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Final technical repor t 

The major research e f f o r t during the pas t two years of the p r o j e c t 

has been d i r ec t ed to examine the response of the e o s i n o p h i l i c leukocytes 

system to changes in s e l e c t e d compartments of i t s ce l l popula t ion . The 

experimental approach has been t o expose r a t s to t o t a l or p a r t i a l body 

x - i r r a d i a t i o n and determine the ensuing responses in the major hemato-

p o i e t i c s i t e s and per iphera l pools . The e a r l i e r data have a l ready been 

reported and can be concise ly s t a t ed as fo l lows : 

1) Whole body i r r a d i a t i o n , 600 r . All major e o s i n o p h i l i c pools 

were a f f e c t e d with e a r l i e r recovery of the i n t e s t i n a l s i t e followed by 

a s l i g h t overshoot of the marrow (118% of con t ro l s ) by the 12th day a f t e r 

exposure. To be noted t h a t t he pa t t e rn of eosinophil recovery in the mar-

row was e s s e n t i a l l y i d e n t i c a l with the dec l ine and r i s e in the nucleated 

ce l l count . 

2) P a r t i a l body i r r a d i a t i o n , 600 r . Shielding of se l ec ted p a r t s 

of t h e body ( a n t e r i o r h a l f , p o s t e r i o r h a l f , a n t e r i o r 2 / 3 , one hind limb) 

revealed some major d i f f e r e n c e s in the response p a t t e r n s of the eos ino-

p h i l i c and nuclea ted c e l l s . B r i e f l y , the nucleated c e l l s of the sh ie lded 

marrow showed e s s e n t i a l l y cons tant counts a t t h e p r e i r r a d a t i o n l e v e l : in 

c o n t r a s t t he e o s i n o p h i l i c c e l l s reached values up to t h r e e t imes normal 

with a smooth r i s e beginning on the t h i r d day p o s t - i r r a d i a t i o n . In the 

exposed marrow, the nucleated ce l l count showed gradual recovery from 

the 3rd p o s t - i r r a d i a t i o n day onward a t a much f a s t e r r a t e than the eos ino-

phii l^jounts of the same marrow. The overa l l p a t t e r n emerging from a l l tbif 

staSSSI:Where var ious forms of sh ie ld ing were t r i e d , was thus c o n s i s t e n t 
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w i t h t h e c o n c l u s i o n t h a t t h e s h i e l d e d - i ^ r r . - . respond ing t o a s p e c i f i c 

e o s i n o p h i l i c s t i m u l u s , poss ib ly o r i g i n a t i n g in the i r r a d i a t e d a r e a s with 

a t ime course independent of the r e g e n e r a t i v e p a t t e r n of t he o t h e r nu-

cl e a t eu elements of the niarruw. The moie recent exper iments nave been ^ 

d i r e c t e d to t e s t some of t he f a c t o r s which could i n f l u e n c e t he marrow 

response and o f f e r a c lue to i t s mechanism. These were in b r i e f , the 

approaches and t he r e s u l t s . Head and l imb sh i e lded r a t s were exposed t o 

d i f f e r e n t doses of r a d i a t i o n (150, 300, 450, and 600 r ) . The e f f e c t s on 

the p r o t e c t e d and i r r a d i a t e d marrow were g e n e r a l l y oppos i t e and in p ro -

p o r t i o n t o t he dose : (hyper) e o s i n o p h i l i a of the sh i e lded marrow i n c r e a s -

ing with the dose , whi le the r epopu la t i on r a t e of t he exposed l imbs de-

c r e a s e d . These o p p o s i t e t r e n d s were r e f l e c t e d in t h e eos inoph i l in s h i e l d e d / 

e o s i n o p h i l s i n i r r a d i a t e d r a t i o s a t day 12 which va r i ed as f o l l o w s ( e o s i n o -

ph i l counts r e f e r r e d to c o n t r o l s = 100) : 

a f t e r 150 r = 157/133 r a t i o = 1 .18 
300 r = 130/54 = 2 .40 
450 r = 184/46 = 4 .00 
600 r = 290/30 = 9 . 6 7 

These da ta i n d i c a t e a v i c a r i o u s f u n c t i o n of t he p r o t e c t e d marrow heightened 

by t h e s e v e r i t y of t h e r a d i a t i o n - i n d u c e d damage, an i n f e r e n c e a l s o sup-

por ted by t h e r e s u l t s of t h e p rev ious s e r i e s where t h e a rea being i r r a d i -

a t e d , r a t h e r than t h e dose , was inc reased from ha l f t o approximate ly 2 /3 

of t h e body s u r f a c e . 

Sh i e ld ing of t h e abdomen in a d d i t i o n t o t h e head and limb d id not 

a b o l i s h but decreased the sh ie lded marrow e o s i n o p h i l i a a t days 11 and 14 

t o about one h a l f . Evidence was a l s o sought t h a t t he marrow e o s i n o p h i i i a 

i s no t s imply due t o a block of r e l e a s e o r lack of d i s t r i b u t i o n t o p e r i -
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p h e r a l poo ls d i n i n i s n e a i n t h e n - volume t>v i M i / i t i o n i n j u r y . The l a t t e r 

p o s s i b i l i t y i s u n l i k e l y because o f t h e absence o r b lood e o s i n o p h i l i a a n d 

the d i f f e r e n c e in the timing of the e f fec ts : tnerefore, the quest ion can 

be reduced to the evidence pro or con a release block. Two avenues were 

t e s t e d : the f i r s t cons i s ted of determining the r a t i o of immature to 

mature eos inoph i l i c c e l l s in the shielded marrow. Data were obtained f o r 

t h e in t e rva l day 3 - day 11 during which the immature/mature r a t i o lay 

wi th in the range seen in control animals , without apparent r e l a t i o n t o 

t h e e a r l y dec l ine or the l a t e r i s e in eosinophi l coun t s . The second ap-

proach was to admin i s te r dexamethasone (5 mg/kg), a procedure known to 

block eosinophi l r e l e a s e doubling the count f o r these c e l l s during the 

next 24 hours. Animals thus t r e a t e d on day 10 p o s t - r a d i a t i o n exh ib i t ed 

24 hours l a t e r a sh ie lded marrow eosinophil count one and one-half times 

higher than the i r r a d i a t e d non- in j ec t ed ra ts . The conclusion can be drawn 

t h a t a s u b s t a n t i a l number of eos inophi l s were s t i l l r e leased from the mar-

row. The lack of d e t e c t a b l e s h i f t in the immature t o mature r a t i o and 

the progress ive concur ren t gain in per iphera l pools t i t e r s f o r the phos-

phol ipase a re c o n s i s t e n t with t h i s view. Another group of experiments 

analyzed the l a t e t r ends in marrow and blood: the r e s u l t s showed a pro-

g ress ive trend of recovery in the exposed marrow which a c t u a l l y reached 

(hyper) eos inoph i l i a l e v e l s by the 22nd day. At t h i s time the readings 

were the same in both p ro tec ted and exposed marrow and decl ined in s imi-

l a r fash ion over the ensuing week. Blood eos inoph i l s a l so rose to twice 

the normal range but with a 2-3 day de lay , and remained above normal a t 

a time when marrow values had a l ready re turned to base l ine l e v e l s , 
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The l a s t group of experiments was undertaken with the purpose of r e -

l a t i n g t h e s e experimental f i n d i n q s with the c l i n i c a l condi t ion of i n -

creased e o s i n o p h i l i c blood counts r epor t ed as a r e l a t i v e l y common occur-

rence a f t e r r a d i a t i o n t r ea tment (Radiat ion Related Eos inophi l i a = RRE), 

which i s seen by some au thors ^ a symptom of some favorable p rognos t i c 

s i g n i f i c a n c e in tumor the rapy . Trom the c l i n i c a l s t a n d p o i n t , i t i s 

worthy of note t h a t RRE occurs almost exc lus ively i n a s s o c i a t i o n with 

i r r a d i a t i o n of the p e l v i s : consequen t ly , the most immediate and t r a d i -

t i o n a l i n f e r e n c e has been to envisage an e o s i n o p o i e t i c s t imulus o r i g i -

na t i ng in the abdominal v i s c e r a by a v a r i e t y of mechanisms ranging from 

loca l inflammatory r e a c t i o n s t o immune or autoimmune phenomena. Othe r s , 

however, have pointed t o t h e f a c t t h a t in most i n s t a n c e s the bones of 

the p e l v i s , which a r e e s t ima ted to con ta in a l a r g e f r a c t i o n of the t o t a l 

marrow (up to 40°;), a r e included in the f i e l d of t r ea tmen t and might con-

t r i b u t e t o t h e r e sponse . Repeated t r ea tmen t would magnify such e f f e c t s 

by c r e a t i n g a con t inu ing demand on t h e non i r r a d i a t e d marrow. In f a c t , 

Muggia (Muggia e t a l . , Oncology 27 ,̂ 118, 1973) has s t a t e d " e o s i n o p h i l i a 

was more f r e q u e n t i n p a t i e n t s r e c e i v i n g r a d i a t i o n t o l a r g e a r e a s of bone 

marrow" wi thout a c o r r e l a t i o n between RRE and g ranu locy te coun t s , thus 

sugges t ing independence of the responses of the two c e l l l i n e s , a s seen 

by us i n the s t u d i e s with p a r t i a l l y sh ie lded r a t s . In t h i s l i g h t , e x p e r i -

ments were performed t o determine i f i r r a d i a t i o n of abdominal v i s c e r a i s 

e s s e n t i a l in terms o f ^ M e i t i n g p o s t - r a d i a t i o n marrow e o s i n o p h i l i a . Two 

s e t s of e x p e r i m e n t s ^ B H B ^ ^ n ' e d : the f i r s t involved i r r a d i a t i o n of 

approximate ly 2/3 o f l ^ l ^ P f t y with s h i e l d i n g of t h e abdomen and one l imb. 

The e f f e c t s in t h e exposed and sh i e lded marrows did not d i f f e r subs t an -



- 5 - LY-76-S-05-3329 

t i a i l y f r o m t n o s e seen when the abdominal area was n o t p r o t e c t e d . The 

i n t e s t i n a l eosinophil pool was not af fected thus confirming the e f f e c -

t iveness of the s h i e l d i n g . The second experiments/! s e t t i n g involved 

i r r a d i a t i o n of the whole body minus the abdominal/area and sampling 

of t h e marrow of the pe lv ic bones to ascertain ifj the pro tec ted marrow 

exh ib i t ed a p o s t - i r r a d i a t i o n eos inoph i l i c response. This experiment 
I 

required the development of adequate techniques /of bone marrow sampling 
i 

from the i l i a c c r e s t and a s e r i e s of control t e ^ t s to warrant the ac-

curacy of the methodology employed. The r e s u l t s of t h i s pa r t of the 

study showed the expected pa t t e rn of dec l ine and l a t e recovery f o r both 

eosinophi l and nucleated counts in the exposed marrow. The response 

of the sh ie lded pe lv i c marrow i s shown in Table 1 and cons i s ted of a 

progress ive r i s e t o values more than twice the p r e - i r r a d i a t i o n leve l 

with an apparen; peak a t the 12th day in a pa t t e rn which c lose ly resembled 

t h a t previous ly seen in r a t s shielded over one of the hind l imbs. 

TABLE 1 

Eosinophil Counts (a) in Shielded Bone Marrow of Rats Exposed 
to X - I r r a d i a t i o n (600 r) 

DAYS AFTER IRRADIATION 

0 3 7 10 12 14 17 
Eosinophi ls 60.400 52.000 53.300 97,100 153.500 76.200 54.000 

@ = Eosinophils per mg of bone marrow 
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No major changes were present in the intestinal and splenic values 
confirming the adequacy of shielding. These findings lend strong sup-
port to the thesis that the stimulus to eosinopiesis is more directly 
linked to the irradiated marrow then to the irradiated viscera, at 
least in the experimental model considered here. The correctness of 
this view remains to be confirmed by additional evidence involving 
demonstration of the specific stimulus, possibly by transfer to syn-
genic recipients and eventual identification of its chemical and bio-
chemical characteristics. The data summarized here will become part of 
a publication now being prepared and will be communicated in a radiation 
research meeting in the near future. 


