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P b C  Ira1 Inveet3mato rs 
w i n g  this reporting period the principal investigators were B d d  

L. Upen, A. Kennon Davis, lilliam 1. Dads ( to  1 December 1953) and 
w i l l l a m  Lee. 

gol labora tga  

USN, and Janette D. Bigelm ( to  1 September 1953). 
Working with the principal irnrsstigators were John A. Alexander, w1, 

pbbct ivep  

The objectives of t h i s  program have been threefold: 

(a) 

(b) To evaluate the e f fec t  of ionizing radiation superimposed on 

To stdy local  e f fec ts  of radiant thsrmal energp on animal skh 
as a function of exposure ti-, Irradiance and pulse shape. 

burn injary. 
the interaction of the b o  tram and a qaantitative evaluation of this 
interaction in terms of l e tha l i t y  and other criteria of damage. 

The ultimate aims of W s  study are an understanding of 

(c) To study the systemic effects of thermal burns with special en- 
phasis on the phase following recovery frm shock. 

1.1 Blister Formation and Tissue Temueratare in Radian t berev an d 
Eontact Buqg 

This  study has been completed and the r e su l t s  published in U. S. 
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I H a d  Eadiologlcal Defense Laboratory unclassif led report  ERRDL-396. 
The data rill appear In a forthcoming Issue of the American Journal of 
ps tho loa  a 

1.2 f l  t er B 

in fable  1 of the progress report  f o r  the last period are a aumary of 
the data available a t  t h i s  time. 

T h i s  phase of the program has not been pursued and the data presented 

This phase is nor complete and the r e su l t s  are presented in unclassi- 
f i ed  report  WNEDL-402. 

3 COYBIKED m T S  OF I O N I Z I N G  BADIATION AND RADIANT TIERMAL ElyERGY BWBS 

3.1 Method of RoducinPEadian t Thermal Burn 8 

A l l  burns described in these studies were produced r i t h  the Mltchell 
carbon-arc projection l i gh t  described In de ta i l  In 11sNRDL-385. 
radiation has been accomplished with a Westlnghouse 250 KVP therapy uni t  
r i t h  the following irradiation characterist ics:  
A 1  and 0.5 mm Cu f i l t r a t ion ,  a 40 in. TSD, and a dose r a t e  of 23 r/rnin. 

A l l  X Ir- 

HVL 1.5 ma Cu using 1 mm 

3.2 pose-mortality and Surviva 1 Time 

This study, as described in d e t a i l  in the last semi-annual progress 
report  is now complete. 
radiant energy burns are not as closely res t r ic ted  t o  the f l r e t  48 hoar 
period as in the case of hot water burns has been substantiated. 
quent deaths occur a f t e r  radiant energg burns on the th i rd  and even occa- 
sionally on the fourth day following burning, but as in the case of hot 
water burns there are only wry Infrequent deaths following the fourth 
day in the case of burns alone. Hhen ion1xIng radiation is stprimposed 
on these burns e s s e n t i d l y  the sme pattern is seen aa in the ca8e of 

The ear ly  o b s e m t i o n  that deaths in rats glven 
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hot wa.ter burns. There is increased mortality in the early “shock phasen 
death period and fo r  the 500 r radiation plus burn combination there is 
mortality durlng the period 8 t o  20 days in excess of that expected from 
radiation alone. Table 1 gives the comparative median lethal burn areas 
as a function Of radiation dose. The hot water data have been reported 
previously and are given for comparison only. 

may be due t o  a small error in matching 
the severity of the lesions mat& the two methods of burning. The slope 
of the probit  regression lines Of response vs log dose Indicates a toler- 
ance dis t r ibut ion which is essent idl ly  a l ike r i t h  o r  without radiation 
as well as for the two types of burning. 

The small differences in LA 

3.3 P atholow 

Bo fur ther  experimental work has been accomplished on t h i s  phase since 
the last reporting period. 
ple te  and fur ther  srvrlysis of selected organs rill be undertaken. 

The processing of the  t issue is nearly oom- 

3.4 Ped B 1  ood Cell  Ghana eg 

3.4.1 && 

A comparison of the effects of 25 per cent and 15 per cent body area 
burns, 100, 475 and 500 r of t o t a l  body X irradiation w i t h  three combina- 
t ions of these on blood volume, red c e l l  volume, hematocrit, red cell  
count, hemoglobin, and reticulocyte population has been made in rats. 

blood and plasma volume over the 30 day period studied. Although red 
c e l l  volume was not appreciably al tered after the f i f t h  day a s l igh t  re- 
duction in hematocrit, hemoglobin, and red c m t  was observed throughout 
t h i s  period. The sustained reticulocytosis of the burned rat with con- 
current normal red c e l l  volumes indicates an accelerated destruction of 
erythrocytes during the post-burn period. 

Both 1 5  per cent and 25 per cent body area burns produced an increased 

The exposure t o  100 r of ionizing radiation produced only a transient 
depression of the reticulocyte level. However, 500 r caused a severe 
anemia with a concomitant f a l l  of a l l  the measured values for 15 days 
following the Irradiation. Blood, plasma, and red c e l l  volumes declined. 
Hematocrit, hemoglobin, and red c e l l  count f e l l  a t  similar rates.  Be- 
c o v e y  was first noted by increased reticulocyte counts on day 15 and 
all the measured values were normal by day 30. 

Irradiation with 500 r and a concomitant 15 per cent burn produced 
values which followed the patterns observed in the rats given 500 r alone; 
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nnmely, a severe anemia developed with concomitant depression of all the 
measured d u e s  for 15 days. 
which developed more rapidly than t h a t  cawed by 500 r alone. The anemia 
of the combined i n j u q  series w a a  detectable on day 8 and, on day 11, was 
equal t o  the maximmu observed in the i r radiated aninals on day 15. 

closely approrimated the values of the b e d  than of the 100 r irradi- 
ated rats. Of the measured values the reticulocyte count p v e d  t o  be 
the only w e h i l  indicator of exposure t o  ionizing radiation in this low 
doaage. Even the fall in this variable was obscured by the f i f t h  day in 
the reticalocytoais character is t ic  of the  burned rat. 

Such a combined injury produced an anemia 

The erythrocyte values In rats given a 25 per cent burn and 100 r more 

3.4.2 &&Lc an d Mechanic a1  F r a e l l i t y  of Emthroc* eE 

In summary the findings i n  th i s  phase of the work are as follows: 

The o m t i c  and mechanical f r a g i l i t y  of rat erythrocytes have been 
measured during the 30 day in te rva l  following severe and moderately se- 
vere burns, 100 and 500 r of whole body ionizing radiation, and combina- 
t ions of the two trauma. 

It has been found that ,  although it i s  d i fP icu l t  t o  demonstrate an 
increased f r a g l l i t y  as ear ly  as 4 hours a f t e r  severe bunas, there is 
most probably an increased resistance t o  osmotic hemolysis U, hours 
l a t e r  as the result of removal of the most f r ag i l e  ce l l s .  This  is a 
t ransient  finding and normal f r a g i l i t i e s  are found on the third day. 
During the recovery period an increased resistance to  osmotic hemoly- 
sis develops which is discussed as a possible resu l t  of increased red 
c e l l  turnover. 

I r radiat ion produces an increased oawt i c  resiatanoe at  the 500 t 
dose level but no t  at  100 r. 
f r ag l l e  c e l l s  and increased red c e l l  turnover. 

insofar  as osmotic f r a g i l i t y  is concerned. 

ionizing radiation and by l e t h a l  combinations of ionizing radiation and 
bums when neither trauma was l e t h a l  alone. It is thought that the in- 
creased mechanical f r a g l l l t y  is a sign of impending death in radiated 
animals either In the presence or absence of other complicating traama. 

This chaup  is correlated wi th  removal of 

Combination of the trauma brings about essent ia l ly  additive r e su l t s  

The mechanical f r a g i l i t y  was found t o  be increased by lethal doses of 

"he foregoing Information is being published as an unclassified repor t  
mmL-4l9. 
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Those studies which were undertaken t o  establish the relat ive resin- 
-00 t o  osmotic hemlysir  of young red ce l l s  wi th  respect t o  older red 
c e l l  populations ha8 been ccnpleted. 
the rat the ymmg a y t h c p t s  has a greater resistance t o  osmotic hew- 
~jsis than older ce l l s .  
~ lassF i i ed  report LWEDL-409. 

It has been established that in 

remilts have heen reported in de ta i l  in 

3.5 Blood -ti on E e c u  

l e t  concentrations have h e n  completed and are reported i n  detail in 
The changes in ~ e - ~ t a  and heparin clot t ing times as well ao plate- 

 classified report as1IBDL4u. 

3.6 mi t e  Blood Cell  Chmu eg 

There (ve no i m p o r h t  finding6 in the combined I n j q  b o f s r  as 
the white blood ce l l8  are concerned, The general statements made a t  
the end of the last reporting period were found to be true. That is, 
the t o t a l  and di f fe ren t ia l  white counts and bone'marror di f fe ren t ia l s  
are  essent ia l ly  those found with i r radiat ion injury. For burn8 on4 
a moderate letlhocytosls wi th  a s h i f t  toward the granulocytic c e l l s  I s  
found. The bone marrow of burned . d ~ h  is hyperplsstic in all ele- 
ments, but especially in the erythroid elements. 
here fo r  increased medullary erythropoiesis as well as increared ledso- 
poiesis. 

There is  wldence 

4 GEBHIBG SYSTFXIC CHBBGE5 FROM IUDIANT THgaYLL BUBHS 

4.1 Mortalitv - intensity Relationshipk 

Only  preliminary studies have been undertaken on this phase of the 
program but it is clear ly  evident tha t  mortality Is  a function of t o t a l  
radiant energy delivered as well as body area burn. 
for  burns in excess of w h a t  in the human would be classif ied as a thi rd 
degree burn. 

4.2 &emla of T h e m  1 B m  

I 

1 

I 
This is even true 

4.2.1 $nit ial Emthrocst  e Destruction 

Methods for using sodium chromate labeled with Cr5' have been stand- 

I 

ardized and actual measurements on this phase of the problem are now 

r 4  
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underway. The ini t ia l  red c e l l  destruction measurements will be done in 
re la t ion  t o  the mortality-intensity studies of Section 4.1. 
of red cells destroyed during Sarning a t  varioua total energy input w i l l  
be measured. 

The amount 

4.2.2 W-thro cvte Survival and Production 

Studies are nearing completion in which has been injected in to  
r a t a  2 ,  7 and 15 any8 following severe radiant energy t h e m 1  burns. 
The rate of removal of the tracer dose from the  plasm and its rate of 
appearance In the  peripheral erythrocyte have been measured. Figures 
1, 2, and 3 show the results of these uptake measurements. I n  each case 
the r a t e  of u t i l i za t ion  of the injected t racer  dose of iron has been ac- 
celerated in the  burned animals. This increased r a t e  of u t i l i za t ion  i m -  
p l ies  a more rapid production of erythrocytes and is characterized by 
the increased slope of the ear ly  portions of the  curve. I n  a l l  cases 
the final level a t  which the percentage u t i l i za t ion  stabilizes is the 
same. Ths implication of t h i s  finding is that the iron pool i n  rapid 
turnover is essent ia l ly  the same size in burned and control animals. 

Another phase of t h i s  study involves the  measurement of the mean 
survival time of erythrocytes following burning. A t  the completion of 
the uptake period, Le. one week, weekly injections of a non-toxic in- 
travenous Iron s m e  are  e v e n .  This material enlarges the iron stores 
of the animal and minimizes reu t i l i za t ion  of iron released f r o m  erythro- 
cytes by simple dilution. Measurements of the total amount of circu- 
l a t ing  radioactivity a t  various times following the ini t ia l  inject ion 
gives a measure of the f ract ion of t he  maximum act ivi ty .  Figures 4 and 
5 represent the data from this study. In  Table 2 a re  l i s t ed  the times 
in days required for one-half of the  labeled c e l l  population t o  be de,- 
stroyed. 
red cells are being destruyed a t  a more rapid rate. 
in the turned animal seems t o  be r i thout  regard t o  c e l l  age and removal 
of new c e l l s  begins i ~ d i a t e l y .  
with only a minimal loss  f o r  20 to 30 days before rapid removal begins. 

It can be seen that a t  2, 7 or 15 days a f t e r  thermal injury 
This destruction 

The c e l l s  of the normal animal survive 

Transfusion exper n t s  n m  under nay indicate t h a t  c e l l s  from burned 

span when injected in to  untreated recipient  rats. The same c e l l s  in- 
jected Into b e d  ra ta  have a rapid rate of disappearance. These find- 
ings would seem to indicate that the ce l la  made by burned animals are  
essent ia l ly  normal but that some destructive mechanism is accelerated or 
i n i t i a t ed  by bwning. 

1.3 Gaol 11Lu-Y P ermeability Chanees in the Barn ed Dog 

donor r a t s  with an Fe 28 label subsequent t o  burning have a normal l i f e  

These studies have not yet been in i t ia ted .  

--- 
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5 pLtUSFORHEXTPEFLIOD 

5.1  p c a l  Effects of Radian t EneEpp 

The studies requested in m - 3  928.2 of 16 Oct 1953 signed by E. H. 
for Chief, AFSlV'P, are under way.  Completion of t h i s  project is 

expected by 31 I b c h  1954. 

All other phases of t h i s  program are  complete. 

The evaluation of the microscopic pathology of combined effects  will 
be pursued. In  addition, it is planned ta evaluate more thoroughly the 
changes in erythrocyte mechanical f r a g i l i t y  as a prognostic sign of death 
in animals given the combined traumata. 

JS 
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5.4 &D era1 Svstemic Chanees from Radian t Thermal 

5.4.1 - ela 

This phase of the program rill be actively prosecuted. 

5.4.2 gnemia of Thermal Burn S 

5.4.2.8 

These studies a re  now under nay. 

&$ ti81 ErYt hrocvte Destruct ion 

5.4.2.b whr oc3rte S m v a  1 and R oduction 

Transfusion experiments designed t o  determine the nature of the 
destructive defect a re  nuder way. 
splenectomized animals is also planned. 

Repetition of these experiments on 

It is expected t h a t  a thermal source adequate f o r  burning dogs 
will be available shortly. 
burn anemia in dogs w i l l  be started.  

A t  t h i s  time studies on the nature of post- 
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5.4.3 3 a 8 0 

It is planned t o  do preliainary technique evaluation experiments 
shortly. 
undertaken as soon M an adequate thermal source is available. 

If these are successful fur ther  work on lmrned dogs w i l l  be 

6. PwLfcATIORS DURING THIS REPORTING PERIOD 

1. E. L. Alpen and G. E. Shellne. The Combed Effects of Thermal 
h s  and Whole-bdy X Irradiation on Survival Time and Mortality. 
Unclamlfied report EI?RDL-402, 18 May 1953. 

2. 1. 1. Dads, J. Bigelon and E. L. Alpen. Changes in Red Cell  
Volume and Osmotic R a g i l l t y  of Erythrocytes in the Rat Following 
Acute Blood Loss. Unclasslfied report EHRDL-409, If, A u g u s t  1953. 

f. Y. Davis, A. K. Davis, 1. Lee and E. L. Alpen. 
of Total Body X-irradiation and Radiant Energy Thermal Bums:  
I. Study of Blood Coagulation. Unclasslfied report USRRDEW3, 
22 October 1953. 

4. A, K. Davis, E. L. Alpen, G. E. Sheline and 1. Y. Davis. Combined 
Effects of Total Body X-irradiation and Radiant Energy Thermal 
Burns: 11. Anemia. Unclasslfied report ELsBBDL-423. 

5. E. L. Alpen, J. A. Alexander, A. K. Davis, and 1. Y. Davis. Com- 
bined Effects of Total Body X-irradiation and Radiant Energy 
Thermal Bmms: 111. Osmotic and Mechanical Fragi l i ty  of the 
grythrocyte. Ilnclaaslfled report USRRDL-4l9. 

3. Combined Effects 

Approved bp: 

A. E. BEHNIE, Jr. 
captain (E) 

Acting Head 
Biologlcal and Medical 
Sciences Division 

For the Scient l f ic  Director 
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TABLE 1 

Median Lethal Burn h e a  (LAso) f o r  
Thermal Burns and X Irradiation 

0 30.8 9, 1.W 

100 27.9 2 1.8 

250 ----- 
500 23.2 2 1.2 

r 

*Standard deviation of 

32.8 p 0.7* 

30.2 2 1.3 

26.8 2 2.0 

23.9 2 0.9 

TABLE 2 

Mean Erythrocyte Life Span after Severe Therm1 W I ~ S  

Mean Life Span (dwa) Iron Injection 
(days post burn) 

Buiied I Untreated I 
7 
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7 DAYS AFTER BURNING I 

0' 1 " I  
O 2 3 y s  6 7 

T l H E  AFTER F." INJECTION [DAYS! 

Figure 1 Iron utilization by burned and control rats. 
The slope of the initial rapid uptake line is a measure 
of the rate of erythropoiesis. 
mum utilization is a measure of the amount of iron in 
rapid turnover. 

The final level of maxi- 
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2 DAYS AFTER BURNING 
I 

I 
Figure 2 Iron .J t i l lentiol;  k y  &ne? C>P w n t r o l  rr.ts. 
The $lone of' the i i i i t ia l  ragi" u>t,n',- Y n e  i.? a nensi?rr 
of tne rste 01" erythroooiesis. The !'j"1?1 )eve7 or n;~ci.. 
mum utilization is a measure of t k  mount of iron in 
rapifi turnover, 
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'55s AFTER EURNING 

l i  

I---- 

F i p - e  3 Iron util.j!?iti.on hy 'rrumed a ~ d  control ri"-. 
The slope uf the inS t,j I!. rcni6 LvtnLe l.ine i s  a aencilre 
of the rate of erythronojes5.s. 
~ u m  ut i l iza t ion  i s  a neaarre of t h e  anount of i ron  i n  
rapid turnover. 

The final. level  of ~ i . r ! . -  
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0 10 20 30 40 sa 60 70 80 90 

TIME AFTER FsS* INJECTION (DAYS1 

01 

Figure 4 Disappearance of iron from the circulating 
emhrocytes  7 days after burning. 
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15 DAYS AFTER BURNING 

SACCHlRATED IRON OXIDE 5 YG I.V. WEEKLY I 

I I I 
10 20 M 4 0  50 60 70 80 9 

T IME AFTER F." INJECTION IDAYSI 

Figure 5 
erythrocytes 15 days after burnhg. 

Disappearance of .iron from the circulating . , 
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Plaval Radiological  D r f r n s e  Labora to ry .  
USNRDL-42 I .  (AFSWP.175) 

THERMAL. AND COMBINED T H E R M A L  AND ION. 
IZlNC RADIATION. E F F E C T S  O N  B I O U X I C A L S Y S -  
T E M S  - 1 JULY TO 3 1  DECEMBER 1953. by E. L.Alpe 
(5cmi-annual progress report lor  A r m e d  FOICCI Spccia 
Weapons P r o j c c t )  31 D e c e m b e r  1Y53. I 1  p. 

UNC LASSLFIE 

Pragrcas report  on biological  r e @ e a r c h  cu r ren t ly  i n  
progrcas  on the  cflectr of t h e r m a l .  and combined 
t h e r m a l  and ionizing ridlrtlon upon biological  s y i l c m i .  
for t h e  Armed FOIECS Special  Weapons P r o j e c t .  
P r o j e c t s  r epor t ed  ~ p o n  include combined clfcclr of 
i o n i r m g  radiat ion and hot  water b u m s .  a n d  general 
ry3 tcmic  changes  from radian t  t h e r m a l  energy burn,. 
P l a n s  lor t he  fo r thcoming  pe r iod  are p r c a e n t r d .  

. . _. 

Naval  Radiological  Defense Labora to ry .  
USNRDL-421. (AFSWP-475)  

THERMAL,  AND COMBINED T l t E R M A L  AND ION- 
IZING RADIATION. E F F E C T S  ON BIOLOGICAL SYS- 
TEMS - I JULY T O  31 DECEMUER 1953. by E.L.Alpen. 
(Scml-annual p r o g r e s s  report  for Armed F o r c e s  Syecia l  
Weapon* P r o j e c t )  31 D e c e m b e r  lY53. I 1  p. 

UNCLASSIFIED 

. 
ioniring radiation and hot water burns.  a d  general 
systcmrc changco f r o m  r a d l r n t  t h e r m a l  energy b u m s ,  
P l a n s  for  the lo r lhcoming  pe r iod  arc prc*cnted. 

1.  T b c r m i l  rad ia t ion  . 
Phyimlogic .4  rffecfs  

2. X i r rad ia t ion  . Bialogxcal 
effect. 

1. Alpen. E. L. 
11. A r m e d  F o r c e s  Spccial 

111. Ti t l e  
IV. NM 006 JI5 

w e a p o n s  p r o j e c t  

UNC LASSlFlED 

I .  T h e r m a l  rad ia t ion  . 
Phy,iolopicnl effects 
2. X i r r a d i a t i o n  - B1oIogical 
eflcct. 

1. Alpen. E. L. 
11. A r m e d  Forces Spec ia l  

Ill. Tille 
1V. NM 006 015 

w c a p o n a  P r o j e c t  

UNCLASSIFIED 

Naval  Radiological  Defense  Labora to ry .  
I I F N R " ,  . , , I  l . P 9 W ~ . 1 7 ~ \  . . . . .. - . . . . ~ ..., 

TkILRMAL. AND COMfllNCD THERMALAEiU ION- 
IZINti RADIAIION. E F F E C T S  ON BIOLOSICAL S V S -  
1 E M S  . I J U L Y  T O  I1 DECEMBER 1953. b r  E.L.Al0cn.  
(Semi -annua l  progress report lor A r m e d ' F & c c s  Spc;lal 
Weapons P r o j e c t )  31 D e c e m b e r  1951. 17 p. 

UNC LASSIFIED 

P r o g r e s s  report  on biological  r e s e a r c h  currently i n  
pcogrerr on the  efIeclr of l h c r m a l .  and Combined 
t h e r m a l  and ionizing rad ia t ion  upon biological  systcrna.  
fo r  t h e  A r m e d  Forces Special Weapons P r a j e c l .  
P r o j e c t s  reported upon include combined rffects of 
ioninng r r d i s f i a n  and hot water bum,. and general 
s y s t e m i c  change r  from radlan l  t h e r m a l  cncrgy b u m s .  
Plans i o .  t he  fo r thcoming  pe r iod  are p r e s e n t e d .  

Naval  Radiological  Defense  Labora to ry .  
USNRDL-II I .  (AFSWP-415)  

THERMAL. AND COMJ1NI:D T H E R M A L  ANV ION. 
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