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tnc l :  (1)  U. S. Naval Radiological Defense Laboratory U?TCLASSIFIED 
Report USNRDL L19 en t i t l ed  nCombhed Effects of Total Body 
X Irradiation and Radiant Energy Zhemal Burns. 
osmotic and Mechanical Fragility of the Ergthrocyte” 

III. 

1. 
mechanical f r a g i l i t y  of red blood ce l l s  of rats during a 30-day interval  

mis report provides additional data on osmotic fragility and data on 

. following exposure tc thermal and ionizing radiation injm. 

2. 
f rag i le  ce l l s  and by promoting a more rapid red blood c e l l  turnover, is 
associated with an increased resistance t o  osmotic hemolysis. It is 
important t o  note that the Increased resistance t o  osmotic hemolysis 
mssociated n i t h  a dose level of 500 r, does not develop a t  a level of 
100 r. I n  the combined traumata the results are considered to be additive. 

3.  Mechanical f r a g i l i t y  is increased by l e tha l  but not recoveq  doses of 
ionizing radiation, and by l e t h a l  combinations of radiat ion end bnrns 
when neither tram is  l e tha l  alone. 

L. 
dogme Of ionizing raZiation injury4.s possible. 
f r a g i l i t y  my be a prognostic sign of l e t h a l i t y  in irradiated animals 
either i n  the presence or absence of other complicating traumata such as 
bum.9. 

5 .  

It appears t h a t  e i ther  thermal or radiation injury, by the removal of 

I h e  significance of these andings  is that  a quantitative appraisal of 
Increased mechanical 

This report is forwarded f o r  i n f o m t i o n .  

A. R. B E N X E  
By direct ion 

. .  
J -. . ’ .  
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The osmotic and mechanical f r a g i l i t y  of rat e ry tkocy te s  have been 
measured during the 30 day interval following severe and moderately 
severe burns, 100 and 500 r of whole body ionizing radiation, and com- 
binations of the two traumata. 

It has been found that, although it is d i f f i c u l t  t o  demonstrate 
an increased f r a g i l i t y  as early as .4 br a f t e r  sewre burns, there is 
most probably an increased resistance to osmotic hemolysis 26 br l n t e r  
as the r e s u l t  of removal of the most fragile cells. ?his is a tran- 
s i e n t  f inding and normal f r a g i l i t i e s  are found on the th i rd  day. Dur- 
ing  the recovery period an increased resistance t o  osmotic hemolysis 
develops which is discussed as a possible r e s u l t  of increased red c e l l  
turnover. 

I r rad ia t ion  produces an increased osmotic resistance a t  the 500 r 
dose l eve l  but not a t  100 r. 
of f r a g i l e  c e l l s  and increased red c e l l  turnover. 

This change i s  correlated with removal 

Combination of the traumata k i n g s  about essent ia l ly  additive 
r e s u l t s  insofar as  osmotic f r a g i l i t y  is concerned. 

The mchanical f r a g i l i t y  was found t o  be increased by l e t h a l  
doses of ionizing radiat ion and by l e t h a l  combinations of ionizing 
radiat ion and burns when neither trauma mas l e t h a l  alone. It i s  
thought that the increased mechanical f r a g i l i t y  is a sign of impend- 
ing death in radiated animals e i the r  i n  the presence or  absence of 
other complicating traumata. 



A recent report  from t h i s  L a b o r a t o d  has described the e f f e c t  
of varions doses of ionizing radiation on both t$e irmnediate and long 
term mortali ty resnl t ing from thermal burns. For the purpose of elu- 
cidating the mechanisms causing increased mortali ty from the comblned 
traumata, the chenges i n  erythrocgte f r a g i l i t y  fo l lming  thermal burns, 
ionizing radiation, o r  a combination of both were investigated. 

Although increased osmotic f r a g i l i t y  of the red c e l l  w i t h  an 
associated hemoglobinuria i s  a -%quently discussed early complica- 

~ t ion of t h e m 1  burns, l i t t l e  laboratory work and onlg. limited c l in i -  
ca l  studies have been devoted to a careful investigation of these 
changes. 
the work of Shen and h i s  colleagues a t  IIarvard t!edical School . They 
have also investigate? the r e s i s t a c e  of the  erythrocyte t o  a staad- 
a d i z e d  mechanicnl t r a m  ane have attempted t o  correlate  chnnges in 
t h i s  .parmeter with osmchic f r a g i l i t y  changes. 

One of the most important contributions i n  this f i e  d l e  3 

It has been sham by Coldschnidt, e t  al.3, t ha t  even though a de- 
f ec t  i n  the erythrocfie cannot be demonstrated by u s u a l  means, the 
resistance of the  emhrocytte t o  heat i s  markedly lonersd by 500 or  
500 r of whole body ionizing radiation. 
of great  significance i n  the i n i t i a l  and continuing hemolysis asso- 
ciated w i t h  t h e r m 1  traunr. Then ionizing radiation is superimposed. 
The aims of the work described herein have been twofold - t o  define 
the c h r g e s  i n  osmotic nnd mechanical f r a g i l i t y  associated w i t h  ther- 
mal burns, and t o  evaluate fne effect, of ionizing ra3iat ion given 
concomitantly. 

This occult defect could be 

EXPERINENTAL DESIGN BND IJETBODS 

Animals 

Female r a t s  of the Sprague-Dawley s t r a i n ,  weighing i n i t i a l l y  be- 
tween 140 and 180 g an6 ap3roximately s ix  weeks old, from the Laboratoq 
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neatme& 

All a n i d s  were clipped and depilated wlng commercial tron- 
t i u m  sulf ide depilatory according t o  the method of Knhl, e t  a l l  I-- 
d ia t e ly  after depilation the  ani=ls were assigned to experiwntal 
groups by wana of a table  of random numbers. A p p r d ~ t ~ l y  72 hr 
follwlng depilation the rats were anesthetieed with pentobarbital 
aodian, 4.5 mg/lM) g body weight subcutaneonsly, and burned, irradiated, 
or  a combination of both according to the f o l l m l n g  protocol. 

Group I - control  (C); Group XI - 500 r total Ldy X I r radiat ion (4); 
croup 111 - 100 r total body 1 b a d i r r t i o n  (XI); h a p  IV - 4 radiant  
energy s t r i p  burns (25 per cant body area) p l w  100 r (B4X1); G r o u p  V - 
2 s t r i p  burns (15 per cent body area) plus 500 r (w5); Group VI - 2 
‘ s t r ip  burns (15 per cent body area) (%I; Group VI1 - 4 s t r i p  barns 
(25 per cent body u e a )  (B4). 

f e c t  of a uniformly fatal  treatment w a i  assigned the fo l lor ing  group 
designations: Group I - control  (C’); Group I1 - 475 r total body 
irradiation (X 7 5 ) ;  Group III - 4 radiant energy s t r i p  burns (25 per cent 
body area (B414; Group fv - 4 strip burns (25 per cent body area)  plus 
475 r t o t a l  body I r radiat ion (B4X4v5). 

u n i t  operated a t  15 ma. 
ge t  t o  skin distance, 40 in.; 0.5 am Cu, 1 mm A 1  filter, half value lay-er 
1.5 mm Cu. 
ceded burning by 20 t o  60 min. 

The experimental groups were a s s i p d  the  f o l l w l n g  desipmtions: 

A second experiment described in the text designed t o  test the ef- 

Irradiat ion was accomplished wi€h a 250 K P  leotinghonse therapy 
The’irradiation factors were as follows: tar- 

I r rad ia t ion  pre- The dose rate was approximately 23 r/dn. 

Those animals which were b e d  were t reated by positioning the 
anesthetized rats on a r o w  turntable behind an asbestos Insulated 
shield with rectangular openings 2.5 x 12 cm. 
ly in the proper posit ion by means of an e l a s t i c  c lo th  d i n g .  Radiant 
energy K ~ S  provided by a Pitchell-Nelson carbon arc  projector operated 
at  225 amps and 70 V D.C. 
radiant  energy 3.5 cm in diameter a t  the focus. The turntable was ro- 
ta ted  past the focused beam a t  a sped of one revolution every e seconds. 
Such treatment yields an expome t h e  of appro l imte ly  0.4 eec with a 
t o t a l  energg delivered of 9.0 cal/nq cm. The radiat ion was measured a t  
each rotat ion of the tab le  by a black body radiometer. l o  corrections 
f o r  non-absorbed radiat ion have been mads. These conditions correspond 
t o  the thermal radiat ion received at  approrimately 6006 it f r o m  the 

The rats were held t ight-  

The source provided a concentrated source of 
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n o b l  atoric bomb M described by Brookd. 
from a slngb q o m e  TM #u@ltlJ m a h p p d  for m h  rrrecedhg 
e r p o m e  to produce a contignoun burn. 
tmrn areas which were a p p d m a t e l y  15 per cent of tho t o t r l  body area, 
while the  four-s t r ip  burns gave wan burn areas of approximtely 25 
per cent of the ptal body area as measured by the  wthod described 
by Davis, e t  al. T h i P  latter burn produce8 abut 15 per cont mortal- 
i t y  in anirradiated rats while the former I s  not lethal under the anme 
conditions. 

Histologlcal e x d n n t i o n  of the les ions revealed t h a t  these burno 

The rimible  trip tarn 

The two-itrip b o r ~  -TO mean 

are essent ia l ly  e 
by Sheline, e t  al? The barns were applied t o  the back and sides of 
the animals and did not i n t e r f e re  with ambalation or excretory functions. 

valent t o  the character is t ic  White  burn. described 

Blood sampling was accomplished by w i t h d r a w a l  of approximately 5 il 
of blood from the  exposed r igh t  ventr ic le  i n to  a clean, si l iconized 5 m l  
syringe. The blood WM careful ly  expelled i n t o  a si l iconi ied 10 m l  
Erlenmeyer f l a sk  containing a small quantity of heparin. 
used f o r  determining the smotic f r a g i l i t y  of the erythrocyte was that 
of Shen, p, and Flemln2 using the BaC1-phosphate buffer recomnded 
by Ponder . 

The 8ethod 

Hematocrits were d ne by the  micro method in  n8e in t h i s  Lsboratory 
and described elsewhere 8 

Mechanical fragilities were done by the method of Shen, Castle, and 
PlemInglO which u t i l i z e s  ro l l i ng  contact of the blood with small glass  
beads as a measure of resistance t o  mechanical destruction. 

Reticulocyte counts were done in a wet preparation after s ta ining 
the c e l l s  with a solution of b r i l l i a n t  cresyl  blue in 0.9 per cent aallne. 
One thousand ce l l s  were counted and the r a t i o  of reticulocytes t o  mature 
c e l l s  was converted i n t o  a value f o r  number of c i rculat ing reticulocytes 
per cu mm of blood. 

RESULTS 

Osmotic F r a e i l l Q  

For purposes of calculation the osmotic f r a g l l l t y  data were plotted 
in the usual fashion - the per cent hemo'lysis against  the osmotic 
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tonicity. From the resu l t ing  digsoid aurw the tonicity d u e s  for 20 
per cent hemolysis (%o), 50 per-cant hemowsin ( 
hemolysio (%o) were mad. 

and gD per c a t  
p l o t t d  the changes I n  Figs. 1 through 7 

i n  osmotic and wchanical  f r a g i l i t y  as a function of time after apoanre. 
The ~aociatad hamtoc r i t  and re t icdlocyte  conCentrStions LC. prodded 
f o r  purposes of correlation. 
lml as a m o u l t  of the treatments discussed have been reported elm- 

significantly di f fe ren t  from the control values at the  0.05 probabili ty 
l eve l  by the  method of Weyn for comparison of h d i v i d u a l  BCIW in the 
analysis of variance. The osmotic fre.giliQ data  are plot ted as tho mean 
tonici ty ,  eapressed as gram per cent IlaC1, required to prcduce 20 per 
cent hew si8 ( ); 50 per cent hemolysis (H50); and 80 per cent hem- 
1 P i S  (Reg '3. M k e s e  three values only the %o T ~ L I  subjected to statis- 
t ical  ssa It can be seen t h a t  in the un- 
t rea ted  animals there  is a def in i te  trend torad t he  establlshinent of a 
more osmotically fragile population of red cells as t h e  dmals age. 
Therefore, it is especially important t o  compere the  t reated groups only 
with the  control groups sacr i f iced on the particular days fn question. 

The burned animals, e i the r  25 per cent (B4) or 15 per cent (%) 
body area, demonstrate a small f a l l  in the R50 tonici ty ,  i.e., increased 
resis tance,  on Day 1 followed by a re turn t o  normalmlues on Day 3. 
This early f a l l  has a p value of onsv 0.20 and therefore is of a lor 
order of significance. 
t on ic i ty  is seen. T h i s  increased resistance of the erythrocyte ln the 
burned animal is signif icant ly  d i f fe ren t  from the cont-ol group a t  Day 
8 f o r  the B 
trend c o n t i h e s  downward throughout t he  period of study, r h i t e  t he  
animals stabilize a t  the new leve l  a f t e r  the second week. This increased 
resis tance t o  osmotic dastmctiun of the erythrocyte is not simply a 
shlft  of the normal curve of hemo;ysis versus ton ic i ty  with a p r e s e m -  
t ion  of i t s  shape, but is a shift of the median hemolytic sal ine concen- 
t r a t i o n  (R 
curve. 
the  and E80 values. 

order to detec t  any increased f r ag i l i t y .  
a t  4 br and were found t o  have, i n  general, inchased  fragilities a t  
thls t i m e .  
ing. 
binemia during the first 24 hr. 

The changes in heaatocrit  and r e t i d o c *  

There g . The asterisked points are those which have been established as 

01s by the  method described. 

After the t h i r d  day a steady decline ln t h e  E50 

group and a t  Day 11 f o r  the % group. I n  the B group this 

) accompanied by an increased slope of the hemolytic response 
TLs 50 increased slope can be seen i n  the  increased apreaE between 

It i s  necessary t o  sample the  burned animsls earller than Day 1 in 
The B animals were sampled 

However, even a t  t h i s  early time it was not a uniform find- 
A l l  animals did have a marked hemoglobinuria and v is ib le  hemoglo- 

I r rad ia t ion  at the 50@ r l eve l  (X5) produces an over-all pat tern 
of Increased resistance much like that found i n  the b e d  groups. 
ever, the change is smaller and the spread of the  osmotic hemolysis CUNB 
a8 measured by the range of t on ic i ty  from H20 t o  @o has returned t o  

How- 
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normal limits at Day 30 af te r  ahaing a -ked increase f r o m  Day 11 
through 21. This re t= of the 
Day 30 is accompanied 
t r o l  limits. 
the  animal from the hemorrhagic defect due t o  i r radiat ion.  
roentgens (X,) has no s ignif icant  e f f ec t  on osmotic f r a g i l i t y .  

essent ia l ly  the same picture as found w i &  the hum alone. 
increased resistance found i n  the %X group develope a good deal  more 

group on Days 5 a% 8. This trend is reversed by Day 21 and on ay 30 
the A50 value f o r  the B2X5 group is the same a8 f o r  the B;! group and X5 
group. 

t o  &O t on ic i ty  range t o  normal on 
a hematocrit and reticdloeyte count w i t h i n  con- 

These l a t t e r  f indings m e  associated with the recoverg of 
One hundred 

Combination of the two traumata,B;?x and B X1 groups, r e s u l t s  in 
However, the 

rapidly and the A t on ic i ty  is signi 2 i can t ly  below e i the r  the 2 or  B4 

Mechan i c a l  Fraeilitg 

. 
burn groups a t  any time. 
ruption of the erythrocyte is Occurring it is d i f f i c u l t  t o  demonstrate 
i t s  significance s t a t i s t i c a l l y .  
that the plotted values do show a very small downward trend with time. 

No s ignif icant  changes in the mechanical f r a g i l i t y  a re  found in the 
If any increased resis tance to mechanical dis-  

It can be seen in Figs. 2 and 5, however, - 

I r radiat ion with 100 r whole body ionizing radiat ion produces no 
detectable cbange i n  the mechanical f r a g i l i t y ,  nor does 475 r, but a t  
500 r a small increase i s  evident, being s igni f icant  a t  Days 8 and 11 as 
shown i n  Fig. 8. Burning, although of i t s e l f  having no'demonstrable ef-  
fec t ,  sharply enhances the increased mechanical f r a g i l i t y  associated 
with radiation In jury  (Fig. 8) .  

To ru le  out the poss ib i l i t y  tha t  the mechanical f r a g i l i t y  changes 
oups are  due simply t o  the sharply reduced, 

The r e su l t s  of 

T h i s  

diluted with plasma from the same animal 
t o  adjust  the f i n a l  hematocrit t o  the range of in te res t .  
these experiments indicate a reduction i n  f r a g i l i t y  from 10 per cent, 
with an hematocrit of 40, t o  7 per cent, with an hematocrit of 15. 
small drop i n  mechanical f r a g i l i t y  d t . h  c e l l  d i lu t ion  is of no s ign i f i -  
cance w i t h  respect t o  the magnitude of the changes and, indeed, if cor- 
rection f o r  t h i s  e f f e c t  were made, there would be a s l igh t ly  greater ne t  
increase i n  the f r a g i l i t y  of the B X 
of Shen, e t  aLIO, on the e f f ec t  o# b z z t o c r i t  changes i n  human blood are  
i n  accord with these observations. 

X5, and BS5 groups. The r e s u l t s  
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DISCDSSION 

An almost aniversal early finding in severeb burned rats and a 
frequent observation in severely burned patients is a marked hemoglobin- 
uria which usually disappears by the second or third post-burn day. To 
what extent this rapid early destruction of eqthrocptes contributes to 
the early and long term erythropoietic load on the organism and to what 
extent later fragility changes can account for secondary thermal anemia 
is a question which has attracted a good deal of attention from clini- 
cians and investigators in the field of thermal burns. Shen and his 
coworkers2, after analyzing clinical data from a series of severely 
burned patients, observed that an increased osmotic fragility of the 
erythrocyte was associated with the period of hemoglobinuria, but that 
no significant anemia could be demonstrated in the same interval, i.e., 
2.4 to 48 hr post burn. In the series of rats reported here it bas n o t  
been possible to demonstrate ariy consistent and significant increase in 
the osmotic fragility of the erythrocyte at 1 day after burning in either 
burned cr burned and irradiated animals; in fact, findings to the cong 
trary are more common. 
that a significent decrease in red cell mass is found within a short time 
aftez burning. The failure to find a consisLent early increase in osmo- 
tic fragility is probably merely due to a rapid clearing from the circu- 
lation of heat damaged cella and, indeed, Shen has foun6 most marked 
changes in oarno52 fragility occurred in those patients whom they have 
been able to observe within a very few hours of the burn episode. The 
increased resistance to osmotic hemolysis which seems to be present in 
all burn groups, whether irradiated or not, on the first post-burn day 
is almost certainly due to the removal of a proportion of the more frag- 
i l e  or heat darraged cells following the burn episcde apparently leaving 
a residue of more renistant cells. 

However, it has been shown in this laboratory 

Of greater significance is the later increased resistance found in 
and X groups and in the two combine2 injury groups, BLXl the BZ, 

and B_1584'It has been reported by Davis, et 81. , that a "false anemia" 
exists m burned rats, an anemia that is characterized hyperplasia 
in erythropcietic tissues, reticulocytosis in the peripheral blood, nor- 
mal re8 cell volume, and expanded plasma volume. The conclusion of these 
authors is that a hemolytic process exists which is accompanied by a com- 
pensating erythropoiesis, with no net change in circulating red cell vol- 
ume even though the peripheral indices of red cell count and hemoglobin 
are lowered. 
mal steae state Fed cell volume, the cells of which have a mean age much 
lower than untreated animals. 
increased resistance to osmotic hemolysis. Davis, et al.@, have Clearly 

5 

The net result of these tu0 competing activities is a nor- 

sts itself in This young population mani 
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demonstrated a shlft towards a more r e s i s t an t  red cel l  popalatlon in rats 
in which 8 young c e l l  population has been produced 
The osmatic resistance of t h i s  p a n g  cell population WM charaeteriaed 
by a shift of the 50 per cent hemolytic ton ic i ty  (E 
t i on  and a spreading oat of the curve. I n  the  pres& data these condi- 
tions are  found. 
creasing kgpotonicity and a spreading of the curve as represented by the 
increased in t e rva l  between the E20 and H ~ o  hemolysis concentrations. The 
hematocrit of the burned animals remuins essent ia l ly  unchanged throughoat 
t h i s  period, but it can be aeen in Figs. 2 and 5 that the Increased resis- 
tance is closely correlated with the post-barn reticulocytoeis.  
consideration of the data  of Shen2 shows that t h i s  increased resistance is 
also seen in his pat ients  during recovery from severe burns. 

mute bleeding. 

) t o  l o r e r  concentra- 

There is a shift of the H50 i n  the dlrect lon of ln- 

Careful 

The poss ib i l i ty  that the increased resistance can be a t t r ibu ted  t o  
the continulng preferent ia l  destruction of cer ta ln  erythrocyte groups 
which a re  more f r a g i l e  t o  oamotic hemolysis, leaving a residue of resis- 
t an t  ce l l s ,  cannot be emcluded, but it is f e l t  that in turned animals 
t h i s  phenomenon must play a minor role. 
.with radioactive iron indicate tha t  w e r  and above the primary red c e l l  
destruction occurring during the Werthermic episode erythrocytes are 
destroyed in an accelerated random fashion without regard f o r  cell  age. 

is not as clear-cut as i n  the case of the burns. 
pronounced as f o r  the B 
f a l l i n g  hematocrit and lor level of ci rculat ing reticulocytes. It is 
possible that the key to this problem r e a l l y  l i e s  in a combination of two 
ef fec ts ,  namely, preferent ia l  removal of f r a g i l e  c e l l s  accompanied by a 
f a l l i n g  hematocrit a t  the ear ly  stages and h t e r ,  when the ret iculocytosis  
manifests i t s e l f ,  the  production of young c e l l s  which are osmotically more 
res i s tan t .  

Other s tudies  in this Laboratory 

The explaaation f o r  the increased resis tance found f o r  the X5 group 

group and is occurrlng in the face of a rapidly 
The change is not as 

' 
I n  the combined injnry there is essent ia l ly  a simple addi t iv l ty  of 

the i r radiat ion and burn effects. The 25 per cent burn, 100 r group (B4X1) 
shows simply the e f f ec t  of the B4 treatment while the 1 5  per cent burn, 

r e s i s L c e  develops before the reticulocytosis is evlden 
and I: treatments. It is noteworthy that again ln  the 
500 r group (B&) shows essent ia l ly  a simple additive 

Mechanical FraeiliQ 

The s l igh t ly  increased mechanical f r a g l l i t y  found f o r  the 500 r irra- 
diated group (X,) an8 f o r  the %X and B X475 groups is seen t o  immediate- 

ing hematocrit. 
eleventh and f l f t een th  day when the hematocrit I s  a t  its lowest value, it 

ly precede the period of pa xi mu^^ 2 lood 1 8 s  4 as chsracterised by the  fall- 
Tbls increased f r a g i l i t y  rapidly disappears and by the 
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is .g.in rithin the control range. The mebanism where& krrning mc- 
c e d s  in increasing the mechanical fragflity of the erytluocyto in the 
Irradiated a n i d  i s  not easily explained. 
t i o m h i p  of the increased f r a g i l i t y  t o  the time of beglnuing doatha in 
each of the groups in which it is  seen and in which wst of the  deaths 
will occur leads one to a fee l ing  that the change is one that precedes 
death. 
t ial ly associated with radiat ion pathology. 
neem t o  be merely potentiation of the radiat ion effectiveness and in 
this sense the potentiation of radiat ion mortality. 

Howewr, the taporal  mla- 

I n  general, the l a t e r  deaths from the combined les ion i s  essen- 
The hte e f fec t s  of burning 

A d i f f i c u l t y  Inherent in studies of this kbd is that it is impos- 
s i b l e  to predict  which animal would d i e  if not sacr i f iced experimentally, 
and the  atndy, by i t s  nature, is essent ia l ly  one r e s t r i c t ed  t o  animals 
surviving t o  the day of sacr l f ice .  Those animals given 475 r, just 
enough below the 500 r leve l  to reduce the mortali ty t o  zero, show no 
increase in mechanical f r ag i l i t y .  This finding again would neem to 
strengthen the posit ion t h a t  the increase in mechanical f r a g i l i t y  is a 
f inding only in the dying animal. 

. 

T h i s  increase in f r a g i l i t y  is associated with the beginnings of 
the hemorrhagic d ia thes i s  of radiat ion a t  which time large quant i t ies  
of erythrocytes have been seen t o  appear in th thoracic duct lymphu. 
By the seventh day red blood c e l l  levels in the thoracic duct lymph 
reach values around one million per cu mm and then slorly decline on 
succeeding deys. The trauma t o  the red c e l l  associated with this extra- 
vasation and the lymphatic col lect ion of red ce l l a  with return t o  circu- 
l a t ion  may well be one of the primary causes of the defect  observed. 
As the hemorrhagic tendency is probably a pr incipal  contributor t o  final 
death it may w e l l  be tha t  the finding reported is an early measurable 
indication of an early occult  extravasation of emthrocytes. 

e 

The osmotic 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 traumata. 

It has been found that, although it is d l f f i cu l t  t o  demonstrate an 
increased f r a g i l i t y  as ear ly  aa 4 hr a f t e r  aevere burns, there  is most 
probably an increased resis tance to osmotic hemolysis 2L hr l a t e r  as the 
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result of r e m o v a l  of the most f r a g i l e  cells. 

covery period an increased r eds t ance  to osmotic hsaolJsia develops Thlch 
is discasaed as a possible result of increased red c e l l  tmnmr. 

This is 8 transient  find- 
ing  md BO-1 f r n g l l f t i e s  are found 011 the  th i rd  d v .  - the re- 

I r rad ia t ion  produce8 M increased osmotic res is tance at the  500 r 
dose level but not a t  100 r. 
f r ag l l e  c e l l s  and increased red c e l l  turnover. 

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

of ionizing radiation and by l e t h a l  combinations of ionizing radiat ion 
and burns when neither t r a m  was l e t h a l  alone. 
increased mechanical f r a g i l i t y  may be a sign of impending death in radi- 
ated animals e i the r  in the  presence or absence of other complicating 
traumata. 

¶%le change is correlated wlth removal of 

Combination of the traumata brings about essent ia l ly  addi t ive re- 

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

It is thought that the 

I 

Approved by: 

I captain, ( E ) - ~ H  

Acting Head 
Biological and Medical 
Sciences Division I For the Sc ien t i f i c  Director 
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Fig, 1 Osmotic and Mechanical Fragilities, Aematocrit, and Reticulocyte 
Levels after BtMing and/or Irradiation - Control (C). 
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Fig. 2 Osmotic and Mechanical Fragilit ies,  Hematocrit, and Reticulo- 
cyte Levels after Buraing and/or Irradiation - 25 Per Cent Burn (E ) 
Those values which are  significantly different from the control on hi 
day of sacrifice are indicated by the asterisks. valnes,only, 
of the osmotic f rag i l i t i e s  have been s ta t i s t i ca l ly  analhed. 
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Fig. 3 Osmotic a d  Mechanical Ragllities, Hematocrit, and Beticulocyte 
Isvela after Burning and/or Irradiation - 100 r Whole Body Irradiation 
(Xl]. Those values which are  significantly different from the control 
on the day of sacrifice are indicated the asterisks. The H values, 
only, of the osmotic fragilities have been etatisticallp m d & d .  
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Fig. 4 Osmotic and Mechanical Fmgil l t iea,  Hematocrit, and Reticulocyte 
Invela after Burning and/or Irradiation - 25 Per Cent Burn and 100 r 
Whole Body Irradiation (E 
ferent f r o m  the control &%e dey of sacrifice a m  indicated the an- 
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Fig. 6 
Levels after Burning and/or Irradiation - 500 r Whole Body Irradiation 
(X5). 
the day of sacrifice are indicated 
of the osmotic fragilities have been statistically analyzed. 

Osmotic and Mechanical Fragilities, Hematocrit, and Reticulocyte 

Those values which are significsntly different from the control on 
the asterisks. The A50 values,onb, 

I I I I I I I I I I I I I I I I 
0 2 4 6 8 10 I2 14 16 I8 2 0  22 24 26 28 30 

IRRADIATED DAYS 

-20- 



. 

I .,DOC 

1 BURNED a IRRADIATED DAYS I 

Fig. 7 Oarnotic and Mechanical Fragllltles, Hematocrit, and Reticalocyte 
Levels .iter Burning and/or Irradiation - 15 Per Cent Burn and 500 r 

different iron the 
astarlska. 

Whole Body Irradiation ( ). Tho- values which are sigdficmtly 

of the osmotic fragilities have been 
n the day of mcrlfice sue Indicated the 

-21- 



24 - 0-0 475r  
0-0 500r 

22 * 475r + 25Ye BURN . A-A 5 0 0 r +  l5% BURN 

- 

-I 

I 

z 

6 -  

4 I I I I I I I I I I I I I I 

DAYS 
0 2 4 6 8 IO 12 14 16 18 20 22 24  26 28 : 

Fig. 8 Comparison of Mechanical hgility for Irradiated and Combined 
Burned and Irradiated Animals. 
greater than the control value8 are indicated by the asterisks. 

Those values which are nignlficantly 

-22- 



. 
DISTRIBUTION . 
COPIES 

NAVY 

Chief, Bureau of Ships (Code 348) 
Chief, Bureau of Ships (Code 348, f o r  forwarding) 
Chief, Bureau of Ships (Code 366, f o r  forwarding) 
Chief, Bureau of Medicine and Surgery 
Chief, Bureau of Medicine and Surgery (for forwarding) 
Chief, Bureau of Aeronautics (Code AE54) 
Chief, Bureau of Supplies and Accounts (Code W )  
Chief, Bureau of Yards and Docks (P-312) 
Chief, Bureau of Ordnance 
Chief, Bureau of Personnel  (Per. C )  
Chief of Naval Research 
Office of Naval Research  (Code 441) 
Chief of Naval Operations (Op-36) 
Chief of Naval Operations (Op-51) 
Chief of Naval Operations (Op-374/OEG) 
Commander, New York Naval Shipyard (Material Lab. ) 
Director ,  Naval Resea rch  Laboratory (Code 2021) 
Naval Research  Laboratory (Hulburt) 
Director ,  Office of Naval Research  Branch Office, SF 
Naval Medical Research  Institute 
Naval Medical Field Research  Lab., Camp Lejeune 
CO, Naval Unit, Army  Chemical Center 
CO. Naval Unit ,  CmlC Training Command 
CO. U.S. Naval Civil Engineering (Res. and Eval. Lab) 
U. S. Naval School (CEC Officers)  
CO, Naval Air Material  Center, Philadelphia 
CO, Naval Air Development Center ,  Johusville 
Aviation Medical Acceleration Laboratory 
GO. Naval Damage Control Training Center,  T r e a r u r e  l s l rnd  
GO, Naval Schooln Command, T r e a r u r e  Island 
CO, Naval Damage Control Training Center ,  Philadelphia 
CO. F lee t  Training Center ,  Norfolk 
CO. F lee t  Training Center ,  San Diego (SPWP School) 
CO, Air Development Squadron 5, Moffett Field 
CO, Naval Ordnance Lab., Silver Springs Alias) 
CO, Naval Ordnance Lab., Silver Springs 1 Alicx) 
CO, Naval Ordnance Lab., Silver Springs (EE) 
CO, Naval Electronics  Lab., San Diego (Code 210) 
CO, Naval Clothing Factory,  Brooklyn 
CO, David W. Taylor  Model Basin 

- 
1-6 
'1-9 
10-11 
12-13 
14  
15-16 
17-19 
20-21 
22 
23 
24 
25 
26 
27 
20 
29 
30-32 
33 
34-35 
36 
37 
36 
39 
40-41 
42 
43 
44 
45 
46 
47-48 
49 
50-51 
52-53 
54 
55 
56 
57 
50 
59 
60 

-23- 



61 
62-64 
65  
66-67 
68-69 
70 
71 
72 
73 
74 
75-78 
79-80 
81 
82 

83 
84 
85 
86 
87 
88- 89 
90- 92 
93-94 
95 
96 
97 
98- 99 
100 
101 
102- 104 
105 
106 
107-110 
111 
112 
113 
114 
115-116 
117 
118-119 
120 
121-123 
124 
125 
126 
127 

. 
GO, Naval Ordnance Tes t  Station. tryukern 
Commander Training Command, Pacific F lee t  
Commander Air Force ,  Atlantic Fleet  (Code 16F) 
CINC. U. S. Atlantic Fleet 
CINC, U. S. Pacific Fleet  
CO. Operational Development Force ,  Atlantic Fleet (Air Dept. ) 
CO. Operational Development Force ,  Atlantic Fleet (Tact. Dev. ) 
CO, Naval Postgraduate School. Monterey 
President ,  Naval W a r  College, Newport 
Commandant. U. S. Marine Gorp8 (G-4) 
Commandant, U. S. Marine Corps (A03H) 
Commandant, Marine Corps  Schools. Quantico 
Director,  Marine Corps Development Center (Tactics Board) 
Director,  Marine Corps Development Center (Equipment Board) 

ARMY 

Chief of Engineers, Department of the Army (ENGEB. Dhein) 
Chief of Engineers (Engineering Division) 
Chief, Research and Development 
Chief of Transportation 

Chief Chemical Officer 
CO. CmlC Chemical and Radiological Laboratories (Library)  
CC. CmlC Res. and Eng. Command. ACmlC, Maryland 
CG. Chemical Corps Materiel  Command 
Radiological Division, CmlC Chemical and Radiological Lab. 
Chemical Corps Training Command (Library)  
CG, Aberdeen Proving Grand (Res. and Dev. Lab. ) 
CO, Chemical Corps Medical Laboratories 
Office of Chief Signal Officer (SIGGC-P) 
Office of Chief Signal Officer (SIGOP) 
Army Field F o r c e s  Board No. 1. Fort Bragg 
Army Field F o r c e s  Board No. 4, Fort Bliss  
Chief, Army  Field Forces, Fort Monroe 
CO. Army Medical Research  Laboratory, F o r t  Knox 
Surgical Research  Unit, Brooke Army Hispital 
Army Medical Service Graduate School 
Medical Field Service School, Fo r t  Sam Houston 
Chief, Philadelphia Quar te rmas ter  Res. and Dev. Lab. (Library)  
Chief, Philadelphia Quar te rmas ter  Res. and Dev. Lab. (Davies) 
Quar te rmas ter  General, Department of the A r m y  
Operations Research  Office 
CG, The Engineer Center, Fort Belvoir 
CO, Engineer Res. and Dev. Lab. 
CO. Dugway Proving Ground 
CO, Frankford Arsenal 
CO. Picatinny Arsenal  (ORDBB-TK) 

Chief of Ordnance (ORDTX-AR) * 

- 24- 



128- 130 
131 
132 
133 
134 
135-136 
137-138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150- 151 
152 
153 
154 
155 
156 
157 . 158 
159- 160 
161-163 
164 
165 
166 
167 
168 
169- 1 70 

. 

171 
172 
173- 1 74 
175 
176 
177 
178 
179-1 80 
181 
182- 183 
1 84 

Surgeon General (Medical Res. and Dev. Board) 
Director.  Evans Signal Laboratory (Nucleonics &8nch) 
Director,  Evans Signal Laboratory (Technical Documents) 
CO, Transportation Res. and Dev. Station, F o r t  Eus t i s  
Superintendent. U. S. Military Academy (Prof. of Ordnance) 
Commandant, The Armored School, F o r t  mor 
Commandant. The Infantry School, F o r t  Benning (C.D.S.) 
Commandant, The Arti l lery School, F o r t  Sill 
Commandant. The Arti l lery School, Fo r t  Bliss ( M G M  Branch) 
Commandant, Command and General Staff College (ALLLS/AS) 
Director.  Special Weapons Development Office, Fort Bliss 
Director,  Waterways Experiment Station 
CG. F o r t  Army (G-1) 
CG. F i r s t  A r m y  (G-2) 
CG, First Army (G-3) 
CG. First Army (G-4) 
CG. Second Army (AZABB) 
CG. Second Army (AIABD) 
CG, Third Army (G-3) 
CG, Fourth Army (G-3) 
CG. Fifth Army (ALFEN) 
CG. Fifth Army (ALFOR) 
CG. Sixth A r m y  (AMGCT-4) 
Assistant Chief of Staff, G-2 
Assistant Chief of Staff, G-3 (RREtSW) 
Assistant Chief of Staff, G-4 
CINC. Far Eas t  Command (5-3) 
CG, U. S. Army Force  Far East (G-3) 
CG. USAR Alaska 
CG, USARCARIB (CG, USARCARIB) 
CG, USARCARIB (CG. USARFANT) 
CG. USARCARIB (Chemical Officer) 
CG. USARCARIB (Surgeon) 
CG, USARPACIFIC (Chemical Officer) 

AIR FORCE 

Directorate for Res. and Dev. (Armament Division) 
Directorate of Res. and Dev. (AFDRD-HF) 
Directorate of Intelligence (AFOIN-lB2) 
Directorate of Requirements (AFDRQ-SA/M) 
Director of P lans  ( W a r  P lans  Division) 
Director of Operations 
Director of Operations (Operations Analysis) 

Assistant for Atomic Energy (DCS 7 0) 
Assistant for Development Planni 

CG, Air  Materiel  Command (MCHIDX-4) 
CG. Wright Air Development Center (WCOES) 

. 
-25- 

U N C L A S S I F I E D  --_--------- 
I 



185 
186 
187 
188 
189 
190- 192 
193 
194- 195 
196 
197 
198 
199-201 
202 
203-204 
205-206 
207-209 
210 
211-212 
213-214 
215-216 
217-221 
222 
223 
2 24 
225-227 
228 

229-237 
238-243 
244 
245 
246-247 
248 
249 - 2 52 
253-257 
2 58 
2 59 
260 
261 
262 

263-270 
271-272 
273 - 2 74 

. 
CG. Wright Air Development Center (WCOESP) 
CG. Wright Air Development Center (WCRDO) 
CG. Wright Air Development Center (WCRTN) 
USAF Institute of Technology. Wright Pa t te rson  Air F o r c e  Base 
Surgeon General (Biological Defense Branch) 
CG. Air Res. and Dev. Command (RDDDN) 

- CG. Air  Res. and Dev. Command (RDDDH) 
CO. School of Aviation Medicine 
CO. School of Aviation Medicine (Brooks) 
CG. s t ra tegic  Air Command. Offutt Air F o r c e  Base (DM6A) 
CG, Strategic Air Command. (Operations Analysis Office) 
CG, Special Weapons Command, Kirtland Air F o r c e  Base 
CG. Air Defense Command, Ent Air F o r c e  Base (ADMAR-2) 
CG. Alaskan Air  Command (AAOTN) 
CG. Northeast Air Command (Defense Division) 
CG. Tactical  Air Command, Langley Air F o r c e  Base 
CG, Air Proving Ground, Eglin Air Fo rce  Base (AG/TRB) 
CG. Air Training Command, Scott Air F o r c e  Base (DCS/O,GTP) 
CO. Air  Command and Staff School, Idaxwell Air F o r c e  Base 
Director.  Air University Library,  Maxarell Air F o r c e  Ba6e 
CG. Department of Armament  Training. Lowry Air F o r c e  Base 
CG. Cambridge Research  Center (CRHK) 
CG, Cambridge Research  Center (CRW) 
CG, Cambridge Research  Center (Atomic W a r f a r e  Dir. ) 
CG. 1009th Special Weapons Squadron 
CG. Far East Air F o r c e s  

OTHER DOD ACTIVITIES 

Chief, Armed F o r c e s  Special Weapons Pro jec t  
AFSWP, Hq., Field Command, Sandia Base 
AFSWP. Technical Training Group, Sandia Base 
Assistant Secretary of Defense (Res. and Dev. ) 
Armed F o r c e s  Medical Library  
Armed F o r c e s  Institute of Pathology 
ASTIA - Reference Center 
Armed Services Technical Information Agency 
Chairman. Armed Services Explosives Board 
Commandant, Armed F o r c e s  Staff College (Secretary) 
Assistant for Civil Defense, Office of Secretary of Defense 
Director ,  Weapons Systems Evaluation Group 
Executive Secretary,  Joint Chiefs of Staff 

AEC ACTIVITIES AND OTHERS 

Argonne National Laboratory 
Atomic Bomb Casualty Commission (APO- 182) 
Atomic Bomb Casualty Commission (Washington) 



275-277 

279 
280 

2 7a 

281-2a3 
2 84- 2 a7 

2 a9 

I 

2 88 

290-291 
2 92 
293-294 
295-302 
3 03 - 3 04 
305 
306-309 
310 
311 
312-3 13 
314 
315 
316-317 
318 
319-322 
323 
3 24 . 325 
326-327 
328- 329 
330-332 
333 
3 34 
335-338 
339- 340 
341 
342 
343 
3 44 
345 
346 
347 

349 
350 
351 
3 52- 3 54 
3 55 
3 56- 3 59 
360-361 

. 

348 

AEC. Washington 
Atomic Energy of Canada, Ltd. 
Australian Embassy  
Battelle Memo rial Institute 
Belgium, Union Miniere du Haut Katanga 
Brookhaven National Laboratory 
Brush Beryllium Company 
California F o r e s t  Experimental  Station (Buck) 
California Research  and Development Company 
Carbide and Carbon Chemicals Company (C-31 Plant)  
Carbide and Carbon Chemicals Company (K-25 Plant) 
Carbide and Carbon Chemicals Company (CIRNL) 
Carbide and Carbon Chemicals Company (Y-12 Plant)  
Centre d'Etudes pour l e s  Applications de 1'Energie Nucleaire 
Chalk River Pro jec t ,  Canada 
Chicago Patent Group 
Columbia University (Failla) 
Consolidated Vultee Aircraf t  Corporation 
Director ,  Technical Operations b c .  
Division of Raw Materials,  Ishpeming 
Dow Chemical Company, Midland 
Dow Chemical Company, Rocky Flats 
duPont Company, Savannah 
duPont Company, Wilmington 
Eldorado Mining and Refining, Ltd. 
Fo res t  Products  Laboratory (Bruce) 
General Electr ic  Company (ANPP) 
General Electr ic  Company, Richland 
Goodyear Atomic Corporation 
Harshaw Chemical Corporation 
Iowa State College 
Knolls Atomic Power Laboratory 
Los Alamos Scientific Laboratory 
Los Alamos Scientific Laboratory (Director 's  Office) 
Los Alamos Scientific Laboratory (J-1 Division) 
Mallinckrodt Chemical Works 
Massachusetts Institute of Technology (Hardy) 
Massachusetts Institute of Technology (Hottel) 
Massachusetts Institute of Technology (Williams) 
Medical College of Vi rg in i a  (Evans) 
Mound Laboratory 
National Bureau of Standards (Taylor) 
National Bureau of Standards (Library)  
National Lead Company .of Ohio 
National Research Council, Ottawa 
New Brunswick Laboratory 
New York Operations Office 
North American Aviation, Inc. 

. 
-27- 



Nuclear Development Asaociatcs, hc. 
Oak Ridge Institute of Nuclear SIudies 
Patent  Branch, Washington 
Phill ips Petroleum Company 
Public Health Service,  Washington 
RAND Corporation 
Sandia Corporation 
Savannah River Operations Office, Augusta 
Strong Memorial  Hospital (Pearse)  
Tokyo University 
U. S. Geological Survey (Nolan) 
UCLA Medical Research  Laboratory 
United Kingdom Scientific Mission 
University of California (Engineering Research)  
University of California Radiation Lab., Berkeley 
University of California Radiation Lab. , Livermore 
University of Chicago Radiation Laboratory 
University of Michigan (Gomberg) 
University of Pennsylvania School of Medicine (Hardy) 
University of Rochester (Technical Report  Unit) 
University of Tennessee (Comar) 
University of Utah (Bowers) 
University of Washington. Applied Fisheries Lab. 
Vitro Corporation of +er ica  
Watertown Arsenal 
Western Reserve  University 
We s tinghous e Electr ic  Corporation 
Technical Information Service,  Oak Ridge 

USNRD L 

. 

USNRDL, Technical Information Division 

DATE ISSUED: 1 February  1954 



Combination of the ~ r i u m i t a  bring. about c8aentlaliy 
additive rcauils insolar a @  oarnotic fragility i r  concerned. 

The m=ehmic%l f.i@lty was I o u d  to be increased by 
Icthai doees of ioniring radialion and by lethal combina- 
tions 01 Ioniaing radiation and burns v h r n  neither trauma 
was lcthdl don<.  It ia thought thal the incrc iacd  mrchan- 
i c r i  lrigiliw is a sign ai impending death in radiated ani- 
mals elthe? in the presence or absence 01 other compli-  
cating 1rL"maU. 

Irradiation produce. an 1ncre.a-d omme- 
tic resistance 11 the 500 r dose lcvcl but 
not at 100 r. 
Iragile cell. and increased r r d  ccll tlrmrrvcr. 

CombiruUon of the triumala brings about errentially 
additive resuits insolar LI osmotic f ragi l i ty  I I  concerned. 

The mechanical lrigility -IS l o u d  to be increased by 
1eth.l dose. a1 ionizing radiation and by lethal cornbina- 
tion. 01 Ianiming radialion a d  burns when nc~thcr traumd 
was Ieth.1 alone. If In thought Uuf the increased mechan- 
ical Iragili* is a i i g n  of impending death in radiated ani- 
m i i s  ciUlrr rn the D Z ~ S C ~ C C  or absence of other comdi-  
eating I IaY-ta. 

Thia change i. correlated with removal a1 

UNCLASSIFIED 

UNCLASSIFIED 

Irradiation produce" a n  mcreased  osmo- 
tic re8 i~ la incc  zt the 500 r daac icvcl but 
not at 100 r. 
iragllr ceils and i n c r r = s r d  red cell turnover. 

Combination of the traumata brlngs about earcntiaiiy 
addilivc r . ~ s u I t s  msofrr as osmotic fragiilty is concerned. 

The mechanical fragility was l o u d  10 be increamed 
lethal doacs of ionizing radlrt ion and by IcUlaI combma- 
tiona of ionking  radiation and burn$ when neither trauma 
~1. Lethal alone. 1t is fhovphl that the increased m a c h n -  
icai  fng i i i fy  is L sign 01 impending death in radiated an,- 
mall either in the presence 01 absence 01 oUlcr eompii- 

This change ia  corre la ted  with removi 

=acing IIIYmata. 

discussed a. L pomaiblc resul t  of increased 
red cell turnover. 

Irradlrt ion produce. an increaeed 0.mo- 
tic resistance at the 500 r dose icvei but 
not at 100 r. This eh.npr is corre la ted  4 t h  removal 01 
frrgilr cell. and Increiacd r e d  ce l l  turnover. 

Combination of the traumata brings about r*smti i i ly  
additive r.esuIks Inlafar as osmoti~ fragility 1. concerned. 

The mechanical lr.giii* -1. l o u d  to be incre..cd by 
lethal dames a1 ionizing radiation and by lethal combim-  
t i m a  05 i a i i l n p  radiation m d  bum. when neither 1r.u- 
w.3 lrlhri alone. I1 is thought that the Lncrel-rd mechan- 
ical fragil i ty is a sign 01 impending death in radisted nni- 
mal. either in the presence or absence nf other compli- 
c*tinp tr=umrta. 
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COMBINED EFFECTS OF TOTAL BODY X IRRADIA- 
TION AND RADIANT ENERGY THERMAL BURNS. 111. 
OSMOTIC AND MECHANICAL FRAGILITY OF THE 
ERYTHROCYTE. by E. L. Aipen. 1. A. Aierandrr  and 
others. 1 3  Novamber i 9 5 3 .  2 1  v ,  diagra. 
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The osmotic and mccbanical fragility of 111  r ry thro-  
c y b s  have been measured during the 90 day interval 
following f eve re and moderately severe burns. io0 and 
500 r of whole body ionizing radiation, and Combinatmne 
-r the w0 traumat=. 

It has been found that. although i t  is  difficult 10 dsmon- 
.Irate an increased fragli l ty a s  early 1 s  1 h r  aftcr $e- 
were bums .  lhcrr is  most probably m increased 1 ~ 1 1 3 1 -  
ance to mmolic hrmoiysia 24 h r  later as th. rrauil  01 
removai of the most frrg.i= cei ia .  This i~ a transient 
iinding and normal fragilities are found ~n 
thc third dry.  During lhc ~ ~ C O V C T ~  per-  
iod an increased I C S I B ~ ~ C ~  to  osmotic 
hcmolyiia dcveiops which is (over) 

The osmotic and mcchanicnl fragility of = i t  cry thro-  
c p .  hare  been measured during the 30 day interval 
foliowing ICVII~ and moderately ecvcre bums. LOO and 
500 I of whole body ionirine radiation. and combinatrons 
or the IVO ITIY-~.. 

It har been lcvnd that. a l t h o q h  i t  is  difficult Ir) demon-  
strate  an i n r r r a i a d  fragility a. ear ly a8 4 h r  after #e-  
VLIC bums.  there is most probably an increased r e d s t -  
m c r  to osmollc hcmo1y.i. 24 h i  l i t er  1. h c  reeuit of 
removal of the most fragile cella. This is I Iransienl 
finding and normal lragiiitie+ are fovnd on 
h e  third day. During the recovery pe l -  
Iod an increimrd resislance to o#matic 
hemdysl.  develop. which 1s (over) 

. 
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COMBINED EFFECTS O F  TOTAL BODY X IRRADU. 
TION AND RADUNT E r t m G Y  THERMAL BURNS. 111. 
OSMOTIC AND MECHANICAL FRAGILITY O F  THE 
ERYTHROCYTE. bv E. L. Aloen. I. A. Aisxandrr and 

The osmotic and merhrn ica l  fr=gill ty -1 rat Cryfhro- 
cytcs have bcrn measured durmg the 30 dry interval 
followinE scverc and modcratcly scvcrc bum,. 100 and 
500 r of whole body ionimne radiahnn. and cornbinihms 
or the two traumata. 

i t  has been lound that. a1fhou.h i t  is dilficult to demon. 
sllrlc an nncrrased fragility an early a3 4 hr  after IC- 
YCIC burns.  there IS m o i l  probably an mCIeased r a i s t .  
ante to osmotic hemolysis 2 1  h r  later as the r e iu i f  of 
removal of Ihc mait  lragilc ccli,. This i i  a transient 
finding and normal fragii if ics arc found on 
the thard day. 
iod m increased rcds iance  to ownotic 
hemolysis develop. which is (ever) 

During the recovery per -  
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COMBINED EFFECTS O F  TOTAL BODT X IR,RADIA. 
TlON AND RADIANT ENERGY THERMAL BURNS. 111. 
OSMOTIC AND MECHANICAL FRAGILITY OF THE 
ERYTHROCYTE. by E. L. Alpen. J. A. Alexander and 
others. 23 November 1953. 2 1  p. d i q r s .  
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dlacmmed I. a poi i ib le  rcaul t  of hcrcamcd 
red cell lumovcr .  

IrradlLtbn produce. an inere.#ed osmo- 
tic rcsldancc at the 500 r dome level but 
not  at 100 I. 
fragile cella and increased red cell ~ U ~ O Y I T .  

Combhal lon of the traumata brlnga about e ~ i c n t l a l l ~  
additive result. insafar  as 0 ~ m o l I c  f r r g i l i q  is concerned. 

The mechanlcrl frsgil i ly was found to bc increaaed by 
lethal doles  of lonizinp radiation and by lethal c o m b h a .  

Ih i a  change im co r r r l r t cd  with removal  of 

lions of ioniring radiai1.m and burn. when neither trauma 
was lethal alone. I1 is tbaugbt that the incrcascd mcchsn-  
ical  frapiliIy i s  1 sign of impending d c i t h  in radiated an i -  
mals  elther in the p r ~ i e n c e  or absence of other compli-  
Cltinp traumata. 

l e . Y l t  Of increased 

Irradiation produce. an i n c r r i i e d  oimrr- 
fie r r ~ l s t a n c s  at the 500  r dear level but 
not at 100 r. This change i s  cor re la ted  with removal of 
fragile cells and increased red call t u r n o ~ e r .  

Combinaflm of t h o  traumala brings about e.acnlially 
addltlva re.Ylls insofar as  osmotic fragllily la concerned. 

Tbc mechanical f r a g i l i q  wan found to be increased by 
ielhal d-ses of ianl=ing ridlation and by lethal cambinr -  
tion. of ionininp radialIan and b u m s  when neither trauma 

klhal alone. It is thovght that the Incroaaed mechan- 
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dlscuaaed IS a posmiblr re1uIt of increased 
red cel l  turnover. 

Iriadiation produce0 an increaacd osmo- 
tic r c r i i t l n c e  at  the 500  r dose level but 
no1 at 100 r. 
lragilc cel ls  and lncreascd r e d  cell turnover. 

Comblnrlian m i  the t r a m m a l a  brings about essentially 
additive rcsullm insofar  as Osmotic fragllily i n  concerned. 

The mc.hanical fragility was found to be i n c r e r m d  by 
lcth.1 doves of ionizing r id i i t i on  and by lethal combilu-  
lions of ionlaing rsdlatian and burns when neither trauma 
was lrthi l  alone. It is thought Uut the increased m c c h n -  
i c l l  frrgil i ly 1s a sign Of imprndmg death in radiated ani-  
mals  either in the presence 01 absence of other compli- 
c*ting traumata. 

I h i a  chlngc is cor rc l i ted  with r ~ m o v a l  of 

dimumncd as a possible result of incrcanrd 
red cell turnover. 

b r a d l a t l o n  produce. increaned osmo- 
tic r c s i s u n c e  at the 500 I do.. ievci but 
not at 100 I. 
fragile c c l h  and increased r e d  cell ~ m r r u c r .  

Combinillon 01 the lraumit.  brhg .  about o..mti.lly 
additive results insolar am osmolIC fra@llily 1. concerned. 

Tbc mechanical fragilily -as found to be 1nerra.cd by 
IrUul  do... 01 lonirinp radiation and by 11lhd comblo.- 
lions of Irmlsing ridii t lmn m d  burns when neither t r i m *  
wan lelhal alone. It 1s thought th.1 the increased mrchan- 
ical f r rg i l l ty  1s .j sip of impcndinp death in radiated ml- 
mal. e i ther  h the presence or absence of other compli- 

This change 1. corre la ted  with removal of 

cating I ~ ~ U - W .  
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Irradiilion product. an increased osmo- 
tic roai,Unc= a t  the 500 r done 1ev.l but 
not a1 I O 0  I. 
fragile c c i h  and increased r ed  call turnover. 

Combination of the 1 i i u l l u U  brings about e.irnliaily 
additive ICBY~¶* insolar an o i m o t i ~  fragility i~ concerned. 

Tbe mrchmicai frqi i i ty  -*e found to be increased 
1eth.l dome* of ionizing radiation and by IethaI combim-  
tioni of i a i r i n p  radiation and bums  when neither trauma 
--I Iclh.1 alone. 
ical fragility is a sign of impending death m radiated an,. 
-1, either in the presence or absence ai other campii. 

This change is correlated r i t b  removal of 

It is though1 I b a L  the increased mechin. 

eating I I 1 Y M U .  
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