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FOREWORD 
(Nontechnical summary) 

Injury to the blood-forming tiasues is responsible for the sickness followtng 

radiation dosee of sufficient magnitude to kill most of the animals exposed. m r e  

are very few treatment6 which will accelerate recovery of the ability to produce b i d  

cells, particularly those responsible for comhntiog infection (granulocytee) and b i d -  

ing $ktelets). CX the three major blood cell @pea, red cells (erythrocytes) have the 

longest life in the blood and there appears to be an emphasis toward producing t h e  

cells after radiation rather than the shorter lived granulocytes and platelets. 

This study w m  designed to measure effects on postirradiation granulocyte and 

platelet recovery when a combined approach aimed at suppressing erythrocyte produc- 

tion before irradiation and mtimulating granulocyte production by the administration of 

typhoid vaccine (endotoxin) following radiation exposure was employed. Red cell pro- 

duction was suppressed by transfusion of blood from donor dags on three occasions 

during the week prior to irradiation and endotoxin was given 24 hours after irradia- 

tion. This treatment combination was compared to a control group receivlng no 

treatment and to the effect obtained wtth each treatment used alone. 

During the middle of the 2nd week following radiation exposure, the group receiv- 

ing both transfusiou and endotoxin had significantly higher numbers of granulocytes 

in their blood compared to the other three treatment groups. No treatment combina- 

tion appeared to affect the two pert& of low count8 at the beginning and end of the 

2nd week. Recovery during the 3rd and 4th weeks was accelerated by endotoxin and 

retarded by transfusion, with the net effect being no di€ference between the group 

receiving both treatments and the group which was untreated. 
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3rd weeb followfag radiation exposure. Endotoxin did not appear to modify thh pat- 

tern while traaefutjion seemed to produce a more marked drop in platelet numbers. 

T U  decrease in plateleta appeared to be meochted with an increase in the aize of the 

spleen, an or- which h~ been d-crfbed previoumb an a reservoir for the platelet, 

particularly when enlnrged. 
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ABSTRACT 

This experiment was designed to test the bypotheSiS that, in hypertrmsfused 

dogs with suppressed erythropoiesis. endotoxin-induaed increased myelopoietic stim- 

dation 24 hours after Irrndfation would enhance leukocytic recovery. The treatment 

combination of transfusion polycythemia and endotoxin was compared to a control 

group receiving no therapy or  to the results obtained from groups of dogs receiving 

each treatment alone. The radiation expoeure was 1M) rads of total body x rays. An 

accentuated abortive rise in the group receiving the combined treatment, accelerated 

recovery in both groups receiving endotoxin, and impaired leukocytic recovery in the 

polycythemic animals were observed. Accentuated depression of platelets and splenic 

enlargement inversely correlated with the platelet levels were observed in the anlmals 

rcceiving transfusion therapy regardless of whether they received endotnxin. B IS felt 

that the data support the concept of interdependence between the various cell lines of 

hematopoiesis in an experimental model not previously described. 
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I. INTRODUCTION 

Death follming exposure to dmee of ionizing radiation below 1000 rpde is m- 

ally caused by failure of hematOpoieaie, leading to infsctim and hemorrhage from lack 

of the short-lived grsrmlocytas and platelets? "be concept of a common stem cell 

repopulating the erythrocytic, memkarsocytic and myelocgtic cell linea after irradi- 

ation has received coneiderable support. l 9 v 2 l  Despite tk greater need for grprmlo- 

cytes, H e l h  et al.15 h v e  demonstrated that by the 4th day after irradiation. there 

is a mrked eaphwia on repair of ewthropoieek. "'ransfusion polycythemia prior to 

irradiation for erythropoietic suppression does not appear sufficient. by itself, to 

increase production of granalocyte~ in the dog! Although it was poseible to achieve a 

marked accentuation of the granulocyte abortive rise by administration of endotoxin be- 

fore irradiation.' Ainmvorth and Mitchell were  not able to produce a similar increase 

when typhoid vaccine waa given to the dog 24 hours after irradiation, despite an in- 

crease in survival? 

The present study was conceived to teat the hypotheeis that a combination of 

erythropoietic suppression by preirradiation induction of transfusion polycythemia and 

pranulopoietic stimulation with endotoxin adminietered after irradiation might result 

in enhancement of postirradiation granulocyte recovery. 

II. METHODS 

Healthy, purebred, AKC regietrable beagles. 12 - 18 months of age were utilized 

in this study. Tbe dogs were bred and boerded at ANTEC Corporation (Leesburg, Vir- 

ginia) where immuniurtion for rabies and distemper was performed. At  least 2 weeks 

&fore transfusion, the dogs were transferred to temperature-coutrolled animal rooms 
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at the Armed Forces Radiobiology Research Institute. The animals were then emm- 

bed for parasite infestation, and necersary Veterinary care was provided. They were 

matntained individualb in stainlees steel cageat fed kibbled laboratory dog food sup- 

plemented once a week with a high protein canned meat ration, and provtded with fr& 

water ad libitum. 

Thirtg-01~ dogs were randomly assigned to the following four treatment groups: 

control (C), preimdiation hypertransfusion only (P), endotoxin after irradiation 

only (E), and a combination of both (P+ E). Group (P) contained seven animals, the 

remaining groups consisted of eight animab each. 

All dogs were irradiated with a radial beam generator as the x-ray source. It 

has the following phyrical factors: 250 kVp, 30 mA, 1.2 mm Be + 0.95 mm Cu filtra- 

tion (HVL- 1.9 mm Cu); and target to subject midline distmce 105 cm. The absorbed 

dose rate at the center of the dogs was 20 raddminute. Bilateral exposure conditions 

were achieved as described previou~ly.~ 

The endotoxin employed was typhoid and paratyphotd A and B (Parke-Davis) con- 

taining 1.5~10~ kffled organi6rns per millilit%r and was given 24 hours postirradiation. 

Polycythemia was achieved in the desigrrated recipients by three tranefusions, 

each containing about 250 ml of packed erythrocytes from beagle donors, on the 7th, 

5th and 2nd days before irradiation. 

Before tranafusioo. and daily after Irradiation, hematologic parameters were 

obtained by standard techniques including microhematwrit, red and white cell counts 

using the Cmlter counter (Coulter Electronics, Hialeah, Florida), differential counts 

of peripheral blood smear, and platelet counte using the phane contrast technique of 
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Brecher and &onkites and the technique described by Nakeff and -ml8 involving 

density separation with silicone fluid and counting with the Coulter counter. 

Four dogs from each of the four gronpe deecribed above were sacrificed by el- 

trocution on the 60th day following radiation exposure and the weigfits of the spleens 

were determined. The commonly employed use of a barbiturate for sacrifice wm 

avoided because it causes acute splenic congestion. 

The cbsracteri.tic points of the postirradiation granulocyte course, Le., the 

two minima and the abortive peak between (vide infra). were estimatd in each animal 

using several observations in each region to obtain a smooth curve (by regression 

analysis) utilizing the least squares method to fit polynomials up to degree three. 

Statistical techniques included the Mann-Whitney, Kolmoprov-Smirnov, and Kendall 

rank correlation methods.20 Probability results are given for use of the sign test 

unless othenvise stated. 20 

III. RESULTS 

Hematocrits averaged abmt 65 percent at the time of irradiation and remained 

elevated for 2 weeks. Previous work in this laboratory has demonstrated a 70 percent 

decreaee in 5%e incorporation in doga , with the transfusion technique described 

above. 6 

The two groups treated with endotoxin demonetrate mobilization of granulocytes 

on days 2 and 3 (Figure 1). All groups experience a nadir between days 7 and 9, with 

the average of the least squares fitted minima for all animals being day 8. An abor- 

tive rise follows with maximum response seen between days 10 and 12. A second 

Period of low granulocyte levels occurs in the 3rd week, with the average time to 



minimum for all animala being 17 days. Final 

weeks. 

then follows in the 4th and 5th 

comparison of the group averages during the abortive rise over the pertod from 

the average f i rs t  mln!mum on day 8 to the second minimum on day 17, demonstrates I 

signiticmtly increased concentration of circulatiag grnoulocytes in the combined treat. 

ment group on a11 days compared to the endotoxin treated group (pc0.003) and on all 

but the 9th day compared to the two groups not receiving endotoxin (p c0.03). The 

siagle point estimatea of the peak abortive rise obtained for each animal by curve 

fitting also demonstrate the superiority of combined treatment compared to the three 

other groups, using the- Kalmogorov-Smirnov test (pc0.02 ). 

During the final recovery period following day 17, the combined treatment group 

average granulocyte counts are Ugh- than those of the Broap treated with trarufarion 

alone on 14 out of 14 -8 (p<o.001), essentially the asme as those of the untreated 

control group, and s i g n i f h t l y  lmer than those of the group treated with endotoxin 

alone (12 out of 14 days. P CO.05). 

Figure 2 presents the average of the two groups receiving endotoxin in  compari- 

son to the two not receiving thfs treatment; the treated groupe. are  noted to have high= 

nounbe than the untreated groups on 9 out of 10 days (pc0.05) during the abortive rlse 

and above the untreated groups on 14 out of 14 days (p  <O. 001) during final recovery. 

The average of the two groups whme treatment included transfusion polycythemh 

is illustrated in Figure S in comparieon to the average of untreated groups. No differ- 

ence between the groups is apparent during the abortive riee, while there appears to 

be retardation of recovery (12 out of 14 days, p co. 05 ) in the transfused antmale. I 
4 
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Figure 1. Postirradiation granulocyte values in dogs exposed 
to 150 rads of x rnys 

5 



0 ?OLYmt+#MlUNDOtOXM AND uK)OlOXlN 
0 ?oLYCmRMI* AND COWROL 

I I I I I I 

DAYS ?OSIIRRADUTION 
0 8 IO I5 10 25 Jo 

Figure 2. Effect of endotoxin therapy postirradiation 
on grawlocytes in dogs 

6 



3.500 - 
3 m  - 

1.500 - 
1,Ooo - 

I 
? O l Y C Y l H W ~ l O X W  AN0 ?OLYCVTMMIA 

0 ENDOTOXIN AND CONROL 

3 

1,500 
0 5 10 IS ao 15 30 u 

DAYS rosnuumaw 

Figure 3. Postirradiation granulocyte values in polycythemic animals 

As shown in Figure 4, the average of the combined treatment group and the un- 

trwled controls ia higher during the abortive riee than the average of the b o  groups 

rc’ceivlng one treatment only (9 out of 10 days, p<o.o5) which suggests an interaction 
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or synergism of the two treatments and requlrea cautious interpretation of the cowlu- 

a i m  regarding the difference noted between endotoxla treated and untreated pmps 

during the abortive rise (Figure 2). No such interaction is seen in the period of final 

recovery. 

Figure 4. Interaction of polycythemia and endotoan therapy 
on postirradiation granulocyte values in dogs 
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I-' Figure 5 illustrates the postirradiation C o u r s e  of the platelet counts, with all 

grorrpe &OW~II~ no significant change before day 5. Exponential dbappearance of 
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Figure 5. Postirradiation platelet values in dogs 
exposed to 150 rads of x rays 

The spleen weights of the animals from the last two replicates of all P O U P S  

(4 dogs each) were determfDed after electrocution on the 50th postirradhtton &y and 



demonstrated a significantly greater ratio of spleen to b w  w e m t  in both transfused 

groupe (p  c0.05 by Mann-Whitney). An inverse correlation of spleen weight with 

platelet count during the plateau from days 12 - 21 (p  co. 05 ) and with counts on day 40 

(p ~ 0 . 0 8 )  w m  also noted, using the Kendall rank correlation method. No correlation 

of spleen size with granulocyte level. could be demonstrated. 

IV. DISCUSSION 

“bee studies. addreseed to the potwibflity of accelerating postirradiation grpn- 

ulocyte recovery, 8uggeut thnt supprersion of erythropoiesis alone prior to irradiation 

has no significant effaat on the granulocyte abortive rise and actually is associated 

with reduced level. of granulocytes during final recovery. 

Conversely, endotoxin administared 24 hours postirradiation appears to incnuc 

granulocyte level. during final recovery. hwever,  in v t m  of the tnteraction of the 

two treatments during the abortive recovery, endotoxin may not be said to have a sig- 

nificant effect alone during this period: treatment with endotoxin must occur in the 

presence of erythropoietic suppression for the occurrence of significant enhancement 

in the granulocyte abortive recovery. This synergism of the two treatment8 suggests 

that erythropoietic suppression makea available multipotential ntem cells for myelo- 

poiesis. However. t h b  increase in granulocyte production will only occur when a 

demand or signal for increased production ie initiated. M 1s presumably the case with 

the massive rnobilizattm ai mnu~ocytea from the bone marrow caused by endotoxin?’ 

Evidence to support the concapt of a common stem cell has been presented by 

wu et al?’ and Nowell et al;’ Diminished granulopoietic recovery following irradiation 

of anemic animals has been demonstrated by Hellman and Grate,’* Bradley et al! and 

10 
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Harris et a.13 Morley et a,'' have recently reported that in two groups of irra- 

&tad mice, who bad one hind leg shielded, the grow which was made polycythemic 

@y hypoxia) prior to irradiation demonstrated enhanced recovery of early grmdo- 

poietic cells in the m a m w  of the shielded leg and increased numbere of peripheral 

panulocytes. There appears to be a contrast with our findings wbere polycythemic 

suppression of ergrthropoiesfe was not suf'ficient alone to enhance granulocytic recw- 

ery. Two obvious differences between the experimental designs should be emphasized: 

the use of different opecles and the technisue employed for erythropoietic ruppresslon. 

Morley et a1.l' mbjected mice to hypoxia and irradiated them 6 days after return to 

ambient conditions. At this time. the animals were noted to have peripheral granulo- 

cyte a d  marrow myelopoietic precursor levels about twice those seen in the mnpoly- 

cythemic animals. 

b 
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It is also a h t  this time that polycythemic mice recovering from hypoxla dem- 

onstrate the maximum production of colony forming unite (CFW) to about 200 percent 

of control values.'' Presumably. then, hypoxia-Induced polycythemia confers a cer- 

tain advantage on the mice at the time of radiation exposure which would not apply to 

dogs whose erythropoiesis is euppresaed with transfusion alone since hypertransluwd 

mice have normal numbers of transplantable CFU.~' 

In the present study, a significantly greater reduction in numbers of platelets 

fO1lOWing  irradiation occurred in the two transfused groups. In view of the distinctly 

h e r  spleene in the tran~fueed animala and the inverse correlation of spleen size 

with the platelet concentration, it is suggested thnt splenic enlargement accounts for 

the reduction in platelet levels. ~n support of this, the reports of Aster'and de Gabriele 
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and Penln&toall have demonstrated a strong inverse re la thsh ip  between Circulating 

numbers of platelets and splenic WertropqY induced experimentally in the rat with 

intraperitoneal injectlam of met4ylcellulose. They have e h m ,  88 has Efarker,12 

that sequestration of an exchpngeable pool of plateleta in the hypertrophied spleen 

account for PB much M 60 percent of total platelets. 

. -  . 

It appears, then, that enhanced final recovery of peripheral mmilocyte levels 

with poetirradlation endotoxin therapy in the dog ie possfble, aw Aineworth and 

Mitchell2 demmtrated at higher doam of radiation. Neither their work nor W E  

demonstrates augmentation of the abortive rise during the 2nd week, with endotoxtn 

alone, PB ie seen with treatment prior to irradiation. On the other hand, in the prep 

ent study. polycythemic animala with mppreased erythropoiesis were able to reepond 

to endotoxin adminimtratioa, following irradiation, with a significant increase in the 

concentration of circulating granulocytes during the 2nd week. No further beneficial 

effect from the combined treatment was observed beyond the 2nd week. 
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