i o n  of ATP leading  
to a lowering of t h e  " l ab i l e  phosphate" content, 
oxygen cocsumptior?, following epinephrine administration, may lead t o  a 
t i n p w a r y  tissue anoxia. 
sp;?ep?.rine decreases t h e  t i s s u e  svpply of oxygen. 

The mechanism of 

The increase i n  t h e  

I n  addi t ion,  t h e  vasoconstr ic t ive ac t ion  of  

To denomt ra t e  f u r t h z r  the e f f e c t  c f  anoxia oz muscle phosphate 
i xteri-. ar.d cytocr.rome oxidase azti*:ity, these ccns t i tuents  were deter-  
?.:fie2 fr r a t  mascle t i s s - e  of toipr2que: occluded limbs, 
x - i r r aSa? ion  ctudles ,  Pendergrass and h i s  assoc ia tes  (1) found t n a t  t h e  
p~is:e?f ,  ;?-.crfase of r ad ia t i cn  threshold was obtained w i t n  tourniquet,- 
,.,-.-1 - 

In l o c a l  

L .  .-L,>ior, cf f!?? expo.sd l<mk* 
I -  , : - . , -  z ill3xstra:es t:ist 0:c:usion of the limb f o r  1/2 h o w  and f o r  

..--1/2 ;:ollrs prodaced a pronomce.', increase i n  t h e  inorganic and " l a b i l e  

7'- .. a,k!-srs Wish t o  sxpress &,heir appreciat ion t o  th.? Xadiohiology Branch 
c,f I C s  laborr 'ory f c r  a d v k e  and ass i s tance  i n  t h s  i r r a d i a t i o n  proc-iurr. 
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phophate" (ATP) content of t he  muscle t i s s u e  of  t h e  tourniquet occluded 
limb. 
t h e  length of time the  limb w a s  occluded ( see  Table 3). 

Cytochrome oxidase a c t i v i t y  was found t o  decrease,  depending on 

These r e s u l t s  are  s imi l a r  t o  those obtained a f t e r  adminis t ra t ion of 
p i t r e s s i n  and subs tan t ia te  t h e  explanation given f o r  the  e f f e c t  o f  p i t r e s s i n .  

As an extension of these  f indings,  a study was made of t h e  poss ib le  
pro tec t ive  e f f e c t  of p i t r e s s i n  and epinephrine aga ins t  t o t a l  body x- i r radia-  
t ion .  

The e f f e c t  of p i t r e s s i n  o r  ep inepb ine  on mor t a l i t y  a f t e r  t o t a l  body 
x - i r r ad ia t ion  is i l l u s t r a t e d  i n  Table 4. 
880 r dose i n  t o t a l  body exposure, t h e  majori ty  of deaths occurred between 
6 a n d . u d a y s .  P i t ress in ,  given 5 minutes before  i r r a d i a t i o n ,  afforded con- 
s ide rab le  pro tec t ion  with a su rv iva l  r a t e  of 86% as compared wi th  12% 
surv iva l  f o r  t h e  untreated i r r a d i a t e d  group. Similar ly ,  p i t r e s s i n  in j ec t ed  
20 minutes before exposure decreased t h e  mor t a l i t y  s ign i f i can t ly .  
i n j e c t i o n  40 minutes pr ior  t o  i r r a d i a t i o n  t h e  pro tec t ion  was diminished but 
s t i l l  d e f i n i t e .  The bene f i c i a l  e f f e c t  of p i t r e s s i n  pretreatment is f u r t h e r  
ind ica ted  by t h e  obzervation t h a t  t h e  surviving pi t ress in- t rea ted  i r r a d i a t e d  
animals l o s t  l e s s  weight and recovered weight very rap id ly  compared w i t h  
i r r a d i a t e d  cont ro l  a n b a l s .  

As would be expected with an 

With 

Epinephrine, administered 5 minutes before  I r r a d i a t i o n ,  a l s o  seemed 
t o  give pro tec t ion ,  but apparent ly  not t o  t h e  same degree as p i t r e s s i n .  

P i t r e s s i n ,  given 5 minutes af ter  i r r a d i a t i o n ,  would appear t o  give 
s l i g h t  but d e f i n i t e  protection. 

Tnreshold s t i d i e s ,  employing g r e a t e r  x-ray dosages, i nd ica t e  t h a t  
with p i t r e s s i n  i n j e c t i o n  5 minutes before i r r a d i a t i o n  t h e  threshold was 
r a i s e d  from about 800 r t o  about 1190 r. 

I V .  DISCUSSION 

The pro tec t ive  e f f e c t  of p i t r e s s i n  and epinephrine aga ins t  l o c a l  ( l e g )  
and t o t a l  body x- i r rad ia t ion  i n j u r y  may be due t o  the  t i s s u e  anolda pro- 
duced by these pr inc ip les ,  leading t o  a reduct ion i n  the  oxygen content o f  
t h e  t i s s u e  f lu id .  

It i s  general ly  assumed thar, mzry of t he  b io log ica l  e f f e c t s  of 
x-radiat ion can be a s t r ibu ted  t o  thz a c t i o n  of t he  decomposition products 
of  water which result  from t h e  i r r a d i a t i s n .  
evident  t h a t  t he  degree of x-radiat ion e f f e c t s  i s ,  t o  an important ex ten t ,  
dependent on the  oxygen content i n  t h e  c e l l u l a r  f l u ids .  

It i s  becoming increas ingly  

Cowdy, Bennett and Crastair: (5) exposed rats i n  very low oxygen 
t ens ion  15%) and found tha: :he acu',e effect.s of r ad ia t ion  a r e  only h a l f  
as severee  Remarkable decreases in many x-ray induced c e l l u l a r  phenomena 
by reduct ion o f  oxygen concentrat ion during i r r a d i a t i o n  have been reported 
( 6 ,  7 ) .  

3 



I 
1 
i 

i 
i 

. 

REPRODUCED AT THE NATIONAL A R C H l V E S  

\ 

.. 
V .  SUbWARY 

The surv iva l  r a t e  of  r a t s ,  exposed t o  l e t h a l  x-ray dosage, was found 
t o  be s igni f icankly  increased a f t e r  pretreatment with p i t r e s s in  or epineph- 
r ine .  

The pro tec t ive  e f fec t  of  these  pr inc ip les  may b2 due t o  t h e i r  property 
o f  producing a temporary t i s s u e  anoxia. 

V I .  IXCOI-IMENDATIONS 

The inf luence of s ta rva t ion  and of  a n t i b i o t i c s  on mor ta l i ty  from t o t a l  
body x - i r r ad ia t ion  should be studied. It a l s o  should be determined whether 
t i s s u e  anoxia produced by various o ther  agents wi1.l a l s o  exert  a general  
;;rotactive ac t ion  against  t o t a l  body x- i r rad ia t ion  injury.  

4 
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TABLE 1 

EFFECT OF PITRESSIN AND EPINEPHRINE ON MUSCLE PHOSPHORUS 
. -~ 

Treatment 
- 

c o n t r o l  - No t r ea tmen t  

pitressin 5 Uni ts  I.P. 

Cofitrol  

."l?.ressin 5 '.'nits I.P, 

Con': L.. 

+h 

, i 

Epinepnrine 0.2 mg 1.P. 

,:c'irol 

Epinephrine 0,2 mg ZoPa 

r, 

Control3 

# a c r i f i c e d  
M i l l .  

15 

1 5  

30 

30 

15 

15 

30 

30 

No. of 
Rats 

17 

12 

5 

12 

6 

12 

6 

12 

6 

Phosphorus 
Average f S. D. 

Inorganic  Labile 
mg % D r y  Wt. mg % Dry Wt. 

41.3 k 8.5 204.9% 25.5 

49.0 2 8e9 248.7+29.2 

40.7 t11.3 218-9 k26.5 

51.7 2 903 229.4 t27o9 

45.8 ? 7.3 216.6 2 3 L d  

32.7 ? 8.1 165.9 227.5 

43.4 i 5.6 222.Oi2O05 

34.5 2 6.0 166,3 47.0 

41.4 2 10.1 206,4 t21.1 

..l 

"Cor~trols received equivalent  volume of 0,9% NaCl IDPo 

6 
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TABLE 2 

EFFECT OF TOURNIQUET OCCLUSION ON MUSCLE PHOSPHORUS 
AVERAGE VALUES 5 S.D. 

._I --~ 

1 i5xperimental 
,Copditions 

1 Tourniquet on 1/2 hour 
' S x r i f i c e d  without r e l ease  

:or,trol - no tourniquet  

;or-.rol  leg - tourniquet  
animal 

C,?cl*ided l e g  - twun ique t  
animal 

I -_ ~ - n i q u e t  on 4-1/2 hours. 
; r i f i c e d  without r e l e a s e  

~ Control - no tourniquet  

C c ~ t r g ?  leg - tourniquet  
1 I animal 
I 
! Cl,czI?ided k g  - tourniquet  

- 
0. of 
Rat 3 - 

6 

20 

10 

5 

10 

Inorganic P 
mg% Dry W t .  

39.2 4.3 

49.5 t 7.7 

77.5 211.9 

34.9 t 1.3 

U e O  t 9.0 

L15.9 t20.1 

7 

~ 

Labile P 
mg% P Dry Wt, 

187.5 t 18,2 

187.9 t 18.5 

259-1 i 24.7 

183.4 21.1 

188.9 2 24.7 

361.3 _+ 37.8 

a n i c  P 
Labile P 

0.21 t 0.03 

0.27 -+ 0.04 

0.31 t 0.07 

0.19 0.03 

0.24 ?r 0.05 

0.32 -f 0-07 
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TABLE 3 

EF'FECT OF TOURNIQUET OCCLUSIOK ON 
MUSCLE CYTOCRROME OXIDASE 

AVERAGE VALlTES f S,D, 
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