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the discussions vdth Drs, Dougherty and White i n  Now Haven OIL Eonday, December 18th. 
Their main thesis is that the  adrwotqic hormone i s  one of the main regulators of 
t h e  lyqhat ie  system by mediation through the adrenal oortical hormone. They have 
>btained considerable evidence tha t  pure adrenotropfc Dormone injected h$o  a,&.als . 
causes at lea& transitory lyxnphopenia with a simultaneous reduction i n  the  amnuat 
of sud&mphU,ic material (lipttd) i n  the adrenal cortex and a gravimetric decrease 
5.n the amount of cholesterol i n  the  adrenals. They speak of the effect of adreno- 
tropic hormone on the adrenal cortex as %drenal firing'. 
method of testing for 'tadrenal firixg' i n  acute experimnbs (3 t o  6 hours) is the  
amount of sudanophilic material in the adremls. If adrenotropic hormone is g%ven 
i n  what they speak of as an intermittent continuous fashion, that is t o  say, once 
or twice da2.y for longer periods, s lynphopenj.& has been noted t o  persist i n  mild 
degree evev up t o  a yezra 
place t o  a mild lymghocytosis. 
regmeration 5n t h e  lymph nodes has gained the upper hand mer destruction. ~t 
this point  it may be mentjioned that they correlate the  ePfecti on the  peripheral 
blood d5rectlF with histologic changes as noted i n  the l p p h  nodes, These consist 
mbly of a deterioration of mmy of the lymphocytes indicated by pyknotic nucfsf 
a d  fragments of nuclei together u i t h  obviously degenera.tbg cells, In acute 
experiments t h i s  change is cqUic.;Ly follovml by an increase In young forms, the so- 
called rt:ticular lyinphocytes, as well as reticular cells, an increase which ia 
regarded as an imediate compensatory regeneration. 
t i on  can at times resulk i n  an actual. periphwal. lpilphocytosis. 
lpphopenia,  however, is characteristic and in most instances persists vdth con- 
tinued administretion of the homcme. fn addition ta the ly;ophope,gia, moderate 
early decreases i n  hemglobin and red blood cells have also been noted, 
and ;.ihite believe that these decreases are not due t o  hemdilution but rather t o  
increased erythrocyte destruction, as an evidence of vhich t h  
orythPophagoc,ytosis, 

The same sequence of events is produced by adro 
1ml.y a preprz t ion  of adrenal steroids 3x1 o i l  v&ic$ 
%'lie adyenotropic hormone is  cffect jue on ly  in curiimhs 

observed only h e n  adran 

They state th& the best 

In some instances tka lyrphopenia has been noted t o  @we 
This is regarded by them s3nply as an evidence that 

They believe that t h i s  regenera- 
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itg, . d y t h e r  from adrenotropic hordme or bdrcnal 
?$2& chztractcristic diminution ~n size of t h e  

d tsr  a ~ e f i z i ~ e c t o r ~  the ~ y i q h  nodes arid 
&,.,&wtthg adrenalcctoxobed rats do noh 1c3c bod7 

w, heart, 1 p p h  nodes) neax+l.y as yapidly as 
rencus hem vrera quite s t r iking.  Dougbor%y m d  

diffepence t s  b o b  ;t LLck of adrenal cortical horrr~ne 



t o  flpukhrr protein out of 
these anf.mls ca,noC get 
it possible t h a t  nmtein 
necrosis but the bnly evldence they haire obtained T elates 
actual deterioration has been obsorwod, 

lympKoc$es in a C h  

Histologic studies of the lymph nodes folloxing adrenotroFic ho 
cortical hormone ( steroed i n  oXl) repeals ftwt the deterioratio 
cytes as already noted. 
clean up tho pyknotic nuclei, 
before thjs stage is reaahod (vfde infra). 
injury show P mre deeply basophilic staining of the  cytoplasm an 
sane basophilic materials are seen i n  the phagocytes. 
is not knom, but the question ar ises  r?s t o  \&ether it is protein fnhich has become 
l o o s w s d  or relatively mre available brnd has beer? in part phagocyted. 
increases of protein vere noted in the blood serum af te r  injection of adrenotmpLc 
hornine, 
In 15 day experiments an increase of 6.0 t o  6052 gms%as noted, 
ascertained to be statisticrdly significant, 
bcrease was duo to beta and gamm globulin, particularly the latter. Lymphoid 
cell  extracts were then made and n s e l i u s  petterns studied, These revea3.ed the  
presence of 4 proteins, 2 of Bvhich were entirely different from any proteins en- 
caunxered i n  t he  serum; one was ident ical  with gamma globulin and the  other m y  
be beta globulin although this mas not provenc 

This is followed by the apearancc of 
It is k l i e v e d  that the protein 

The lymphocytes i n  

The natura of t h i s  substance 

Simif icant  

In mperiment8 1asiAng six hours the  increase Has frOm 6.0 t o  6.30 .gas. $ 
These chnges were 

Tfselius studies shoaed that the 
- 

Because of the known relation of antibodies t o  the globulin fraction, rabb&ta 
were immunized against sheep fed  blood cells. After six weeks, when hypesdmmun5za- 
t ion had been sohieved, adrenotropic hormone was given a d  a marked further rise 
v a s  observed. 
to zero over a period of time, admhistration o f  horAone was followed by a prompt 
and m k e d  r i s e  ofLen t o  the previous hyperf r~me levels, 
consti tutes an artificfal franamnesticn response. In much the  same i-y mice were 
-mized vdth sheep red blood cells a f t e r  which they developed high hemolysintitres 
in tho serum. The lymph nodes were then taken from these mico and e,ui.racts were 
mads of t h e  lymphoid tissue, 
On the basis of protein nitrogen this vias about 8 Limes t h s t  o f t h e  scrutn, that is 
t o  stly tha t  the t i t r e  of the  extract was actually twice tha t  of the serum but it 
only hcd one fourth as much nitrogen so that  a dilution factor of four could be 
presumed t o  have, entered In, For purposes o f  control extracts of s a l f v x y  gland 
and muscle from the same anip3.s €xid a zero t i t re ,  
b h  an excellent opportunity to find out vrhethar reticuloendothclial cells as com- 
pared a i t h  lymphocytes mre high i n  antibodg (globulin) 
achieved E>;T making similar extrzcts of the. liver after th 

In sinilar ar&ials in which the titre of antibody was allowed to fall 

This i n  other W O ~ S  

These were found t o  have a very high hemolysin t i t re ,  

In my opinion this would have 

Adninistratfon of 2OOr in r;?ico in t he  fcrm cf t o t a l  
to fire t he  adrenal but It also qffccted the  3.yfiipliati.c t i s  
adronalectomizcd mice entirely s io i laT clianps were noted 
hoiuwm, f a i l e d  t o  prodhae any histologic chmges or psriphe 
the adxmalcctomized ani? ut t h i s  E U M X ~ ~  of r a d i r t i c n  
histolot&xJ chc-wes and penfia in norind mice vrer a 

ecto&$sd J M U S O ~  although causing 
, is neverthelass associzted .&th a 
3h a simply adrenalsctonized mouse 

ence was believed to be due t o  e 
,ly of globtitin f r o m  t h e  lyrcpph nodes 



tcJhile in the foy.ner m’ce the direct effect of radistion tn the node vxis sufficient 
t o  l ibera te  this protein, 

“Adrenal was believed t o  be brought &bout i n  al3 i n s t  
less of tho initial  StiinuluS ( whether radiaticn, cold, fever, 
by tho adrenotropic hormne fron the anterior lobe of the pit 
*lies, of course, that souethi must stimul&,e the ladtor t 
trpp3.c hormone, The nature of th i s stimulus is unknoum, but t 
evzdonce that  epinephrine under certain circunstancw, &s for example, fever, insulin, 
cold, fear is the  responsible agent. 
a t imubtes  the pituitary, and since radiatjon m y  twporari3.y increase the blood 
histamine t’ie pos , ibU.ity exists that the chain of events may be p r i r q  elaboraLion 
of histamine x l t h  scconday stimulus to the anterior lobe, releme of adrenotropic 
hormone, and firing o f t h e  adrenal. All of this Doughertiy and Jhite saut t o  be 
wholely theoretical  lnsofar as radiation effect is concerned, The fact remains, 
according to than, tha t  there is not radiation effect ( ::lth lor)  in hypophysectolnilled 
animals in contrast to that  seen in normal mi..sls. 
speaking broadly, that  a nervous o r  chemical. stimulus derived f r o m  injured lrrad€ated 
cells first fires the hypophysis thus Libcratirq adrenotropic hormone which i n  turn 
stimulsted the adrenal cortcx to the Ifberation of cortical hormone, 

It is also known, howcvor, that histamine 

They are incuned t o  believe, 

As noted above, a s l i g h t  decline %n hemglobin and red COUS occurred in the 
acute experiments ivith adrenotropic hormone. 
sliEht pcrsist cnt polycythemia vias observed xhen adrenotropic homoze was given 
i n  an 5nbermittent ccntinuous*tfasliion. This is, of  course, of  eome interest in 
relation to the  fre::uenP; occurrence of polycythemia in cases of adrenal. cortical  
hyperactivit: such as Cuskingts syndrome. 1 

In chronic uxperhents i n  rats a 

The zccoqxmying c h a d  show the relationshf;rs xhich Doughkery and .;hit@ believe 
the anterior pituitary has t o  the lymphatic and r t iculoendothcUl s y s t ~ x s ~  
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Fmy the standpoht of the HetUmgLcaL Laboratory I should think it would 
be desirable t o  corzflrm or deny D0ughert.y and T'jhite's rosults using 10r i q ~  m i ~ e  
and rats d t h  respect t o  lpphopenia and changes i q  the lymph nodes, SZnce %his 
is admittedly 8 mUd or border-line dose i t  vrould seeq t o  me that the histologfc 
study should be carried out in a nuantitative fashioa. 
actual dlfforon$ial counts cf damgod and undamapd lymphocytes ougW to be made, 

By this I mean that 

Assuming that these results are confirmed it would appear that there me- 
several uppliccitions of possible importmce fromthe standpoint of the Hetallwgical 
Project. 
jects  to smL1 s-le doses of x-ray or other radiation t o  note whether sigaificaal; 
increases in antibody t i t r e  might apiJkar* More specifically one might in;munize 
a hman subject With typhoid vaccrine, theo, after stabilization of the antibody 
t i t r e  had been noted by serial study 1Or of totslbady radiation might be g i v e n  
folloi.jcd b;. f r equeh t  determination of titre of antibody in the cxireu3.atinG blood, 
b) The contant of ganana globulin of nocmal lyolphocyiies &ght be cornparad with that 
of tho lymphocytes of irradiated ind5vidud.s and au controls of those receiving 
cort ical  hormcne or adrenotrop3.c hormone, If such a study vere t o  be carried out 
it might be w e l l  first of a33 Lo study the Iyqhocybes froma patient with chronic 
lpphat lc  leukeinia in uvhech, because of the high count, a relatively large number 
would be availzble, 
necessary t o  detect and characterize any .globulin ;resent. For this study, Dr, 
Schwarte' method of isolatinl: lymphocytes f r o m  tho blood o w t  t o  be o f  the utmast 
value. 
a biological tes t  rdth adrenalectomized mice, According t o  Dougherty ani Aita  
this method h a  almady been used and is beLieved t o  be qdtesensttive. They state 
that Dr. Koch, director of bioc ,emical research at the Armour laboretories, Chioago, 
has had mare experience tdth this technique than a:wone else and thdshe believes 
i% t o  be very useful, Since it would not a p p a r  feasible t o  i n j ea t  urine or bloed 
serum dbect ly  i n to  adrcna1sa;omizod mice because of the dZlutxton factor, an 
cxhact ion and concentration would probably be neccs:ary, Dr. dhite stq;gested 
thzt a large mount of urine might be extmcted erith benzene which would remve 
a;U or' the cortieal hornone, 
benzene could be d i s t u e d  off .  
3x1 t he  sesame oil which could be injected i n to  the adrenalectomized mice. 
Fobable dif'f5culty here would be prescnca of concentrated i pmities which t70uXd 
be toxic, 
fmctionation or ckro,~atographic analysis could be carried out without too 
much CEfficulty. It I s  Ue3.y tha t  DP. Koch would be ~ b l o  t o  answer these 
questions o 

Same of these m y  be given as follows: a) t h e  reeponse of lamunized sub- 

This would permit $R Insight into the number of lymphocytes 

c) The assay of urine and/or blood serum for cortical hormone by means of 

Ailften. adtlit'on of a small amount of 8888me OS the 
?he cortical hormone r.rou3.d thenbe concenxated 

The 

If this method fa i led  ii; i8 qu i te  pOsc&ble thct some pre-ry 

. -..+---- the baiss of the exp,xi.ence he lw alrehdy h 

Sorre of Dougherty and .,lzita*s iJork has a b t d y  been 
a r e  as foLl0vJs: 

1) Dotqherty, T.F. &nd A, idbite, Influence of Hormones of L-vmphoid Tissue 
Struckwe aqd Function, tho role of the Fituibary Adrendtropic 
Hormone in-ths Regulation of t h e  L,ymphocytes and Other  Cellular 
B%$rnents of ----$ the good  d n d o c r i m b ~ y ,  35 T, i~u ,  

2) .b i te ,  A. and T.F, Dougherty, Influence of Pit~tary Adrenotropic 



. 

'. 

3) Dougherty, T.FeP A, ,JhhTte and J,H. Chase, p e  RelationsMp of the 

Tit e Proceedings, Society for  ikperimenixil Biology 
Effects  of Adrenal Cortical Secretion on Lymphoid !kLssue and 

and On Antib9 Medica, 5 28, 19Ue 

Ass- that  the early lymphopenia and histologic chan 
folloidng lor, can be confirmed, it might be w e l l  to"farm out! 
Llxperiments. 
Yhite who could dsrry them out, if need be, without further Informtion other t h a n  
that of our intemt i n  radiation effects. C, in the above, might be assigned to 
Dr, Koch, or at least he might be invited to make certain pi lot  studies sufficient 
t o  determine zhethor m o l e  elaborate ones ought  to be undertaken. 

For example a and b in the above could be ass 

I should like to W e  the fur ther  conanent that 3: em incUnod t o  accept Dougherty 
and ;'!hitets work i n  a gcnei-cl way, and that it probably constitutes a veiy import- 
ant edvmee in o w  knowledge of the f iner  mechanisms of adjustment for defense 
between lymph nodes and blood, 

Sincerely purs, 


