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There are numerous c o n f l i c t i n g  concepts  i n  r e spec t  t o  the func t ion ,  

fate and l i f e  span of lymphocytesot's Radiation of segments of the w11ole- 

body or lymphocytes in v i f r o  has long been exploi ted  i n  the study of lymph* 

eytcs. '-' However, i r r a d i a t i o n  of t h e  whole-body o r  segments i n j u r e s  lymph* 

poiet ic  t i s s u e  and the i n  v i t r o  e n v i r o m e n t  separates  the lymphocyte from 

homeostatic influences. We reasoned ttuit if it were p o ~ s i b l e  to  des t roy 

l a rge  numbers of c i r c u l a t i n g  lymphocytes by i r r a d i a t i o n  of the c i r c u l a t i n g  

blood i n  ah extracorporeal  shunt  under con t ro l l ed  condi t ions  without d i r e c t  

r a d i a t i o n  'of lpphogoietfc  tissues t h a t  we might be ab le  t o  s tudy many f a c e t s  

of lymphocyte production,  life span and f a t e  not poss ib le  o r  p r a c t i c a l  by 

o t h e r  methods. Th i s  is not the i n i t i a l  s tudy an ext racorporeal  i r r a d i a t i o n  

of c i r c u l a t i n g  blood since O'Brien, with o ther  ob jec t ives  i n  mind, s tudied  

t h i s  i n  r a b b i t s  and dogs. I0-l1 However, we believe t h i s  is the f i r s t  presen- 

t a t i o n  of the f e a s i b i l i t y  of des t roying blood lymphocytes i n  s u b s t a n t i a l  

numbers by ext racorporeal  i t r a d i a t d o n  of blood flowing a t  a cons tant  r a t e  with 

a subsequene prolonged depression of the  blood lymphocyte count under con- 

ditdona where t h e  Oransd t and i n t e g r a l  r a d i a t i o n  dose t o  t he  c e l l s  can be 

computed. 12 

mmms AKD MATERIALS: 

ANIMALS: Prelhinsry studies on  dogs and swine under general anes- 

thesie dmonstra-ted the des t ruc  tdon of lyrnphocytcs but these studies were 

d i f f i c u l t  t o  in te rpre t  because of the  marked effect of general anes thes ia  

upon the  leukocyte picture of these animals13 and the  i n a b i l i t y  t o  prolong 

anesthesia for many hours without deleterious e f f e c t  011 the animals, The 

c a l f  is  an e x c e l l e n t  animal f o r  these studies s ince  these ani;llals can be 

e a s i l y  restrained and the operative procedures c a r r i e d  out  under local 



anesthesia.  In Fig. 1 is shown a caLf w i t h  c a m u t a a  i n  the external jugular  

vein with blood being pumped through the e x t e r n a l  shunt. Calves from 200-400 

Iba in weight were used, 

OPERATIVE PREBDURRS: Two per cen t  local xglcxafne anes thes ia  was 

used. The external  jugular  vein was exposed by b lun t  d i s sec t ion .  After 

mobi l iza t ion ,  one half  hoar fs albowed f o r  hemostas i s ,  before the i n s e r t i o n  

of cannulae W hcpa r in i za t f sn .  The Tygon cannulae mea.surlng OD 3/23 inch 

and ID 1/4 inch are inserted towards the head f o r  outflow from the animal 

aold Oawatds the  h e a r t  fer  the  return to  the animal, The cannulae were 

t ied  in place by #O chromic catgut .  The wound was closed with su tu res  

for maintaining hemostasis in the hikin white heporlnized. A t  t h e  coaclusfon 

of the  ext raosrporeal  pumping, the wound was reopened, cannulae remove8 and 

the vein was e f  ther  l i g a t e d  o r  sutured, 

HEPARINIEATION: Six hundred rag. of heparin was given a t  the time the 

cannulae =re inserted and a continuous intravenous infusion of hepa r in  was 

waintairm! a t  a rate of I00 rag. per hour. 

'I'M3 EX'P7\8CORPORBN. P W :  D e t a i l s  of the punp, it's performance, in- 

f luence  on blood counts, and general  parfus ion u t i l i t y  w i l l  be published i n  

d e t a i l  elsewhere.14 Por a11 of these s tud ies  the pump was operated a t  70-80 

strokes per minute wi th  stroke valme 3.7-4.2 m l .  f o r  a ninvte voluns of 

a p p r a ~ f m s t e l y  300 m l ,  per minute. As much o f  the tub ing  as poss ib le  was 

surroutu¶ed by a m t e t  Jacket t o  maintain the temperatures of the  blood 

closely t e  the b d y  temperature o£ the  c a l f .  Xn addidi ton ,  an iizfrft red tamp 

t ~ a s  u ~ d  t o  haat the c o i l .  

I R ~ I B I A T I O W I  The x-ray machine i s  a 250 XYP General E l e c t r i c  Maxitron 

with 8 NOo hea&. I t  was operated a t  250 WP. The f i l t r a t i o n  is inherent 



from the tungsten target ,  The HVL is 1,75 me Cu, The dose r a t e  is  about 

300 r/min. a t  the  mid-point of the i r r a d i a t i o n  c o i l  around the  x-ray tube, 

An i n t e g r a t i n g  dosimeter monitors the e x i t  dose. The i n t e g r a l  dose has been 

checked by chemical dosimetry, 

Tiae i r r a d i a t i o n  device  (Fig. 2) i s  a c i r c u l a r  frame w i t h  a diameter af 

SO cm. There a r e  roughly 25 meters of Tygon Wbing c o i l e d  around the frame 

with an i n t e r n a l  volume of about  1100 m l .  The t r a n s i t  time f o r  a u n i t  of 

f l u i d  t o  pass through the  c o i l  is about 3 minutes. The t r a n s i t  dose is  

about 1100 r, The i n t e g r a l  dose t o  the  blood c e l l s  fol lows a p r o b a b i l i t y  

func t ion  based upon the blood volume, nixing of the i r r a d i a t e d  blood i n  the  

total b l o d  volume, t r a n s i t  t h e ,  an8 dose rate and the p r o b a b i l i t y  of ra- 

p e t i t i v e  t r a n s i t s  through t h e  i r r a d i a t i o n  c o i l .  The mathema t i c a l  method for 

this computation has been established en8 will b@ publishekl ~ e ~ a t a t e l ~ , ~ ~  

The i r r a d i a t i o n  c o i l ,  pump, and connecting tubing  was washed with 

turning water, f i l l e d  w i t h  30 per  cen t  H20t f o r  a t  l e a s t  20 minutes t o  

oxidize any pytogen contaminants, washed with s t e r i l e  pyrogen-free s a l i n e ,  

and then f i l l e d  with 'PO per  cen t  e thanol  for f i n a l  s t e r i l i z a t i o n .  Imed ia te l j r ,  
I 

before  c a m l e . t i o n  the  e than01 was pumped QUt ;@.-..'tbJo . ,., 1iher.s bl: s4erOaa ;;pgrogen 

free saline pumped through t h e  device t o  remove the  ethanol. PmP, conmct- 

in$  tubing and i r r a d i a t i o n  c o i l  contained about 1200 m l  of' s t e r i l e  s a l i n e  a t  . . 

t h e  time of cannulat ion,  which is pumped i n t o  the animal. a f t e r  the  pumping is 

s t a r t e d  thua d i l u t i n g  the  blood by saline whi le  the intracorporeal  blood volume 

remains constant ,  

MEMBTOLOC;IC PRCCBDURES: Microhomatoc r i t6 were performed with  the d n- 

t e r m t i o o a l  cen t r i fuge  sginnisq a t  12,000 r p  f o r  6-1/2 minutes. 

 tate el at counts  were perfo-d by the method of Brccher and Cronkite,  15 

Leukocyte counts  were performed by the  Coul t a r  blec tronic 



Blood smears were made on caversLips a d  sf~im?t¶ by Wright-Bieam~ 

method. Two hundred c e l l  differential counts were made. 

Bload samples i n  the i n i t i a l  s tudies  were taken fram the outflow tube 

from the animal and the inf low t o  the animal after the circuit through the 

irradiation c o i l .  

Blood samples were taken a t  regular intervale af ter  start iug the pump 

and ir~addatdan.  Dlood cou.nts*were perforsled on these  smlples inmediately 

an8 after 6 hours of incubation a t  37% i n  order t o  allow irradiation injury 

t o  develop i n  the i n  vitro envirament by the method of ~ r o r r e l l . ~  

Rectal temperature vms measured a t  half-hour intervals by a rectal 

t h e m i ~ t o r  as  well as the blood, cnil and wafer sheath. 

Leukocytes: In figures 3 through 8 ,  the  results  are plo t t&.  I n  
8 

gigute 3 i b  will be noted that  prompt lymphocytosis and neutrophilic leu- 

kocptos i s  de~elopi3 fallowing the hcgarinizatfon operation and during the 

period of pre-irradiation pumping. This i s  also observed i n  Pigs. 4,5 and 8 ,  

This ha$ become a constant f i rd ing  and t h i s  subyect with it's m e c h a d w  - .  of 

action w i l l  be reported i n  deta i l  elsewhere?? 

PnlSawiag the comaencement. of irradiation of the blood there is a 

prompt diminution i n  the concentration of the p e r i p b e f ~ l  lymphocytes, In 

Pig. 3 is shown the influence of two hours of irrwl iat ion ,  The lymphocyte 

level  had decreased a t  4 hours after cornmencement of radiation t o  SS per 

cent of the m a x i m m a  value observed ( 5  hours after start ing the In 

Pig. 4 the i d l u e n c s  of 6 hours of i r rad ia t ion  is shown. The lmghocyte 

counts increased for 2 hours a f ter  heparinrtat ion and pumping an$ then irrckdlia- 

t i o n  of the blood wag comenccd, After  6 hours of frradliation of blood in the 



ext racorgorcal  shunt the lymphocyte count was 40 per  cen t  of the  peak value, 

The normal c i r c u l a t i o n  was reestablished and the  fol lowing day the lymph 

l e v e l  was down t o  33 per cen t  of the peak count. Tl~e neutrophi l ic  leukocy- 

tosis is a.pparent during the  pumping and i r r a d i a t i o n .  

Xeutrophils have returned ta  normal l e v e l s  by the fol lowfag day. I n  

Fig.  S the e f f e c t  of 12 hours of i r r a d i a t i o n  i s  observed. ?be lymphocytes 

have f a l l e n  t o  1300 per m3 or 1 7  pe t  cent of the l e v e l  at'comniencement of 

i r r a d i a t i o n ,  I n  Fig, 6 t he  inf luence  of the ccnbined opera t ion ,  hepariniza- 

t i o n ,  pumping and i r r a d i a t i o n  i n  producing a grsnulocytos is  i s  i l l u s t r a t e d .  

I t  is  of i n t e r e s t  t h a t  the granulocytes go t h r o ~ h  a nrnximu~l while the blood 

fs being irradiatedo Apparent r a d i a t i o n  i n j u r y  of granulocytes i s  de tec ted  

by incubating t h e  i r r a d i a t e d  blood f o r  6 hours i n  v i t r o  which al lows in jured  

c e l l s  t o  d i s i n t e g r a t e  an8 r e s u l t s  i n  a lower neut rophi l  count. 

In Fig.  7 the inf luence  of 3 hours i r r a d i a t i o n  is shown. Lymphocytes 

f e l l  from 5,400 pe r  m3 a t  comncement  of i r r a d i a t i o n  t o  3,200 a t  c m p b  t i o a  

or 57 per  cent of the value a t  commencement and continued t o  f a l l  f o r  the 

w x t  24 hours t o  1600 per m3. Thereaf ter  counts  comenced t o  increase but 

had not a t t a i n e d  the  g re - i r r ad ia t ion  l e v e l  even 28 days a f t e r  completion of 

f r t d f  a t  ion. 

I n  Fig, 8 the immediate and long term influence af 6 hours of i r radiwr  

f a  shown, Tbe lymphopenfa is similar t o  previous expsriutents and the s luggish  

r e t u r n  is evident s t i l l  being below the  p r e - i r r a d i a t i o n  l e v e l  29 days a f t e r  

the i r r a d i a t i o n ,  i n  this f i g u r e  the l e u k o c p t o ~ i a  wi th  proapt  return t o  normal 

values ie i l l u s t t a t a d .  The prolonged time f o r  r e t u r n  of lymphocytes coudt t s  

aonnal range t r i l l  be published i a  d e t a i l  elsewhere,l8 



PEATELBTSI kZ~lA'KX=RIT AND RECTAL TLMT'ERATiFIi: mere  is no e f f e c t  of 

t h i s  dura t ion  of i r r a d i a t i o n  on the p l a t e l e t  count, The hematocrit  is  re- 

duced i n  propor t ion  t o  dilution of the blood volume by the mount  of s a l i n e  

with which the e:rtracorporcal c i r c u i t  i s  primed. Upon cotnpdetion afr' the 

ext racorgoreal  shunt and r e t u r n  of a l l  of the blood t o  the animal, there  is 

a rapid adjustment of blood volume a.nd the  h f i n a t ~ c r i t  r e t u r n  t o  the usllal 

value. The d e t a i l s  of the preceding w i l l  be publ ished separa te ly ,  19 

IN VLTRO IKUBATIOM OF BLOOD: In Pigs .  3 and 5 the inf luence  of 6 

hours of incubation of the e f f l u e n t  blood from the  r ~ d i a t i o n  c o i l  a t  37% 

i s  shown, C e l l s  which have passed through the shunt only a s i n g l e  time and 

which have received a b u t  900 racls are d r a s t i c a l l y  e f fec ted  showing a d i s s o l ~  

tion of 87 per cent  of the cells i n  a 6 hour incubation period. Note i n  both 

Figs, 3 and 5 t h a t  r e l a t i v e l y  few c e l l s  d i s i n t e g r e t e  dur ing  6 hours incubai  

tion pr ior  t o  cofi~masncment o f  i r r a d i a t i o n ,  I t  is presumed t h a t  this fa t e n t  

r ad ia t ion  in ju ry ,  not detect&hle b y  immediate cytologic  observation in v i t r o  

bu t  brought out  by incubat ion  i s  "sensed" by t he  r e t i cu loen4o the l i a l  system 

promptly and t h a t  the c e l l s  o r  f r ~ g m e r l t s  are reaoved Prom c i r c u l a t i o n  gro- 

ducing the observed i n  vivo lymyhopeni~. 

DISCUSSTOM: 

I t  h a s  been shown t h a t  ext racorporeal  i r r a d i a t i o n  of the c i r c u l a t i n g  

blood w i l l  d m q e  lymphocytes, These lymphocytes w i l l  d i s i n t e g r a t e  i n  v i t ~ o ,  

Prolongation of the ext racorporeal  i r r a d i a t i o n  produces a progress ive  lymph* 

penia,  I n  a d d i t i o n  t o  the  lymphopeniar s t q o r a r y  neu t rogh i l i c  leukocytosis  

is There i s  no influence upon the p l a t e l e t  count. 

The iuechanlsn of the 1y;~phopenia is no t  firmly es tab l i shed  bu t  i s  

believed due t o  pe r iphera l  r a d i a t i o n  i n j i u y  with subsequent removal of the  



lymphocytes ptcsum;lbly by the r e t i c ~ : l s s t x l o t h ~ l l a l  system, 

T'he s luggish  return cf the lymphocytes to pre- irradiat ion  l e v e l s  i s  

in 3arkac-l cot12rast t o  the repor ted  rapid return fo l lowing  peripheral  deple- 

t i o n  by Arxining lymphocytes f tom the thoracic duct  lymph i n  the ca l f  ," The 

two methods of product ion  of lymphcrpenia pos se s s  s i g n i f i c a n t  d i f f e r e n c e s  t ha t  

may e x p l a i n  the differences i n  recovery rate. I n  the ex t r aco rporea l  radia- 

t i o n  a, large nuniber of bylrlphoc y tes a r c  injured and presumably removed f ron 

the c i r c u l a t i o n  by the re t icu loendo the l i a l  sys tern. Thus the prod!ic ts of 

t h e  des t royed  lymphocytes may inf luence  t?;e c a p a c i t y  of the lymphopoietic 

organs t o  produce new lymphocytes. Perhaps t h e  products  of des truc t ion  oq 

large numbers of iyzuphocytcs over a short period of time c ~ Y s  as a " n e ~ a t l v e  

fkedback" for new cell production s l m i l s t  to the i nhfbitfon of new red c e l l  

p roduct ion  by hype r t r ans fus ion  of red cellsz2 o r  new p l a t e l e t  production by 

hypertra..nsfusion of plate1e4s.22 Nhen lywphocytes ore dra ined  from the body 

these ce l l s  are lo s t  and can  not i n h i b i t  new procluct9.on. Perftags the l o s s  

from the M y  wJ.thout feedback by products of destruct ion  removes a brake 

upon new cell prodtiction. T h i s  concept  i s  admittedly highly c o t ~ j c c t u r a l  but 

f o r  the sake of d i s c u s s i o n  one can  propose the  followfn~ hypo the t i cn l  schema 

f ~ r  remtbation of 1.ymphocyte product ion.  Normally, lymphocytes i n  1~.rg@ part 

presumably r ecyc le  from blood t o  1yapho23 Thus lymphocyte product ion  may be 

inf luenced  by the  presence of lymphocytes i n  t r a n s i t  through t h e  lymph nodes. 

If, in the course of lyinphocyte senescence,  their products  of d e s t r u c t i o n  within 

nodes acts as an inhibitory influence on !law product ion ,  the realoval of lympho- 

cytes  by external drainage should allow an acce l e ra t ed  p r d t t c t i o n  rats, I f  a 

large s u r p l u s  of " i n h i b i t o r y  n & t e r i a l W  were t o  be dumped i n t o  the  lgmghopoietic 

tissues by p e r i p h e r a l  r a d i a t i o n  injury 3f cello ard t he  rsubsequcat phagocytosfe 



an8 d e s t r u c t i o n  within lymphopoiet ic  tissues, one might o b t a i n  a depression 

i n  mw lymphocyte production. On the other hand, if lynyhocy tes are long l i v e d ,  

sf the o r d e r  of a s  low, 3s 100 d a y s  as the  l ~ b s l i n g  statdies i n  rats would in- 

d i c ~ r t e ~ ~ p ~ 5  and t h e r e  i s  a se t  p r o d ~ . ~ c t i o n  r a t e  without  any rnecl~anism f o r  itc 

creasing t h i s  r a t e  s i g n i f i c a n t l y  one would expec t  a slow recovery of the 

lymphocyte m R s s  which would probably be ~nn,nif  ested by a prolonged lyapllopeniao 

Admittedly t he se  ore h y p o t h e t i c a l  c o n s i d e r a t i o n s  t h a t  do riot ansier the  ques- 

t i o n s  a.t haul ,  However, we believe t h a t  t h i s  method of lymphocyte d e p l e t i o n  

by e x t r a c o r p o r e a l  irrncl.iaCion..of the  c i r c u l a t i n g  blood i n  c o r ~ b i n a t i o ~ i  w i th  

enumeration of the  oatf low of lymphocytes from the l p 6 j h o c y t i c  d u c t s ,  c y t d o g y  

of 1rynrpR nodes, D M  l a b e l i n g  techniques  w i l l  go f a r  i n  o b t a i n i n g  d i r e c t  ans- 

wers on t h e  f o l l swing  hiigortant questions: 

lo What is the magnitude of lymphocyte recycl i r tg  from blood t o  lymph? 

2, Mechanisms of r e g u l a t i n g  lymphocyte groduc t i o n ?  

3, Life span and p r s d u c t i o n  rates  of lympl~ocytes? 

4, Stem c e l l  c a p a b i l i t i e s  of lymphocytes? 

5 ,  Products  o f  d e s t r o c t i o n  of ly~llphocytes? 

SUPllWAY I 

1. A method for e x t r a c o r p o r e a l  irradiation of t h e  c i r c u l a t i n g  blood 

has been developed, 

2,  R x t r ~ c o r p o r e a l  i r r a d i a t i o n  of t he  blood w i l l  produce a lymphopenia 

promytlp which p e r s i s t s  f o r  weeks, 

3, Heparin i n  high doses i n  t h e  c a l f  produces a lyuigiiocytosis and 

neutreghilic leukocytosia .  



- .  

P i p r e  lo Photograph of calf with blood being prrmped through an extra- 

corporeal shunt. 

A, &ewd barrier betweenqanimal and x-ray machine. 

8, Reciprocating pump. 

C, Continuous injection apparatus for  hegari n. 

Do Water bath for  heating jacket of extracstgooeal shunto 
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Pigtire 4, affect of heparinizaf i on  and six hours of extracorporeal 

irradiation upon the neutropkfl and lymphocyte counf, 
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Figure 5 ,  Effect of heparinfzation and twelve h011rs of extracorporeal 

irradiation upon the circulating lymphocyte count and the 

count af ter  6 hours of i n .  v i t r o  incubation. 
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Figure 6 ,  Effect of heparinization and hours of extr~corgoreal irradia- 

tion upon the neutrophil counto 
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Figure 7 ,  Sffee$ of heyarinization a& 3 hours of axtrecorporeal brrrrdia- 

$ion upon the lmphocyte count promptly followed by the slow 

rate of recovery. 
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Pigure 8. BSfect of heparinizatjon and six hours of irradiation upon 

the lylnghocyte a.ml neutrophil count. Note prompt return 

to  normal values with the neuttophils and the slow recovery 

rate of the lymphocy~ea. 
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