
4  STUDY OF ADDISON'S DISEASE.

An I n v e s t ig a t io n  o f  the Chemical P atho logy , 

D iagnosis and Treatment o f  Adrenal I n s u f f ic ie n c y .

•A Thesis f o r  the  Degree o f  Doctor o f  Medicine 

subm itted  by

A N D R E W  W I L S O N .

M.B.Ch.B. , P h .C .,  Ph.D#

L e c tu re r  in  Pharmacology and T h erap eu tics  in  

the  U n iv e rs i ty  o f  S h e f f ie ld .



ProQuest Number: 13849837

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 13849837

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



A STUDY 03? ADDISON'S DISEASE.

An I n v e s t ig a t io n  o f  the Chemical Patho logy , 

and Treatment o f  Adrenal I n s u f f ic ie n c y .

ACMOWLEDGEMENTS • page

IN TROBUC TION• page

PART ONE.

The E f f e c t  o f  Adrenalectomy on the 
Blood H istam ine o f  R abbits  page

PART TWO*

The I n v e s t ig a t io n  o f  Blood Histamine 
in  p a t i e n t s  w ith  Addison’ s D isease . page

PART THREE.

The D iagnosis  o f  Addison’ s D isease . page

PART POUR.

The Occurrence o f  o th e r  Endocrine
D iseases  in  A sso c ia tio n  w ith
Addison’ s D isease . page

PART FIVE.

The Treatment o f  Addison’ s D isease . page

SUMMARY and CONCLUSIONS. page

APPENDIX. Page

BIBLIOGRAPHY • Page

D iagnosis

2.
3.

12.

21.

41.

58.

70.

106.

109.

122.



AQKNOWLEDGEMTTS

I t  i s  a p le a su re  to  express my thanks to P ro fe s so r  

Gaddum fo r  the f a c i l i t i e s  which he g ran ted  me in  the 

Pharm acological L abora to ries ',  U n iv e rs i ty  of London, where the 

e a r l i e r  p a r t  of the experim ental work was undertaken  and fo r  h i  

encouragement in  these i n i t i a l  s ta g e s .

I am s p e c ia l ly  indebted to P ro fe sso r  Wayne fo r  

o p p o r tu n i t ie s  to undertake the c l i n i c a l  in v e s t ig a t io n  in  h is  

wards a t  the S h e f f ie ld  Royal In f irm a ry . I w ish to express my 

thanks a lso  to P ro fe s s o r  B arnes, Dr. A. Gurney Y a te s ,  Dr.

Robert P l a t t  and Dr. H.P. Brody fo r  access  to c l i n i c a l  m a te r ia l  

in  the S h e f f ie ld  Royal In firm ary ; to Dr. I .E .  Gumpert o f  

S h e f f i e ld  Royal H o s p i ta l ,  Dr. E .J.G .M ilne of  the 0 i t y  General 

H o s p i ta l  and to -Dr. P. Lee of York fo r  perm ission  to study 

c a se s  o f  Addison’ s d isease  under t h e i r  c a re .

I am indebted  to Dr. l .G .D . H erm itte fo r  p a th o lo g ic a l  

r e p o r t s .

Much o f  the in v e s t ig a t io n  was c a r r ie d  on under a i r  r a id  

c o n d i t io n s  as a r e su l t -  of which the departm enta l la b o r a to r ie s  , 

were twice put out o f  a c t io n .  I  am th e re fo re  s p e c ia l ly  

indeb ted  to Mr. B. S a lv in  fo r  h is  te c h n ic a l  a s s is ta n c e  w ithout 

which i t  would have been im possible to continue the work*

Messrs. Organon L ab o ra to r ie s  very  k in d ly  supp lied  

generous samples of TT0 o r t in n and "D.O.G.A. •



I  I  U  0 D U G I  I  0 H

3

ADDISOH*S DISEASE.

In  1855 Thomas Addison published  h i s  monograph "On the 

C o n s t i tu t io n a l  and Local E f fe c ts  o f  D isease of the S upra- 

Renal C apsules” .

Though some doubt was expressed  concerning the 

s ig n i f ic a n c e  o f  d isease  of the su p ra re n a l  g lands in  s e v e ra l  o f  

the e leven  cases  d esc r ib ed  by Addison (Wilks (1862), Habershon 

(1864), Greenhow (1866)) ,  the work n e v e r th e le s s  s t im u la ted  

experim en ta l r e s e a rc h  and f a r th e r  c l i n i c a l  o b se rv a tio n s .

Addison undoubtedly r e a l i s e d  th a t  he had only touched the f r in g e  

o f  the  su b je c t  fo r  he expressed the hope t h a t ”by a t t r a c t i n g  the 

a t t e n t i o n  and e n l i s t i n g  the co -o p e ra t io n  o f  the p ro fe s s io n  a t  

l a r g e ,  they  ( the  f a c t s )  may lead  to  the su b je c t  being p ro p e r ly  

examined and s i f t e d ,  and the enqu iry  so extended as to  su g g e s t ,  

a t  l e a s t ,  some i n t e r e s t i n g  p h y s io lo g ic a l  s p e c u la t io n s ,  i f  no t 

s t i l l  more p r a c t i c a l  in d ic a t io n s^

In  d e sc r ib in g  the cases re p o r te d  by Addison and by 

o th e r s ,  T rousseau(1856) f i r s t  used the term Addison’ s d ise ase  

and in  1869 the more e la b o ra te  i f  academic t i t l e  o f  ”Morbus 

A dd ison i, idem V alent O u tis  a e re a ,  melasma A ddisoni” appeared 

in  the f i r s t  e d i t io n  o f  the ’’Uomenclature of D ise a se snpub lished  

by th e  Royal Q oliege of P h y s ic ian s  o f  London.

GLIRIOAL MMIEESTATIOHB.

In  h i s  o r ig in a l  communication Addison(1855) d esc r ib ed  

the d ise a se  as  c h a ra c te r i s e d  by ”Anaemia, g e n e ra l  languor or
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d e b i l i t y ,  rem arkable feeb len ess  of the h e a r t* s  a c t io n ,  

i r r i t a b i l i t y  o f  the stomach, and a p e c u l ia r  change of co lo u r  

in  the  s k in . ”

While the d isease  may a r i s e  suddenly , the onset i s  as 

a r u le  very  gradual# The usua l h i s to r y  i s  o f  a s th e n ia  and 

a n o re x ia ,  w ith  or w ithout r e s t l e s s n e s s  and depression# Most 

p a t i e n t s  r e p o r t  h y p e r s e n s i t iv i ty  to co ld . This stage may be 

d esc r ib ed  as  the l a t e n t  phase fo r  very o f ten  no s igns  accompany 

th ese  symptoms and the d iag n o s is  i s  d i f f i c u l t  to  e s t a b l i s h  

w ith o u t s p e c ia l  b iochem ical in v e s t ig a t io n s .

As the d isease  p ro g resses  ty p ic a l  g a s t r o - i n t e s t i n a l  

and c e r e b ra l  d is tu rb a n ce s  develop. The former are  c h a ra c te r i s e d  

by a n o re x ia ,  nausea and vom iting or d ia r rh o e a ;  th e re  i s  u s u a l ly  

some com plain t o f  abdominal p a in  or lumbar ten d ern ess  and lo s s  

o f  w eig h t.  The c h ie f  c e re b ra l  m a n ife s ta t io n s  a re  f a in tn e s s ,  

insom nia, d e p re s s io n ,  yawning, hiccough and photophobia . The 

c h i e f  s ig n s  are  p igm enta tion  o f  the  sk in  and mucous membranes, 

low blood p r e s s u re ,  weak r a p id  pu lse  and f a i n t  h e a r t  sounds.

The s tage  o f  acu te  ad ren a l in s u f f ic ie n c y  or c r i s i s  may 

a r i s e  suddenly  in  a p a t i e n t  a lre a d y  known to have Addison* s 

d i s e a s e ,  or i t  may h e ra ld  the d isease  f o r  the f i r s t  tim e.

The c r i s i s  i s  c h a ra c te r i s e d  by acu te  a t t a c k s  of vom iting or 

d ia r r h o e a ,  h iccough, abdominal pa in  so severe as to  s im ulate  

an acu te  abdomen. G enera lised  muscle trem ors and convulsions 

a re  common and the blood p re ssu re  may be so reduced th a t  i t  may 

no t be p o s s ib le  to  reco rd  i t .  I f  the p a t i e n t  i s  no t promptly 

t r e a t e d  he w i l l  pass in to  coma and dea th  w i l l  ensue w ith in
• i

12 h o u rs .



5 .

PATHOLOGY,

T i l l  1930 tu b e rc u lo s is  o f  the a d re n a l  g lands was 

co n s id e red  to  be re sp o n s ib le  fo r  80 -  90$ o f  the cases o f  

Addison1s d ise ase  (S n e ll  (1934)), A nalysis  of the more 

r e c e n t  post'-mortem r e p o r t s  in d ic a te  th a t  in  57$ o f  the cases  

a trophy  o f  the  su p ra ren a ls  was found (Wells (1930)) , Cragg (1940)). 

The cause o f  the a trophy  i s  not a t  p re se n t  known. In  c o n t ra s t  

w ith  tu b e r c u lo s i s ,  the a trophy  begins in  the c o r te x  and 

com presses the m edulla . I t  i s  p o ss ib le  th a t  some o f  these 

ca ses  may fo llow  prim ary atrophy  o f  the a n t e r io r  lobe o f  the 

p i t u i t a r y  g lan d . Haemorrhagic i n f a r c t i o n ,  tumours and 

s y p h i l i s  o f  the s u p ra - re n a ls  have been re p o r te d ;  e x c e l le n t  

resumes o f  the  h is to -p a th o lo g y  o f  Addison1s d isease  have been 

p u b lish ed  by Barker (19&9)faul (1931)and H a l l  and Heinken (1936).

CHEMICAL PATHOLOGY. *

Many a ttem p ts  have been made to  c o r r e l a t e  the c l i n i c a l  

m a n ife s ta t io n s  o f  Addison1s d isease  w ith  p h y s ic a l  and chemical 

a l t e r a t i o n s  in  the body f l u i d s .  E x tensive  in v e s t ig a t io n s  o f  a 

s im i la r  n a tu re  have been c a r r i e d  out on adrena lec tom ised  an im als , 

A d d is o n s  d is e a se  has never been com pletely  reproduced in  

experim en ta l anim als fo r  when the su p ra ren a l g lands a re  removed 

the anim als do no t become pigmented. Moreover i t  i s  p o ss ib le  

to  m a in ta in  these  animals in  p e r f e c t  h e a l th  over an in d e f in i t e  

p e r io d  by s u i t a b le  replacem ent th e rap y . This cannot be sa id  of 

p a t i e n t s  w ith  Addison1s d isease  fo r  in  s p i t e  o f  the b es t  

trea tm en t a v a i l a b l e ,  they  s t i l l  remain pigmented and do no t 

r e g a in  t h e i r  normal stamina and f u l l  p h y s ica l  s t r e n g th .



N ev e r th e le s s  very  va luab le  in fo rm ation  has been gained from 

i n i t i a l  s tu d ie s  on an im als , which has been s u b s ta n t ia te d  l a t e r  

by c l i n i c a l  o b se rv a tio n . The c h ie f  d i r e c t io n  in  which the 

in v e s t ig a t io n  o f  ad rena l in s u f f ic ie n c y  has been pursued has 

c e n tred  on th e  study of r e n a l ,  ca rbohydrate  and e l e c t r o ly t e  

metabolism .

Renal M etabolism.

From t h e i r  work on adrenalec tom ised  anim als H arrison  and 

Harrow (1938) suggested th a t  an a l t e r a t i o n  in  r e n a l  fu n c tio n  

would account fo r  the decreased  u rea  c le a ra n c e ,  in c reased  sodium 

e x c re t io n  and r e t e n t io n  of po tassium , u rea  and phosphate in  the 

b lood . To a c e r t a in  ex ten t t h i s  i s  confirmed by the r e s u l t s  

o f  W illson  and Sunderman (1939) on p a t i e n t s  w ith  Addison1s 

d is e a s e .  While th e re  i s  no doubt th a t  th e re  i s  some 

d is tu rb a n c e  o f  r e n a l  fu n c tio n  in  both experim enta l and c l i n i c a l  

a d re n a l  in s u f f i c i e n c y ,  the in d ic a t io n s  are  th a t  i t  r e p re s e n ts  

only  the r e n a l  e f f e c t s  of some more profound changes w ith in  the 

body as  a whole. No h i s t o lo g ic a l  changes in  the kidney have 

y e t  been observed in  e i t h e r  experim ental animals or in  p a t i e n t s  

w ith  Addison* s disease* Gersh and Grollman(1939). and Swingle 

(1938) have shown th a t  the r e n a l  fu n c tio n  i s  l a rg e ly  r e s to r e d  

by the  a d m in is t r a t io n  o f  ad ren a l c o r t i c a l  compounds. This 

c o n c lu s io n  i s  supported  by the  c r e a t in in e  c lea ran c e  s tu d ie s  

made by M arg ita ry  -Becht and Gomori (1938). Whether the 

e x t r a - r e n a l  cause i s  due to a l t e r a t i o n  in  blood c o n c e n tra t io n  

and r e n a l  blood flow as  suggested  by Stab?., Kullman and Urban 

(1938) rem ains to be confirm ed.



Carbohydrate Metabolism.

Many s tu d ie s  have .been made of carbohydrate  metabolism in  

ad rena lec tom ised  animals and the r e s u l t s  in d ic a te  th a t  a low 

blood sugar and dim inished l i v e r  and muscle glycogen s to rage  are 

c h a r a c t e r i s t i c  (B r i t to n  and S i lv e t t e  (1932); Long, Kazin and 

Fry (1940); K endall (1940)). f h i s  derangement o f  carbohydrate  

m etabolism  i s  c h ie f ly  brought about by a decrease in  the r a t e  

of fo rm ation  of dex trose  from endogenous p ro te in  and by an 

impairment in  the sy n th e s is  of d ex tro se .  (B u e ll ,  Anderson and 

S t ra u s s  (1936)) . I t  i s  noteworthy th a t  a normal carbohydrate  

metaQolism i s  r e s to r e d  when the anim als are  in je c te d  w ith  e i t h e r  

c o r t i c a l  e x t r a c t  or c e r t a i n  s te ro id  hormones.

Porges (1909) was the f i r s t  to  draw a t t e n t io n  to  the 

low blood sugar le v e l  in  A ddison 's  d isease  but accord ing  to  some 

r e p o r t s  t h i s  i s  by no means a co n s tan t f a c t o r .  In  a re c e n t  

a n a ly s i s  o f  a  la rg e  s e r i e s  o f  cases  K epler and W ilder (1938) 

have shown th a t  the  blood sugar le v e l  i s  u s u a l ly  w ith in  normal- 

l i m i t s  and i s  only o c c a s io n a lly  subnormal* Crooke and R u sse ll t l9 3 5  1 

examined a number of p i t u i t a r y  g lands from ca ses  o f  Addison’ s 

d ise a se  and re p o r te d  th a t  the  number of basoph il c e l l s  in  the 

a n t e r io r  lobe was. g r e a t ly  reduced; they suggested  th a t  t h i s  

c y to lo g io a l  abnorm ality  was an im portant f a c to r  in  the 

d is tu rb a n c e  o f  carbohydrate  metabolism. This conc lu s ion  cannot 

be w holly  su s ta in e d  as Hhind and Wilson (1941) have shown th a t  

where d ia b e te s  m e l l i tu s  i s  a s so c ia te d  w ith  Addison’ s d i s e a s e ,  

th e re  i s  s t i l l  a  decrease  in  the basoph il c e l l s  of the a n t e r i o r  

p i t u i t a r y  g lan d . At p re se n t  i t  i s  a m a tte r  o f  co n jec tu re  whether



the d is tu rb a n c e  in  carbohydrate  metabolism i s  d i r e c t l y  a t t r i b u t a b l e  j 

to  the a d re n a l  co r te x  o r  to the a n t e r io r  p i t u i t a r y  gland*

E le c t r o ly te  and Water Metabolism*

The ex p erim en ta l work o f  Loeb(1932) which followed th a t  of 

Baumann and Kurland( 1927 ) and o f  Marine and Baumann(19£7 ) has 

been concerned w ith  the  study o f  the weakness, dehydra tion  and 

hypo tension  which occurs in  adrenalec tom ised  an im als . He found 

th a t  in  th e se  an im als th e re  i s  an in c re ase  in  blood c o n c e n tra t io n ,  j

a d ec rease  in  serum ch lo r id e  and b ic a rb o n a te ,  and an ap p rec iab le  I

and co n s ta n t  low le v e l  o f  serum sodium. The ou tpu t o f  sodium in  

the  u r in e  was s u f f i c i e n t l y  inc reased  to in d ic a te  not only a lo ss  of 

sodium from the blood but a lso  from the i n t e r s t i t i a l  f l u i d .  

H arrop(1933) confirmed these  f in d in g s  and showed th a t  th e re  was 

a lso  an in c re a se  in  serum potassium .

The s tag e  of  acu te  ad rena l in s u f f ic ie n c y  o r  c r i s i s  in  

p a t i e n t s  w ith  Addison’ s d isease  i s  c h a ra c te r i s e d  by a sh o ck -lik e  

s t a t e  which i s  a s s o c ia te d  w ith  a lo s s  in  blood volume, d i u r e s i s ,  

and an in c re ase d  ou tpu t o f  sodium in  the u r in e .  ^s  he found i t  

d i f f i c u l t  to a t t r i b u t e  the p e r ip h e ra l  c i r c u la to r y  c o l la p se  e n t i r e ly  

to  a lo s s  of  f l u id ,  Loeb(1936) suggested  th a t  the p ro d u c tio n  o f  shock 

was due to  some in te r f e r e n c e  w ith  the c o n t ro l  o f  the  v a s c u la r  bed. 

Swingle and co -w orkers(1938 ) cons idered  the p ic tu re  to  be very 

s im i la r  to  the  c o l la p se  produced by h is tam ine  and concluded th a t  

the  mechanism o f  shock was due to  lo s s  o f  c a p i l l a r y  to n e .  They 

co n s id e red  th a t  the b e n e f i c ia l  e f f e c t s  brought about by trea tm en t 

w ith  c o r t i c a l  e x t r a c t s  were due to  r e s t o r a t i o n  o f  c a p i l l a r y  to n e .



The r e c e n t  work o f  Menkin (1940) supports  t h i s  co nc lu s ion  fo r  

he showed th a t  e x t r a c t  of ad rena l c o r te x  i n h ib i t s  the 

d i l a t a t i o n  o f  c a p i l l a r i e s  which fo llow s the subcutaneous 

in j e c t i o n  o f  leuko tox in  and t i s s u e  exudates .

The h y p o th es is  th a t  the symptoms of Addison’ s d isease  

a re  due to  toxaemia has been advanced on v a r io u s  occasions s ince  

Brown-&dquard (1856) described  h is  experim ents. He h e ld  the 

view th a t  when the ad rena l g lands are  removed the blood becomes 

to x ic .  Abelous and Langelois (189£) considered  th a t  a substance 

s im i la r  to  cu ra re  i s  produced in  the muscles and i s  norm ally  

d es tro y ed  by the ad ren a l g lands; in  the absence o f  any ad ren a l 

c o r te x  the substance i s  f re e  to ac t  and produces the p ic tu re  

seen  in  ad re n a l  in s u f f ic ie n c y .  S h o r t ly  a f te rw ard s  l y e r s f  1898 ) 

showed th a t  by incuba ting  cobra poison w ith  an emulsion o f  

gu inea  p ig  ad ren a l  c o r te x ,  the cobra venom became in a c t iv a te d  

and no lo n g e r  produced i t s  c h a r a c t e r i s t i c  to x ic  e f f e c t s ;  work 

o f  a s im i l a r  n a tu re  has been described  more r e c e n t ly  by P e r la  

and Marmorston (1933). S ince cobra venom l i b e r a t e s  la rg e  

amounts o f  h is tam ine from the lung (Feldberg and Kellaway (1939)) 

t h i s  i s  p robab ly  the mechanism o f  the to x ic  a c t io n  o f  the venom. 

Hot on ly  a re  adrena lec tom ised  animals more s e n s i t iv e  to cobra  

venom and to  h is tam ine  (Lewis (19£3), P e r la  and Hosen (I9 3 5 ))b u t 

i t  has a l s o  bean shown by Rose, Earady and Browhe (1940) th a t  

th e re  i s  an  accum ulation o f  h istam ine in  the t i s s u e s  o f  

ad rena lec tom ised  anim als and th a t  the h is tam inase  a c t i v i t y  o f  the 

lung i s  dec reased . The l a t t e r  workers have observed th a t  in



such anim als the a b i l i t y  to in a c t iv a te  h istam ine as w e ll  as  the 

h is tam in ase  a c t i v i t y  of the lungs are  r e s to r e d  to normal by the 

ad r ii in is tra t  ion of ad rena l co r tex  e x t r a c t s .

I t  i s  p o s s ib le ,  th e re fo re ,  th a t  h is tam ine may p lay  an 

im portan t r o le  in  the pathology o f  ad rena l in s u f f ic ie n c y  and 

th a t  the hormones o f  the adrena l c o r te x  perform some s p e c i f i c  

a n t i -h i s ta m in e  fu n c tio n .

SCOPE OF THE PRESENT INVESTIQATIOH.

The work about to be described  i s  an account o f  the 

in v e s t ig a t io n s  made by the au thor  in to  the chemical pa tho logy , 

d ia g n o s is  and trea tm en t o f  Addison’ s d is e a s e .

The f i r s t  p a r t  d esc r ib es  the experim enta l in v e s t ig a t io n  

o f  the r o le  of h is tam ine in  the blood o f  adrenalectom ised  

anim als and the e f f e c t  o f  e x t ra c t  of a d re n a l  c o r te x  on the 

blood h is tam in e  le v e l  o f  these anim als.

The second p a r t  i s  concerned w ith  the in v e s t ig a t io n  of 

p a t i e n t s  w ith  Addison’ s d isease  w ith  p a r t i c u l a r  re fe re n c e  to the 

d i s t r i b u t i o n  o f  h is tam ine in  the plasma and blood c e l l s  o f  these 

p a t i e n t s .  An attem pt i s  made to c o r r e l a t e  these f in d in g s  w ith  

the hypo tension  and c l i n i c a l  co n d i tio n  of the p a t i e n t s .

The d ia g n o s is  o f  Addison’ s d isease  i s  d iscu ssed  in  the 

t h i r d  p a r t  and a d e s c r ip t io n  i s  g iven o f  the v a r io u s  methods o f

a s s e s s in g  ad ren a l in s u f f ic ie n c y .

The fo u r th  p a r t  concerns the occurrence of o th e r  

endocrine d is e a s e s  in  a s s o c ia t io n  w ith  Addison’ s d is e a s e .

A r a r e  case  o f  A ddison 's  d isease  a s so c ia te d  w ith  d ia b e te s



m e l l i t u s  i s  d esc r ib ed .

The trea tm en t o f  Addison*s d isease  i s  d esc r ib ed  in  

the f i f t h  p a r t  and an account i s  given o f  some o b se rv a tio n s  on 

the e f f i c a c y  o f  desoxycorticosterone  a c e ta te .

C onclusions and Summary are  followed by an Appendix 

c o n ta in in g  d e t a i l s  of some of the methods and d i e t s  employed 

in  the in v e s t ig a t io n s .
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P A 8 I  O N E .

THE EFFECT OF ADRENALEC TOMY ON THE BLOOD 

HIS M IN E  OF RABBITS.
I



THE EFFECT OF APRENALEGTOMY OH THE BLOOD HISTAMINE

OF RABBITS,

IN TRODUQ TIQN .

In  1912 Bale and Laidlaw f i r s t  demonstrated the s e n s i t i v i t y  

of anim als to  in je c t io n s  of h is tam ine . E ight y ea rs  l a t e r  Bale 

(1920) pursued h i s  e a r l i e r  s tu d ie s  by showing th a t  the 

ad rena lec tom ised  c a t  was extremely s e n s i t iv e  to h is tam in e , but 

recogn ised  th a t  i t  was impossible by h i s  experi^mnts to  determine 

whether the decreased  r e s is ta n c e  to histam ine was due to absence 

of  the m edulla or of the c o r te x .

Working w ith  perfused  organs Bale -and R ic h a rd s (1918) 

suggested  th a t  one fu n c tio n  of a d re n a lin  might be to m ain ta in  the 

tone o f  the c a p i l l a r i e s  fo r  such tone might depend on the * 

r e l a t i v e  amounts of  h istam ine and a d re n a l in  p r e s e n t .  Kellaway 

and C ow ell(1922) developed th i s  theory  o f  antagonism between 

a d re n a l in  and h is tam ine by showing th a t  h is tam ine  in je c te d  in to  

p a r t i a l l y  and com pletely  adrenalec tom ised  c a t s  causes, an 

a c c e le r a t io n  o f  s e c re t io n  from the medulla o f  the ad ren a l g lands. 

They f u r th e r  observed th a t  while haem o-concentration  i s  a fe a tu re  

o f  ad rena lec tom ised  c a t s  and of normal c a t s  in je c te d  w ith  h is tam in e , 

the re  was no d i r e c t  evidence th a t  the blood c o n c e n tra t io n  in  

a d re n a l  in s u f f ic ie n c y  i s  due to h is tam in e , as lo s s  of c o r te x  alone 

produces t h i s  'condition* ' P e r la  and G-ottesman(1929) regarded  the 

p r o te c t iv e  a c t io n  o f  a d re n a l in  a g a in s t  the damage caused by 

in o c u la t io n  o f  h is tam ine as a hormonal e f f e c t  and not e n t i r e l y  

dependent on the pharm acological a n ta g o n is t ic  action- o f  a d re n a l in
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to h is ta m in e .  They showed th a t  the s e n s i t i v i t y  o f  adrenalec tom ised  

animals to  h is tam ine  can be lessened’ i f  a d ren a lin  i s  a d m in is te red , 

but t h i s  o b ta in s  only i f  ad ren a lin  has been adm in is tered  re p e a te d ly  

for some time before the in je c t io n  o f  h is tam ine . Experimenting on 

r a t s  Wyman(193§) claimed th a t  the decreased r e s i s ta n c e  to h istam ine  
was due to removal o f  the medulla.

On the o th e r  hand Ingle{19^7) s t re s se d  the importance of 

ad rena l c o r te x  in  m ain ta in ing  normal r e s is ta n c e  to in j e c t io n s  of  

h istam ine ana po in ted  out th a t  while removal o f  the medulla alone 

lowered r e s i s t a n c e  to h is tam ine , a much lower r e s i s ta n c e  r e s u l t e d  

from complete e x t i r p a t io n  of the ad rena l g lands . He f u r th e r  

observed th a t  a d re n a l in  increased  the r e s i s ta n c e  o f  r a t s  in  which 

the m edulla had oeen destroyed but th a t  c o r t i c a l  e x t r a c t  d id  not 

have a s im i l a r  e f f e c t .  S c o t t  (1928) considered  th a t  the inc reased

s u s c e p t i b i l i t y  to histam ine was due to lack  of  c o r t i c a l  t i s s u e  and

suggested  t h i s  as  a b a s is  fo r  the assay  of c o r t i c a l  e x t r a c t .  Such

an assay  was l a t e r  suggested by P e r la  and G-otiesman(1931).

Rose and Rrowhe (1938) in je c te d  h istam ine in trav e n o u s ly  in to

normal and adrenalec tom ised  r a t s  ana showed th a t  the r a t e  of 

d isappearance  from the blood was much slower in  the adrena lec tom ised  

an im als .
As no study appeared to have been made of the e f f e c t  o f  the 

ad ren a l c o r te x  on the blood h istsm ine l e v e l  o f  an im als , i t  seemed 

im portant to  determine whether h istam ine could  be formed in  the 

absence o f  the ad rena l c o r te x .  A ll  the p rev ious workers had 

in je c te d  h is tam in e  in to  the anim als. I t  was fu rthe r1 co n s id e red  

d e s i ra b le  to a s c e r t a in  what in f lu e n c e ,  i f  any, c o r t i c a l  e x t r a c t  has 

on the blood h istam ine le v e l  o f  adrenalec tom ised  an im als.
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In  des ign ing  t h i s  in v e s t ig a t io n  i t  was decided to s tudy  the 

e f f e c t  o f  adrenalectom y on the whole blood o f  the r a b b i t .  Rabbit 

blood i s  r e l a t i v e l y  r i c h  in  h istam ine so th a t  sm all Q u a n ti t ie s  

s u f f i c e  fo r  h is tam ine  a ssay . This i s  of co ns iderab le  importance 

where blood has to be withdrawn a t  i n t e r v a l s  from an ad rena lec tom ised  

anim al. There are  te c h n ic a l  d i f f i c u l t i e s  a s so c ia te d  w ith  the 

s e p a ra t io n  o f  plasma in  r a b b i t  blood and i t  was decided th a t  

h is tam ine v a lu e s  o f  plasma should not be attem pted  in. t h i s  s tu d y .

METHODS♦

Male r a b b i t s  3-4 months old were used in  a l l  the 

experim en ts . The a n a e s th e t ic  was e th e r  and a n a e s th e s ia  was slowly 

induced u s in g  a gauze covered wire n e t co n ic a l  mask. Adrenalectomy 

was performed in  a one-stage  o p era t io n  d e t a i l s  of which are  

d esc r ib ed  in  Appendix(page 110). Immediately a f t e r  the o p e ra t io n  

the anim als were given 3 .5  c . c .  5$ sodium ch lo r id e  in trav e n o u s ly  and 

1 c . e .  c o r t i c a l  e x t ra c t  subcu taneously . The r a b b i t s  were 

m ain ta ined  fo r  2 days a f t e r  o p e ra t io n  on a d ie t  of cabbage, o a ts  

and bran  w ith  2-3 c . e .  c o r t i c a l  e x t ra c t  subcutaneously  d a i ly .  The 

o o r t i c a l  e x t r a c t  used was wG o rtin  Organon” , 1 c . c .  e x t r a c t  

eq u iv a le n t  to  50 gm. f re s h  su p ra ren a l  g land .

Samples o f  blood (2 -  2.5 c . c . )  were taken  by c a rd io -  

punctu re  from the l e f t  s id e  o f  the h e a r t .  No a n t ic o a g u la n t  was 

u s e d ; whole blood was immediately e x tra c te d  by the method o f  

Anrep, Barstoum, T alaa t and Weininger (1939). The h is tam ine was 

assayed on the i s o l a t e d  gut o f  the gu in ea-p ig  accord ing  to  C ode 's  

(1937 ) m o d if ic a t io n  o f  the method of Barsoum and Gaddum.

The a r te r ia l blood pressure in  the ear v e s s e ls  was 

determined by the capsule o f  Grant and R othschild  (1934). The
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r a b b i t s  were kept a t  r e s t  in  q u ie t  and warm surroundings before 

each d e te rm in a t io n  o f  blood p ressu re  and the mean of 10 ev a lu a t io n s  

was taken#

RESULTS.

I# The e f f e o t  o f  adrenalectomy on the blood h is tam in e .

Twelve hours a f t e r  w ithdrawal of c o r t i c a l  e x t r a c t  a l l  the 

b a b b i ts  showed s ig n s  o f  a d r e n a l •in s u f f ic ie n c y , in d ic a te d  by t h i r s t ,  

an o re x ia ,  weakness and d ia r rh o e a .  C ontro l anim als which were 

su b jec ted  to s im i la r  op e ra t iv e  techn ique , but w ithout removal o f  

the su p ra re n a l  g la n d s ,  were g i t e n  the same tre a tm e n t .  The blood 

p re ssu re  re c o rd in g  showed co n s id e rab le  v a r i a t io n  (Table I )  but in  

each case the blood p ressu re  f e l l  a f t e r  adrenalectom y, and the 

h is tam ine  c o n te n t  o f  the blood was r a i s e d .

TABLE I .  The e f f e c t  o f  adrenalectomy on the blood h istam ine

and blood p ressu re  ( r a b b i t ) .
r Blood h is tam in e . Blood, p ressu re

( u g . / c c . ) (mm. /H§ r1
Before A fte r cjo D i f f  Before A fte r

Animal a d re n a l - a d re n a l- erence. a d re n a l a d re n a l
Ho. ectomy. , ectomy. ectomy. ectomy.

41 4 .6 16.7 £63 76-78 70-72
51 4 .7 6.£ 32 82-84 70-74

'501 5.0 6.4 £8 64 45
: £31 1.9 £ .3 £1 66-68 46-48

£51 0 .9 £.£ 145 82-84 16-20
, 401 £.7 11.5 326 —
C o n tro ls Before A f te r 3efore A fte r

o p e ra t io n  o p e ra t io n o p e ra t io n o p e ra t io n

483 3 .3 £ .9 -  1£ 68.-70 68-70
493 £.9 £ .5 -  14 70 68
473 3 .8 3 .8 — 70 70
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I I .  The a f f e c t  o f  c o r t i c a l  e x t ra c t  on the blood 
h is tam ine  le v e l  o f  adrenalectomised. r a b b i t s .

The e f f e c t  o f  c o r t i c a l  e x t ra c t  was observed on s ix  r a b b i t s

which had been ad rena lec tom ised , and had rece ived  no c o r t i c a l

e x t r a c t  fo r  a t  l e a s t  12 h r s .  Blood was withdrawn a t  the in t e r v a l s

s p e c i f ie d  in  Table I I .  1 c . c .  c o r t i c a l  e x t ra c t  was g iven

subcu taneously  immediately a f t e r  tak ing  zero-hour samples o f  blood.

The le v e l  o f  blood h is tam ine  was lowered w ith in  1 h r .  in  a l l  cases

except in  animal 25. The d u ra tio n  o f  f a l l  v a r ie d ,  in  the

o b se rv a tio n s  made, from 3 to 24 h r .  The histam ine l e v e l  a t  death

was in c re a se d  in  four an im als , while in  animal 05 th e re  was a

marked d e c re a s e ,  though the animal d ied  in  ty p ic a l  co n v u ls io n s .

Animal 52 remained a l iv e  fo r  7 days, but a t  autopsy no accesso ry

glands were ap p a re n t .  The e f f e c t  of c o r t i c a l  e x t r a c t  on the blood

p re ssu re  v a r ie d  c o n s id e rab ly . In  a l l  animals the re  was an in c rease
4

in  blood p re ssu re  a f t e r  c o r t i c a l  e x t ra c t  had been g iven , but in  no 

animal d id  the blood p ressu re  a t t a i n  the value recorded  before 

adrenalec tom y.

TABLE I I .  The e f f e c t  o f  c o r t i c a l  e x t ra c t  on the blood h istam ine 
: 7 l e v e l  o f  adrenalec tom ised  r a b b i t s .

Time(hr. ) 
Animal Ho.

0 1 3 . 
Blood

5 8 12 15 
h istam ine ( u g . / c o . )

24 Death

52 6.2 3 .4 - 4.5 5 .9

23 2.3 1.4 - 1.6 4 .3

25 2.2 2.3 - 2.7 4 .5

. 03 6.0 - 4 .3 6.9 6 .1

05 8 .6 - 6.5i I

00.U0 , 4 .2

06 3 .4 3 .0
!
i "" s

•

CO . 00 4 .1



A f u r th e r  s e r i e s  o f  experiments was made to determine whether 

c o r t i c a l  e x t r a c t  could p revent a r i s e  in  blood histam ine i f  given 

imm ediately a f t e r  adrenalectom y. Five r a b b i t s  immediately a f t e r  

.adrenalectom y were g iven 3.5 c . c .  5ft s a l in e  in tra v e n o u s ly ,  and 1 c . c .  

c o r t i c a l  e x t r a c t  subcutaneously . Blood was withdrawn 6 h r .  a f t e r  

com pleting the o p e ra t io n .  This period  was considered  s u f f i c i e n t  to 

allow  the anim als to recover  from the a n a e s th e t ic .  The blood 

h is tam ine in  a l l  anim als which had rece iv ed  c o r t i c a l  e x t r a c t  a f t e r  

adrenalectom y was decreased  6 h r .  a f t e r  adrenalectomy (Table I I I ) .

TABUS I I I .  The e f f e c t  o f  c o r t i c a l  e x t r a c t  on blood h is tam ine 
# 6 h r .  a f t e r  adrenalectom y.

Blood histam ine ( u g . / c c ) .

Animal No.
Before 

o p e ra t io n .
A fte r

o p e ra t io n .
$ D iffe rence

38 4.30 2.3 -46.5

39 . 2.90 1.8 -37 .9

41 2*23 1.7 -23.8

42 1.65 1.6 -  3.0

44 1.60 1.3 -18.8

DISCUSSION.

Much a t t e n t i o n  has been paid  to the p ro te c t iv e  mechanism 

a g a in s t  the a c t io n  of h is tam in e . The in a c t iv a t io n  of h is tam ine 

by the emzyme h is tam inase  has been s tu d ied  by Best and McHenry(1930 ) 

and o th e r s .  On the o th e r  hand, Anrep, Baxsoum and T a la a t (1936 ), 

fo llow ing  the o b se rv a tio n  of  Weiss, E l l i s  and dobb (1929), and of 

Jacobs and Mason (1936), have shown th a t  "when h istam ine i s  g iven 

by slow in trav en o u s  in j e c t i o n  to dogs i t  does not remain in  a c t iv e



form in  the p lasm a"• They s ta te d  th a t the h istam ine i s ,  in  p a r t ,  

rendered p h y s io lo g ic a l ly  in a c t iv e  by being taken up by the red  blood 

c e l l s .  L a te r ,  Code (1938) po in ted  out t h a t ,  while the white blood 

c e l l s  c a r r y  the major p a r t  o f  the blood histam ine during anaphy lac tic  

shock in  dogs, the plasma co n ta in s  the g r e a te r  p a r t  o f  h istam ine a t  

the peak o f  r e a c t io n .  In  th e i r  experiments with, r a t s ,  itose and 

Browne (1938) made in t e r e s t i n g  comparisons o f  the f a te  o f  in travenous^  

in je c te d  h is tam in e  in  normal and adrenalectom ised an im als. They 

found th a t  a t  the end o f  3 h r .  the amount o f  histam ine in  the 

blood o f  the  normal r a t  was 0 .2  u g . / c c . ,  whereas in  the a d re n a l

ectomised anim al i t  was 7.0 u g . /c c .  While they s ta te d  th a t  the 

i n i t i a l  blood h is tam ine  le v e l  in  the normal r a t  i s  O.b u g . /c c .  they 

do no t appear to have determined the corresponding le v e l  in  the 

adrena lec tom ised  anim al. The evidence produced by the experiments 

here d e sc r ib e d  in d ic a te s  th a t  an ex p lan a tio n  of the decrease in  the 

r a te  o f  d isappearance  o f  h istam ine in je c te d  in to  the adrenalec tom ised  

r a t s  may be due in  p a r t  to an inc rease  in  the i n i t i a l  blood h istam ine 

l e v e l .  The use o f  c o r t i c a l  e x t ra c t  in  the treatm ent o f  wshockn 

has been advocated  by S w ing le , P a rk in s ,  Taylor and Hays (1938) who 

s ta te d  th a t  in  c i r c u l a to r y  co l lap se  the c o r t i c a l  hormone e x e r t s  a 

b e n e f i c ia l  e f f e c t  on the c o n t ro l  of c a p i l l a r y  tone . To determine 

whether h is tam in e  can be in a c t iv a te d  by c o r t i c a l  e x t r a c ts  o b se rv a t io n  

were made on the in c u b a tio n  in  v i t r o  of h istam ine w ith  c o r t i c a l  

e x t r a c t .  S o lu t io n s  o f  pure histam ine ac id  phosphate and e x t r a c t s  

of blood c o n ta in in g  h is tam ine were incubated  w ith  c o r t i c a l  e x t r a c t  

a t  37°C. f o r  1 hour. No s ig n i f i c a n t  lo s s  of  h istam ine a c t i v i t y  

r e s u l t e d .  I t  would thus appear th a t  the re d u c t io n  o f  the blood



histam ine l e v e l  in  adrenalectomised. r a b b i t s  which follow s the 

a d m in is t r a t io n  o f  c o r t i c a l  e x t r a c t  i s  not d i r e c t l y  due to a destruc tion  

of h is tam ine  by the c o r t i c a l  e x t r a c t .  The f a i l u r e  of the blood 

p ressu re  to r e t u r n  to a normal le v e l  a f t e r  the in j e c t io n  of 

c o r t i c a l  e x t r a c t  suggests  th a t  the c a p i l l a r i e s  have a lready  

su f fe re d  some damage which cannot be reversed  by c o r t i c a l  

e x t r a c t .  Whether the h igher  blood le v e l  of h istam ine i s  

re sp o n s ib le  f o r  t h i s  damage i s  a p o in t which i t  i s  important but 

d i f f i c u l t  to  determ ine .

SUMMARY*

Adrenalectomy produces a r i s e  in  the blood histam ine of 

r a b b i t s .  C o r t i c a l  e x t ra c t  given subcutaneously  reduces the 

blood h is tam in e  le v e l  o f  adrenalec tom ised  r a b b i t s  w ith in  1 hour.

This e f f e c t  i s  m ain ta ined  fo r  a period  of from 3 to 24 hours.



p a r t  t w o .

THE INVESTIGATION OF BLOOD HISTAMINE IN 

PATIENTS WITH ADD IS ON DISEASE.
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THE INVESTIGATION 0? BLOOD HISTAMINE IN PATIENTS WITH 

ADDISON’S DISEASE, WITH PARTICULAR REFERENCE TO THE 

DISTRIBUTION OF HISTAMINE IN THE PLASMA AND BLOOD CELLS 

OF THESE PATIENTS .

In t ro d u c t io n .

This in v e s t ig a t io n  was designed as a sequel to the 

experim en ta l worE on r a b b i t s ,  desc ribed  in  p a r t  1. The purpose 

o f  the study was to determine whether in  Addison’ s d isease  the 

blood h is tam ine  le v e l  d i f f e r s  from th a t  in  normal a d u l ts  and in  

p a t i e n t s  who have a r t e r i a l  hypotension but no evidence of 

Addison’ s d i s e a s e .  I t  was decided to determine the le v e l  o f

h is tam ine  in  the plasma and the d i s t r i b u t i o n  o f  h istam ine

between the  plasma and the blood c e l l s  in  these groups of 

p a t i e n t s .  I t  was considered  im portant to c o r r e la te  these 

f in d in g s  w ith  blood p ressu re  re a d in g s ,  in  o rder to  determine 

what p a r t ,  i f  any, h istam ine p lays in  a r t e r i a l  hypotension .

Methods.

O bservations were made on 21 s u b je c ts .  Of these 12 

(Group a ) were p a t i e n t s  s u f fe r in g  from Addison’ s d is e a s e ;  4

(group b ) were su b je c ts  w ith  a r t e r i a l  hypotension wh,o had

symptoms su g g e s tin g  Addison’ s d isease  and had in  f a c t  been 

ad m itted  to h o s p i t a l  w ith  the d ia g n o s is  o f  ? Addison’ s d i s e a s e .  

The rem aining 5 cases  (Group 0 )  were normal h e a l th y  in d iv id u a ls

r e s t i n g  in  bed.



Group A« >- pecimens of blood were taken 60 hours a f t e r  

w ithdrawal of  c o r t i c a l  e x t r a c t  or D.O.G.A. 

whichever trea tm ent was being used fo r  main

tenance. The sample in  Case 8 was withdrawn 

during  a " c r i s i s " .

Group B. Two of these p a t ie n t s  (Oases 23 and 24) were on

normal d ie t  and specimens were taken 3 hours a f t e r  

b re a k fa s t .  The o th e r  two cases (21, 22) had 

undergone the C u t le r ,  Power and W ilder E x cre tio n  

Test (see Appendix p. H9«) fo r  d iag n o s is  of 

Addison’ s d isease  and samples of blood were 

withdrawn on the th i r d  day o f  the t e s t .

Group 0 . These p a t i e n t s  were m ainta ined  on a normal 

h o s p i ta l  d ie t  and blood was c o l le c te d  th ree  

hours a f t e r  b re a k fa s t .

Venous blood was t r a n s f e r r e d  to a wide-bore g la s s  tube 

c o n ta in in g  Heparin as an t ico a g u lan t in  the p ro p o rtio n  o f  0 .03  cc . 

H eparin (500 u n i t s / c c .  ) per 10 cc . b lood. Haematocrit read ings  

were made a f t e r  c e n tr i fu g in g  a t  3000 re v . /m in .  fo r  20 mins.

S e p a ra te  e s tim a tio n s  were made of whole b lood, plasma and 

combined red  and white c e l l s .  Plasma was c a r e f u l ly  se p a ra ted  

from the c e l l u l a r  la y e rs  by a f ine  p i p e t t e .  The d i f f e r e n t  

f r a c t io n s  o f  blood were t r a n s f e r r e d  q u a n t i t a t iv e ly  to a s toppered  

c y l in d e r  co n ta in in g  5 cc . 10/o t r i c h lo r o a c e t i c  ac id  and the 

subsequent technique fo r  the e x t r a c t io n  o f  h istam ine was c a r r ie d  

out accord ing  to the method of Anrep,Barsoum, T a laa t & Weiniger(192£i



lhe asbay o f  h istam ine was made on s t r i p s  of f r e s h ly  

i s o l a t e d  guinea p ig  ileum suspended in  a bath  of Tyrode’ s 

s o lu t io n  c o n ta in in g  0*5 ug. a tro p in e  su lphate  per l i t r e *  The 

a c t i v i t y  o f  these  s o lu t io n s  was v e r i f i e d  as being due to 

h is tam ine  by one or o th e r  of the methods described  in  appendix*

Blood p ressu re  record ings were made from a mercury 

sphygmomanometer^ the f ig u re  expressed being the average o f  s ix  

s e p a ra te  r e a d in g s .  The p a t i e n t s  la y  behind sc reens  a t  r e s t  fo r  

30 m inutes before  blood p ressu re  read in g s  were taken .

* R e s u l t s .

I .  The c o n c e n tra t io n  o f  h istam ine in  whole blood o f  

p a t i e n t s  w ith  Addison’ s d isease  and of c o n t ro l  s u b je c ts .

The h is tam ine  eq u iv a le n ts  fo r  whole blood are expressed  in  

Table IV . In  Group A the values ranged from 4.5 ug./lOO cc . to' 

61.0 ug./lOO cc . w ith  an average value of 15.6 ug./lOO cc . In  

Gase 8 the blood was withdrawn during a c r i s i s  and shows a 

rem arkably  high histam ine con ten t o f  61.0 ug./lOO cc . These 

l e v e l s  a re  c o n s id e rab ly  g r e a te r  than fo r  normal persons (Group C ) 

where the range was from 2 .7 /  ug./lOO cc . to 3 .9  ug./lOO cc .  w ith  

an average value o f  3 .4  ug./lOO cc . The values  in  Group C agree 

w ith  those found in  normal su b je c ts  by Barsoum and Gaddum (1935) 

and by Kwiatkowski (1941). In Group B the values  fo r  ca ses  21 

and 22 who had undergone the C u t le r  e x c re t io n  t e s t  were 1 . 9ug./lOOcc. 

and 5 .5  ug./lOO cc . r e s p e c t iv e ly  while fo r  the o th e r  two on normal 

d ie t  the e q u iv a le n ts  were 0 .9  ug./lOO cc . and 4 .4  ug./lOO cc .

The mean in c rease ' of 372‘k in  the blood h istam ine of



p a t i e n t s  w ith  Addison’ s d isease  compared w ith  normal su b je c ts  

su p p o r ts  the evidence found in  the e a r l i e r  experim ental work on 

r a b b i t s .  Adrenalectomy o f  r a b b i t s  r e s u l t e d  in  a mean inc rease  

136% in  the blood h is tam ine eq u iv a le n t.  F u rth e r  as in  r a b b i t  

blood th e re  i s  a v a r i a t io n  in  the in d iv id u a l  read ings  about the 

mean, so too fo r  p a t i e n t s  w ith  ad rena l in s u f f ic ie n c y  th e re  is  a 

wide s c a t t e r  o f  the in d iv id u a l  read ings  about the mean.



TABLE IV. Showing the oon cen tra tio n  of histam ine i n ’ug./lOO cc .

and in  whole blood o f  p a t ie n t s  with Addison1s d isease

and of c o n tro l  s u b je c ts .

Oase. Group. Histamine in  whole b lood.

ug./lOO cc .  Range ug./lOO cc. Average ug./lOOos

Gases of Addison1s d ise a se .

1 AXX 24.0
2 nxx 11.1
3 A 14.0
4 XX' 4 .8
5 XX 11.8
6 12.9
7 A 4.5
8 XX 61.0
9 A 16.3

10 5.6 4r5 -  61.0 15.6
11 A 6.2

Gases o f  hypotension  -  not s u f fe r in g  from AddisonTs d is e a se .

21 B 1.9
22 B 5.5
23 B 0 .9
24 B 4 .4

0 .9  -  5 .5 3 .2

Normal h ea l th y  s u b je c ts .

13 G 3 .4
14 G 3.4
15 C 3.5
16 C 3.9
17 0 2.7

2.7 -  3 .9 3 .4
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II*  The co n c en tra t io n  of h istam ine in  plasma of p a t i e n t s  

w ith  A dd ison 's  d isease  and of c o n tro l  s u b je c ts .

The normal le v e l  (Group C ) of h istam ine in  plasma 

( T a b l e  V. ) ranged from 1*9 to 3.0 ug./lOO cc* w ith an average 

value o f  2 .6  ug./lOO cc . These f ig u re s  are  h igher than those 

found by Kwiatkowski (1941) who gave a range of 0*5 to 1.5 ug./LOCQc 

In  Group B the e q u iv a le n ts  v a r ied  between 1.0 and 4 .9  ug./lOO cc* 

w ith  an average o f  2.7 ug./lOO cc . I t  i s  s i g n i f i c a n t  th a t  

cases  21 and 22 gave values lower than the su b je c ts  23 and 24 

who had not undergone the C u t le r  E xcre tion  T est .

The f ig u re s  in  Group A show th a t  the plasma histam ine in  

Addison1s d ise ase  i s  s u b s t a n t i a l ly  g re a te r  than in  the c o n tro l  

g roups. The eq u iv a len ts  ranged from 4 .3  to 23.7 ug./lOO cc . 

w ith  a mean value o f  9.6 ug./lOO cc .



(CABLE V. Showing the co n cen tra t io n  of h istam ine in  ug./lOO cc , 

in  the plasma of p a t ie n ts  w ith iiddison’ s d isease  and 

o f  c o n t ro l  s u b je c ts .

Gase. Group, C oncen tra tion  of  h istam ine in  plasma.

ug./lOO c c .  Range ug,/lOO cc . Mean ug./lOO cc .

Oases o f  Addison1s D isease .

1 9.7
2 A 8.9
3 A 10.4
4 A 8.6
5 A 8.8
6 A I E .8
7 A 4 .3
8 A 83.7
9 A* 6.4

10 A 6.0
11 A 6.8 4 .3  -  23.7 9. 6

Oases o f  a r t e r i a l  h y p o te n s io n -  
no t s u f fe r in g  from Addison1s d i s e a s e .

21 B 1.0
22 B 3.2
23 B 1.7
24 B 4.9 1.0 -  4 .9

Normal h ea lth y  s u b je c ts .

13 0 2 .9
14 0 2.3
15 0 3.0
16 0 3.0
17 ft 1 .9 1.9 -  3.0 2. 6
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I l l #  The r e la t io n s h ip  between plasma h istam ine and. blood 

p ressu re  in  p a t i e n t s  w ith Addison’ s d isease  (Group a ) and in  

p a t i e n t s  w ith  a r t e r i a l  hypotension (Group B . )

O bserva tions  a lread y  made from Table V. th a t  the h istam ine 

le v e l  in  plasma o f  Group B v a r ie s  l i t t l e  from normal su b je c ts  

in d ic a te  th a t  th e re  i s  probably no d i r e c t  r e la t io n s h ip  between 

plasma h is tam ine  and blood p ressu re  le v e l s .

In  Table VI. the f ig u re s  fo r  plasma h istam ine and B.P. 

reco rd in g s  are ta b u la te d  fo r  each group; these f a c t s  are expressed  

in  a more g raph ic  form in  F ig . 1 where plasma histam ine va lues  

( a b s c is s a e )a re  p lo t te d  ag a in s t  s y s to l ic  and d i a s t o l i c  blood 

p re ssu re  rea d in g s  (o rd in a te s ) .  Even i f  i t  were assumed th a t  the 

cause of  hypo tension  in  Group B was d i f f e r e n t  from Group A and 

th a t  the low B .P . in  Group A was due to h is ta m in e ,  there is  no 

d e f i n i t e  evidence of any d i r e c t  r e la t io n s h ip  between plasma 

h is tam ine  le v e l  and hypotension. I t  is  true  th a t  the d i a s t o l i c  

B.P. read in g s  in  Group A tend to f a l l  as the plasma h istam ine 

in c r e a s e s ,  but th e re  i s  no such tendency apparent w ith the 

s y s t o l i c  B.P. re c o rd s .  I t  i s  p o ss ib le  th a t  a f t e r  the i n i t i a l  

damage to the c e l l s  has been e f fe c te d  by h is ta m in e ,  any f u r th e r  

in c re ase  in  plasma histam ine would not n e c e s s a r i ly  e n t a i l  a 

f u r th e r  f a l l  in  s y s to l i c  blood p re ssu re .  Such a hypothesis  

re ce iv e d  some support from the observa tions made on the e f f e c t  o f  

D.Q.C.A. on the h istam ine co n ten t o f  plasma, where i t  was no ted  

th a t  even a f t e r  a s u b s t a n t i a l  f a l l  in  h is tam ine l e v e l ,  the 

hypo tension  remained u n a l te re d .
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TABLE VI. The Histamine conten t of plasma (ug./lOO cc . ) 

and the corresponding B.P. read ing  (m.m. H g .) 

o f  p a t i e n t s  w ith  Addison*s d isease  (Group A )and 

o f  p a t i e n t s  w ith  a r t e r i a l  hypotension (Group B ).

Oase Ho. Group. Plasma Histam ine. 
ug./lOO cc .

B.
m.m.

f y s t o l i c
Hg. 

D i a s to l i c .

1 9.7 88 58
2 JX 8.9 115 63
3 A 10.4 97 52
4 A 8.6 98 70
5 A - . 8 .8 84 62
6 . A 12.8 98 58
7 A 4 .3 118 68
8 ■ 1 23.7 70 48
9 k 6.4 98 60

10 A 6.0 114 68
11 A 6.2 76 48

21 B 1.0 106 78
22 B 3.2 98 72
23 B 1.7 98 58
24 B 4 .9 96 74

«
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B lood .
py«.s*ure.

o y sto lic .

P la sn ja  J -lis t a n jirje  y tig rq s /  I00c.cs. G r o u p .  A

Cfroup. E>.

22 24 26

Diastolic.

. 1* fhe r e l a t io n s h ip  between plasma histam ine and
blood pressure o f  p a tien ts  w ith Addison*s d isease

(Group A) and o f  p a t i e n t s  w ith  a r t e r i a l

hypotension (Group B).



'IV. The co n c en tra t io n  o f  h istam ine in  combined red  

and w hite  blood c e l l s  o f  p a t ie n t s  w ith  A d d iso n s  d ise ase  and 

o f  c o n t ro l  s u b je c ts .

The h is tam ine con ten t o f  the combined red  and white 

c e l l  l a y e r  o f  the c e n tr i fu g e d  blood from p a t ie n t s  in  Group A 

v a r ie d  between 4 .7  and 29.0 ug./lOO cc . w ith  a mean value of 

12*2 ug./lOO cc . These f ig u re s  (Table V II)  re p re se n t  an 

in c re a s e  in  mean value of 183^ over the corresponding  value 

fo r  the  c o n t ro l  g roups. In Group 0 the values  fo r  normal 

s u b je c t s  ranged from 3 .6  to  5 .4  ug ./100 cc .  w ith  an average 

va lue  o f  4 .b  ug./lOO c c . ,  while the eq u iv a le n ts  in  Group B lay  

between 2*6 and 8 .4  ug./lOO cc . w ith  a mean equ iva len t o f
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-DaBLB VII* chowing the co n c en tra t io n  o f  h istam ine in

ug./lOO cc* in  the combined red  and white blood 

c e l l s  o f  p a t i e n t s  withAddison1s -disease and of

c o n tro l  s u b je c ts .

Case • Croup*
*.......""" ' ' - .... ." ■ t 1 ■ - * 1,  , , ................................  . . . .  ■■ . . .  ,

C oncen tra tion  o f  h istam ine in  red  and white 
blood c e l l s .

ug./lOOcc. Range ug./lOO cc . Mean ug./lOO

Cases o f  Addison*s d is e a se .
1 4.9
2 Ik 15.3
3 A 18.5 (
4 A 6.9
5 A 16.8
6 A 12.8
7 A 4.7
8 A 29.0
9 A 20.3

10 A 4.9
11 A 6.2
12 A 6.0 4 .7  -  29.0 12.2

Cases o f  a r t e r i a l  hypotension -  no t su f fe r in g
from Addison*s d is e a se .

21 B 3.0
22 B 8.4
23 B 2.6
24 B 3.7 2.6  -  8 .4  4 .2

Normal h e a lth y  s u b je c ts .

13 C 4 .2
14 C 4.9
15 c 4 .3
16 c 5 .4
17 c 3 .6  -  5 .4  4 .5



V. The d i s t r i b u t i o n  of histamine in  the red  and white  

blood c e l l s  and plasma of normal su b je c t s  and of p a t i e n t s  w ith  

h y p o ten s io n  and w i th  A ddison 's  d i s e a s e .

When h istam ine  i s  adddd to  normal dog blood e i th e r  in  

v i t r o  o r  in  vivo the h istam ine i s  d i s t r ib u te d  in  a f a i r l y  cons tan t 

r a t i o  between the  c e l l s  and plasma (Anrep, Barsourn and T alaa t

(1936)) . This suggests  th a t  in  normal dog blood a mechanism 

o f  p a r t i t i o n  d i s t r i b u t i o n  fo r  h istam ine e x i s ts  between c e l l s  and 

plasma#

I f  such a p a r t i t i o n  mechanism fo r  h istam ine e x i s t s  in  

normal human blood then the r a t i o  o f  c e l l s  to plasma would tend 

to be c o n s ta n t .  On F ig . 2 the co n c e n tra t io n  o f  histam ine in  

c e l l s  (o rd in a te s )  are  p lo t t e d  ag a in s t  the corresponding 

c o n c e n tra t io n  in  plasma ( a b s c is s a e ) .  I t  w i l l  be observed th a t  

fo r  normal su b je c ts  the in d iv id u a l  va lues  are  f a i r l y  evenly 

d i s t r i b u t e d  about the mean and while the mean value fo r  p a t i e n t s  

w ith  low B .P. (Croup B) c lo s e ly  approximates th a t  fo r  normal 

s u b je c ts  th e re  i s  a much g r e a te r  v a r i a t io n  in  the in d iv id u a l 

r e a d in g s .

When corresponding  v a lu es  fo r  c e l l s  and plasma histam ine 

o f  p a t i e n t s  w ith  A ddison 's  d ise ase  a re  p lo t te d  a wide v a r i a t io n  

about th e  mean i s  seen and th e re  appears to be very l i t t l e  

r e l a t i o n s h i p  between the histam ine in  the c e l l s  and plasma.
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HI* I1 he e f f e c t  o f  D.O.G.A. on the d i s t r i b u t i o n  of 

h is tam ine  on the  red  and white blood c e i l s  and plasma of 

p a t i e n t s  w ith  Addison1 s d is e a se .

P a t i e n t s  w ith  Addison’ s d isease  a re  not id e a l  su b je c ts  

fo r  purposes o f  in v e s t ig a t io n  involv ing  venepuncture. Their 

v e in s  a re  o f te n  co llap se d  and where i t  i s  d e s ira b le  to withdraw 

t h e i r  rep lacem ent therapy  to  the p o in t o f  adrenal in s u f f ic ie n c y  

as n e a r  as  p o ss ib le  to c r i s i s ,  the trauma of venepuncture i s  not 

w ithout d i f f i c u l t y  or  danger. For t h i s  reason  the o r ig in a l  p lan  

o f  in v e s t ig a t in g  the e f f e c t  o f  hormone therapy on the h istam ine 

d i s t r i b u t i o n  in  blood was u n fo r tu n a te ly  r e s t r i c t e d .  A lto g e th e r  4 

p a t i e n t s  were s tu d ied  in  o rder to  observe the e f f e c t s  o f  

desoxycorticc&erome a c e ta te  (P .0 .0 .A. ) on the d i s t r i b u t i o n  o f  

h is tam in e  between c e l l s  and plasma. Specimens of  b lood  were 

taken  48 hours a f t e r  w ithdrawal o f  hormone therapy and again  

4 hours a f t e r  in tram u scu la r  in je c t io n  o f  5 mg. D.O.G.A. Blood 

p re s s u re  reco rd in g s  were a lso  made. The r e s u l t s  a re  shown in  

Table V I I I .
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TABLE V I I I . The l e v e l s  o f  h i s t a m in e  i n  b lood c e l l s  and 
plasma o f  p a t i e n t s  w i t h  A d d iso n ’ s d i s e a s e  
b e fo r e  and 4 h o u rs  a f t e r  i n t r a m u s c u l a r  
i n j e c t i o n  o f  D.O.G.A. 5 mgm.

Gase
ho .

p l a s m a  H is tam in e  C e l l  His tamine  
ug/lQQ c c .  ug. / lOO co.

B efore '  A f t e r D i f f .  Before  After! /  D i f f .

R a t io
c e l l  h i s t a m i n e  
plasma" h i s  t  am in  e 
Before  J3. f  t e r .

£ 3 .7  1 8 .4  ; - £ £ .3  * 134,0..: 47 .0  ; -64 .

6.8 3 .8  - 4 4 .1  1 6 .9  15.7 ; -  7 .1

.9 .4  4 . 2  | - 5 5 .3  j 12 .0  i 19 .0  j  + 5 8 .3

4 .3 '  : 4 .0  1 -  7 .5  j 4 .7  7 .4  j + 5 7 .4

5 .6

2 .4

2.5

4.1

1 .2  ; • ; 4 . 5

1 . 0  i  1 . 8
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Xu a l l  oases the plasma histam ine le v e l  was reduced fou r 

hours a f t e r  the  in f e c t io n  o f  D.O.O.A. The ex ten t of r e d u c t io n  

v a r ie d  c o n s id e ra b ly ;  in  Oase 7 the drop was of  the o rder  of 7%. 

the o th e r  ca ses  showed a f a l l  in  h istam ine of £0-55$. I t  might 

be expected th a t  the h istam ine values  of  the c e l l s  would 

co rresp o n d in g ly  r i s e .  • This i s  not c l e a r ly  shown fo r  w hile  in  

£ cases  th e re  was an in c rease  o f  58-80$, in  the remaining cases  

th e re  was an ap p rec iab le  f a l l  in  the c e l l  h istam ine v a lu e s .  

Comparison o f  t h e - r a t i o  o f  c e l l  h istam ine to plasma h istam ine 

(p.) i n d ic a t e s  th a t  a f t e r  D.O.O.A. the r a t i o  was increased  in  

a l l  c a se s  except in  Ho. 1. I t  i s  p o s s ib le ,  however, th a t  the 

amount o f  D.O.O.A. adm in is tered  was nbt s u f f i c i e n t  to  produce 

the maximum e f f e c t  .or th a t  samples o f  blood withdrawn a t  a 

l a t e r  p e r io d  would have shown a h igher r a t i o .

There i s  some evidence from th e s e " r e s u l t s  th a t  the change

in  d i s t r i b u t i o n  o f  h istam ine between c e l l s  and plasma which

r e s u l t s  from the  a d m in is t ra t io n  o f  D.O.O.A. i s  f a i r l y  r a p id  in  
o n s e t .  I t  i s  not y e t p o ss ib le  to s t a t e  whether the lo s s  of

h is tam ine  i s  due to ab so rp tio n  o f  h istam ine by the c e l l s  or

whether histamine i s  destroyed by histaminase activated  by

D.O.O.A. The evidence of Rose, Karady and Browne (1940) th a t

the lung histaminase a c t iv i t y  o f  adrenalectomised animals i s

restored  to normal by "adreno-cortical substancesT , supports 

the l a t t e r  explanation that the anti-h istam ine effect produced 

by D.O.O.A. operated through the medium o f  histaminase.



3 9 .

D isc u ss io n .

The r e s u l t s  of t h i s  in v e s t ig a t  ion lend f u r th e r  support to 

the evidence provided by the work on adrenalectom ised r a b b i t s ,  

a l lo w in g  fo r  sp ec ies  v a r ia t io n  where the histam ine co n ten t of 

normal r a b b i t  blood i s  much g re a te r  than in  normal human b lood , 

i t  i s  ev id en t th a t  in  Addison*s d isease  there is  an in c re ase  of  

approx im ate ly  370$ in  blood h is tam ine . I t  i s  no t p o ss ib le  to 

s t a t e  a t  p re se n t  whether the high le v e l  o f  blood h istam ine in  

ad ren a l in s u f f ic ie n c y  i s  due to excessive g en e ra tio n  or to 

d im in ished  d e s t ru c t io n  of  h is tam ine . The experiments of Rose 

and Browne(1938) in d ic a te  th a t  the r a t e  o f  d e s t ru c t io n ,  a t  l e a s t  

in  r a t s ,  i s  g r e a t ly  reduced. Some a ttem pts  were made by the  

a u th o r  to  s e t t l e  the ques tion  more d e f i n i t e l y  by studying the 

e x c re t io n  o f  h istam ine in  the u rine  o f  normal persons and o f  

p a t i e n t s  w ith  Addison’ s d is e a se .  E x tra c ts  of u r ine  were 
e l e c t r o ly s e d  in  an a ttem pt to i s o l a t e  h istam ine w ith  the minimum

o f h y d ro ly s is  but i t  was not p o ss ib le  to o b ta in  c o n s is te n t  r e s u l t  

When a s u i t a b le  method i s  evolved fo r  i s o l a t i n g  histam ine from 

u r in e ,  i t  should  be p o ss ib le  to determine the r a te  o f  d e s t ru c t io n  

and e l im in a t io n  o f  h istam ine in  the body.

In  Addison’ s d isease  there  i s  an inc rease  in  the h is tam ine 

l e v e l  o f  bo th  plasma and blood c e l l s  but the re  i s  no evidence of  

any d e f i n i t e  d i s t r i b u t i o n  of  h istam ine between c e l l s  and plasma, 

as i s  the case w ith normal blood. I f  th is  d i s t r i b u t i o n  of  

h is tam in e  performs an im portant p ro te c t iv e  fu n c tio n  in  the normal 

p e rso n , as Anrep and h is  co lleagues (1936) su g g es t ,  then  no such 

p r o te c t iv e  mechanism i s  a v a i la b le  to. the p a t i e n t  w ith  Addison’ s 

d i s e a s e .  I t  may w e ll  be th a t  the absence of th i s  p r o te c t io n  i s
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the b a s o f  the inc reased  s e n s i t i v i t y  of such p a t i e n t s  to drugF 

and trauma.

Though th e re  is  no d i r e c t  r e la t io n s h ip  between B.P. le v e l  

and the h is tam ine  con ten t o f  plasma, h istam ine may play an 

im portan t r o le  in  causing  the c i r c u la to r y  co llap se  in  ad rena l 

in s u f f ic ie n c y .  The increased  values fo r  blood h istam ine 

rep o r te d  in  bo th  animal and human adrena l in s u f f ic ie n c y  provide 

some support to the conclusions o f  Sw ingle(1938 ) and the high

le v e l s  o f  h is tam in e  in  plasma in d ic a te  a c lose  p a r a l l e l  w ith the 
p ic tu re  found a t  the heigh t o f  anaphylac tic  shock by Code (193$)

I t  w i l l  only  be p o ss ib le  to a s se ss  more a c c u ra te ly  the 

s ig n i f ic a n c e  of  these  abnormal values of  h istam ine in  the blood 

o f  p a t i e n t s  w ith  Addison1 s d is e a s e ,  when the mode of s e c r e t io n  and 

e l im in a t io n  of h istam ine in  the body i s  more in t im a te ly  known.

In  the meantime the evidence p resen ted  by th i s  study in d ic a te s  

th a t  one r e s u l t  o f  adm in is te r ing  c o r t i c a l  hormone (D.O.O.A. ) i s  

a r e d u c t io n  of the h istam ine con ten t o f  plasma and a 

r e d i s t r i b u t i o n  o f  the h istam ine in  the blood .between c e l l s  and 

plasma.. This may w ell be the b a s is  of the c l i n i c a l  response 

o f  p a t i e n t s  w ith  Addison 's d isease  to trea tm ent w ith  D.O.O.A.



B a r t  t h r e e

THE DIAGNOSIS OF ADDISON'S DISEASE 

WITH SPECIAL REFERENCE TO DIAGNOSTIC TESIB FOR 

ADRENAL INSUFFICIENCY.



THE DIAGNOSIS' OF ADDIS OH'S PIS BASE.

The d iag n o s is  o f  A ddison 's  d isease  in  the l a te  or te rm inal 

s tag es  as a r u le  p re se n ts  no d i f f i c u l t y :  the d isease  may be obscure 

in  the e a r ly  s tag es  when symptoms and s igns  are more or le s s  

i n d e f i n i t e .  Where the onset i s  not sudden, the p a t ie n t  may 

p re se n t ex a ce rb a tio n s  and rem issions over a period  o f  y ea rs  and 

v a r io u s  i n t e r p r e t a t i o n s  may be made as to the o r ig in  o f  the 

co m p la in ts ,  e s p e c ia l ly  i f  the p a t ie n t  a t  the time i s  w ell 

n o u r ish ed . The l i t e r a t u r e  con ta ins  many case r e p o r t s  in  which 

the g e n e ra l  languor and d e b i l i t y ,  which b es t  describes  the e a r ly  

symptoms o f  a s th e n ia ,  served to c l a s s i f y  the p a t ie n t  as n e u ra s th e n ic < 

The im portance o f  gas t i r o - in te s t in a l  .d is tu rb an ce  i s  d i f f i c u l t  to  j

as sess  when th e re  are  no o th e r  physica l s ig n s  and no immediate j
j

s ig n i f ic a n c e  may be a t tach ed  to a complaint of anorex ia  and j
j

in d ig e s t io n ;  even when the p a t ie n t  complains of abdominal p a in  j

and vom iting  or d ia r rh o e a ,  the occurrence may be so in te r m i t t e n t  j

th a t  the cause i s  e i t h e r  not in v e s t ig a te d  or the p a t i e n t  i s  

r e f e r r e d  to the surgeon fo r  appendieectomy.

Though the  c l a s s i c a l  d e s c r ip t io n  o f  the s ig n s  c e n tre s
j

round the p resence of p igm entation  and low blood p re s s u re ,  one or j
[

o th e r  may no t be e v id en t.  The depth of p igm enta tion  may vary  

from a f a i n t  yellow  tinge  to an in ten se  bronze c o lo u r ,  i t  may i

occur in  p a tch es  or be. d i s t r ib u t e d  uniform ly over the whole body <

s u r fa c e ;  the palmar and p la n ta r  su rfaces  a re  however much l e s s  j
ij

in te n s e ly  co lo u red . Where the p igm entation i s  very  s l i g h t  and j

uniform i t  may give the  appearance o f  a normal sa llow  complexion; j
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in  th e se  c ircum stances  p igm entation o f  the buccal mucous membrane 

i s  a v a lu ab le  s ign  and the margins o f  the l ip s  and o ra l  c a v i ty  

should be c a r e f u l ly  in spec ted  fo r  i s o la te d  patches of 

p ig m en ta tio n . The vagina and anus may a lso  be pigmented.

Biopsy o f  the  sk in  may serve to exclude o th e r  causes of 

p igm en ta tion  such as  s i l v e r ,  a r s e n ic ,  p e l la g r a ,  haemochromatosis 

and a c a n th o s is  n ig r ic a n s .

A r t e r i a l  bypotension i s  n e a r ly  always a cons tan t f e a tu re  

of  A d d is o n s  d is e a s e .  The blood p ressu re  in  the te rm in a l phase 

reac h es  a very low le v e l  but in  the e a r ly  s tages  of the d ise ase  j  

the s y s t o l i c  read in g  may vary from 110 to 90 mm. H g., w hile the  ! 

d i a s t o l i c  l e v e l  may l i e  between 75 and 60 mm.Hg., where the

blood p re s su re  i s  ju s t  w ith in  the lower l im i t  of norm ality  and '

o th e r  s ig n s  a re  equa lly  in d e f in i te  i t  may be exceedingly d i f f i c u l t  1 

to come to  a d e f i n i t e  co nc lu s ion , fo r  i t  i s  almost as im portant to 

exclude Addison* s d isease  as to diagnose i t .

I t  i s  u n fo r tu n a te  th a t  a t  p resen t there  i s  no simple j

method a v a i l a b l e ,  as in  d ia b e te s  m e l l i tu s ,  whereby minor degrees 

o f  a d re n a l  c o r te x  in s u f f ic ie n c y  may be measured. N ev erth e less  

v a r io u s  a t te m p ts  have been made to  provide c l i n i c a l  and biochem ical 

t e s t s  by which the d iag n o s is  o f  Addison*s d isease  may be confirm ed .; 

Some o f  th e se  methods have been in v e s t ig a te d  by the au th o r  in  |

o rd e r  to  a s s e s s  t h e i r  value as  d ia g n o s tic  a id s .  Owing to  wartime |
I

r e s t r i c t i o n s  and in  some in s ta n c e s  to the c o n d i t io n  o f  the  p a t i e n t s ,  

i t  has not been p o s s ib le  to ca rry  out a l l  the t e s t s  on each 

p a t i e n t .



0 osto -lum bar Tenderness.

When moderate p ressure  i s  made in  the costo-lum bar 

angle Rogoff(1931) s ta te d  th a t  the p a t ie n t  w ith  Addison*s 

d ise a se  complains of  a d u l l  pain  which r a d ia te s  towards the 

p e lv i s  of the same s id e .  The pain  i s  only f e l t  i f  the 

d ise a se  i s  due to  ex tensive  degeneration  or inflammation o f  

the a d re n a l  gland and i s  absent when the gland i s  a tro p h ied  or 

f ib ro s e d .  Aogoff suggested costo-lum bar tenderness  as a 

d ia g n o s t ic  t e s t  fo r  A d d iso n * sd ise a se .

The response to cost-lum bar p ressu re  on 13 p a t ie n t s  

w ith  Addison* s d ise ase  (Group a ) and 7 p a t ie n t s  w ith  hypo

te n s io n  (Group B) i s  recorded in  Table IX. I t  w i l l  be seen 

th a t  10 p a t i e n t s  o f  Group A gave a response varying  from 

marked ($+) b i l a t e r a l  tenderness to s l i g h t  (+) u n i l a t e r a l  

te n d e rn e ss ;  only  1 p a t i e n t  w ith  Addison*s d isease  d id  not 

respond . On the o th e r  hand in  Group B 3 of the 7 p a t i e n t s  had 

d e f i n i t e  te n d e rn e ss ,  though none of these p a t ie n t s  had any 

evidence o f  an in f e c t io n  of  the u r in a ry  t r a c t .  I t  i s  ev iden t 

th a t  costo -lum bar tenderness  i s  not d iag n o s tic  o f  Addison* s 

d ise a se  and though i t  may provide confirm atory  ev idence , 

where o th e r  s ig n s  o f  the d isease  ai*e in d e f in i te  t h i s  s ign  i s  o f  

l i t t l e  va lue  in  s e t t l i n g  the d ia g n o s is .
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TABLE IX* Showing in c id en ce  o f  costo-lu m bar ten d ern ess  
in  p a t ie n t s  w ith  A ddison1s d isease(G rou p  a )  
and in  p a t ie n t s  w ith  h yp oten sion  but no 
A ddison*s d is e a se  (Group B)*

Oase N o. Group. C osto-lum bar te n d e r n e ss .
H. L. ■

1 A + • ■ +

2 A ++ —

3 A — , +

4 A 4- " 4*4-

5 A -

6 A , 4* 4-4*

7 A 4-

8 .A - .++ 4-4-

9 A 4-. 4-

10 A 4- -

11 A 4- . 4-

12 A 
»

14 A

15 B -

16 B

17 B : -

21 B 4- +

22 B 4-4- 4-

23 B 4- -



Serum E le c t r o ly te s .

S ince  lo e b ’ s (1932, 1933) observa tions th a t  some 

p a t i e n t s  w ith  Addison1s d isease  have a low serum sodium and a 

h igh  serum potassium  le v e l ,  many a ttem pts have been made to 

use th e se  b iochem ical f ind ings  as a b a s is  fo r  the d ia g n o s is  of 

a d re n a l  in s u f f ic ie n c y .  Thus A llo tt(1 9 3 6 )  found th e re  was an 

in c re a s e  in  serum potassium as w ell as u rea in  cases  of 

oncoming c r i s i s .  g S n e l l  (1934), however, observed th a t  

d u r in g  the more chronic phase o f  the d isease  p a t i e n t s  had 

q u i te  a normal blood chem istry .

In  the  p re se n t study the le v e ls  o f  serum sodium, 

c h lo r id e s  and plasma potassium were determined in  13 cases 

o f Addison’ s d isease  (Group A) and in  9 cases  of  hypotension  

(Group B ). E stim ations  of serum sodium were made according  

to  the  technique of McGance and Shepp(1931) and of plasma 

po tassium  by the method of Weechelsbaum, Somogyi and Rusk(1940). 

Serum c h lo r id e s  were determined by Whitehorn1 s (1 9 2 1 ) techn ique . 

On Table X the va lues  o f  sodium, potassium and ch lo r id e  are  

ex p ressed  in  mgm. per 100 c .c  of serum or plasma. The 

r e s u l t s  show th a t  in  Group A only 8 cases  had a serum sodium 

l e v e l  l e s s  than the normal lower l im i t  o f  325 mgm. In  case 

4 the le v e l  was 279 mgm. while in  case 8 and 11 the blood was 

withdrawn during  a c r i s i s  and gave va lues  o f  235 and 280 mgm. 

per  100 c . c .  r e f le c t iv e ly .  Although no p a t ie n t  in  Group B 

had a serum sodium le v e l  below 300 mgm., 4 p a t i e n t s ,  however, 

had v a lu e s  le s s  than  325- mgm. I t  I s  ev iden t th a t  th e re  i s  

some overlapp ing  in  serum sodium va lues  between the groups and



TABLE Showing the Values fo r  serum, sodium, olasma
potassium and serum ch lo rid e  in  p a t i e n t s  w ith  
Addison’ s d isease  (Group a ) and in  p a t ie n t s  
w ith  hypotension  but not s u f fe r in g  from 
Addison’ s d isease  (Group B).

Case Group. S erum Na. Plasma X. Serum 01.
No. mgm.per 100 cc . mgm.per 100 cc . mgm. per 100 cc .

1 A 332 280
2 A 410 17.7 —
3 A 346 16.9 177
4 A 279 26.4 374
6 A 349.5 16.1 701
7 A 497 . ~ 394
8 A 235 - 261
9 A 310 §6*9 320

10 ii 315 20.0 350
11 A 280 20.8 308
12 A 319 18.1 300
13 A 315 27.6 408
14 A 301 21.9 315

Range A 235 -  497 16.9 -  27.6 177 -  701.

Mean A 329.9 21.2 349

15 B 328 245
16 B 323 - 360
17 B 300 22.1 490
18 B 330 18.6 350
19 B 330 - 360
20 B 335 18.6 380
21 B 319 18.5 328
22 B 321 16.2 —
24 B 359 18.3

Range B 300 -  359 16.2 -  22.1 245 -  490.

Mean B 327 18.7 359
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i t  would appear th a t  u n less  the serum sodium le v e l  i s  below 300 mg m 

per 100 c . o . tno d e f in i t e  conclusion  o f  Addison*s d isease  i s  
j u s t i f i e d .

With regard  to plasma potassium 4 p a t ie n t s  in  Group A 

had le v e l s  h ig h e r  than the form al range of 16-20 mgm.but th e re  i s  

no c l e a r  cu t d i s t i n c t i o n  between the two groups fo r  th e re  was 1 

p a t ie n t  in  Group B w ith  a le v e l  h igher than normal, though the 

genera l t re n d  in  t h i s  group i s  between 16 and 20 mgm. T The same 

conc lusion  may be made o f  the serum ch lo rid e  e s t im a tio n s .  I t  

i s  worthy o f  no te  that, the remarkably high le v e l  of 701 mgm. was 

observed in  case 6; though i t  was not ap p rec ia ted  a t  the tim e, 

i t  was l a t e r  r e a l i s e d  th a t  the high ch lo r id e  value c o n t r ib u te d ,  as 

w i l l  be d isc u sse d  l a t e r , * t o  the onset of oedema in  t h i s  p a t i e n t .  ■

The evidence p resen ted  here i s  in  agreement w ith  the 

co n c lu s io n s  of  Dryere(1939) th a t i t  i s  not poss ib le  to make a 

d e f in i t e  d ia g n o s is  o f  ad ren a l in su f f ic ie n c y  from the blood 

e l e c t r o l y t e '  v a lu es  a lone .

Po tass ium  S e n s i t i v i t y  T est .

In  1937 Zweiner and Truzkowski suggested as a r e s u l t  o f  

apimal experim ents th a t  in to le ra n c e  to an inc reased  in tak e  of 

potassium  might be used as a method of d e te c t in g  ad rena l 

in s u f f ic ie n c y .  They s ta te d  th a t  when p a t i e n t s  w ith  Addison s 

d isease  were g iven  potassium  s a l t s ,  t h e i r  serum potassium  

le v e l  ro se  r a p id ly .  This method was t r i e d  by Gordon .Ssveringhaus j 

and S ta rk (1 9 3 8 )  but was found by them to be u n re l ia b le ;  Dryere (1939) 

and G reene, Levine and Johnston (1940) a lso  found i t  u n sa t is fa c to ry .

I



S a l t  R e s t r i c t i o n  T es t*

F i r s t  used by Harrop, W einste in , S o f f le r  and T resoher(1933) 

th i s  t e s t  has been claimed to be of some d iag n o stic  v a lu e , as 

p a t i e n t s  w ith  Addison1s d isease  s u f fe r  a re la p se  a f t e r  th ree  to 

four days on a s a l t - f r e e  d ie t  and th e i r  plasma shows a cons iderab le  

drop, i n  sodium and c h lo r id e  co n ten t.  W ilder, Kendall and o th e rs

(1937) found th a t  the response to t h i s  t e s t  depended to a la rge  

ex ten t on the potassium  in take of  the p a t ie n t  a t  the time o f  the 

s a l t  r e s t r i c t i o n  t e s t  and they concluded th a t  unless, due 

importance i s  a t ta c h e d  to th i s  a s p e c t ,  the r e s u l t s  are  u n r e l i a b le .  

This t e s t  appears  to  be decided ly  hazardous to the p a t ie n t  i f  he 

should have Addison* s d isease  fo r  a t  l e a s t  two deaths have been 

re p o r ted  during  i t s  u se . ( i i l i e n f i e l d  (1938), Garvin and 

R e ic h le (1940 ) )•

Ex c r e t io n  T es ts .

In  1938 C u t le r ,  Power and Wilder described  a new t e s t  

fo r  the  d ia g n o s is  o f  adrenal in s u f f ic ie n c y .  The p r in c ip le  o f  

the t e s t  depends on the observa tions made by them th a t  during  

maintenance on a low sodium -  high potassium d ie t  fo r  two and a 

h a l f  days , p a t i e n t s  s u f fe r in g  from Addison*s d isease  continue to 

e x c re te  c o n s id e ra b le  amounts o f  sodium and ch lo r id e  in  t h e i r  

u r in e ,  w hile  normal s u b je c ts  show a marked d im inution in  u r in a ry  

sodium and c h lo r id e  ex c re tio n  u n d e r 'S im ila r  conditions.. They 

s ta te d  th a t  v a lu es  fo r  u r in e  c h lo r id e s  on the th i r d  day g r e a te r  than  

£25 mgm* fo a re  d ia g n o s t ic  o f  Addison* s d is e a se ,  whereas 

c o n c e n tra t io n s  of l e s s  than 125 mgm.^ are  evidence of n o rm a l i ty ,



v a lu es  between these  l im i t s  were regarded as inconclusive# 

D ryerre  (1939) confirmed these  observa tions but s t a te d  th a t  the 

u r in e  sodium le v e l  i s  much more r e l i a b l e  than the ch lo r id e  

l e v e l .  For p a t i e n t s  w ith  adrenal in su f f ic ie n c y  the range of 

u r in e  sodium i s  160-298 mgm.$> while fo r  normal su b je c ts  the 

le v e l  i s  25 -  66 ragm.^.

The C u t le r ,  Power and Wilder E xcre tion  T e s t ,  d e t a i l s  of 
which a re  g iven in  Appendix (p. 119# ), was c a r r ie d  out on one

p a t ie n t  w ith  Addison*s d ise ase  (Group 4 3 and on th ree  p a t i e n t s  

in  Group B, who had been adm itted to h o s p i t a l  w ith  a d iag n o s is  

o f  ? .Addison* s d isease  because o f  a ty p ic a l  pigm entation and low 

blood p r e s s u r e .  This in v e s t ig a t io n  could not be c a r r ie d  out 

on more p a t i e n t s  on account o f  the r e s t r i c t i o n  on d ie t  imposed 

by w ar-tim e c o n d i t io n s ;  i t  i s  th e re fo re  not adv isab le  to draw 

any d e f i n i t e  conc lus ions  from the small numbar o f  t e s t s  

perform ed. The r e s u l t s  o f  the t e s t s  are shown in  Table XI, 

where i t  w i l l  be seen th a t  the u r in a ry  ex c re t io n  of  sodium 

and c h lo r id e  in  the p a t ie n t  w ith  Addison* s d ise ase  does not 

conform to  the standards set by C u t le r ,  Power and W ilder(1938) 

and by D ry e r re (1939 )« Indeed the only c l e a r  cut d i s t i n c t i o n  

between Group A and Group B i s  seen in  the  dim inished output 

o f  u r in e  and in  the blood sodium, potassium and ch lo r id e  l e v e l s .
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The dec rease  in  the volume o f  u rine  i s  in  agreement w ith  the 

f in d in g s  o f  Maranon, Collazo and V i to r ia  (1935) who suggested 

dim inished u r in a ry  ou tpu t as a fea tu re  c h a r a c te r i s t i c  of ad rena l 

in s u f f ic ie n c y .  Taken in d iv id u a l ly ,  two cases  in  Group B (81,22) 

s a t i s f y  the  c r i t e r i o n  o f  both C u tle r  and co-workers and D ryerre 

fo r  absence o f  Addison1 s d ise a se ;  the r e s u l t s  w ith  p a t ie n t  18B, 

who was l a t e r  proved to have p ern ic io u s  anaemia, serve to in d ic a te  

th a t  t h i s  t e s t  i s  not i n f a l l i b l e .  In in troducing  the t e s t  C u t le r  

and h i s  c o l l e a g u e s (1938) s ta te d  tha t the p a t i e n t s  are  su b jec ted  

to l e s s  r i s k  o f  c o l lap se  than with the S a l t  R e s t r ic t io n  T es t .  

Dryerre (1939) however, experienced considerab le  d i f f i c u l t y  in  

ca rry in g  out the t e s t  and concluded th a t  i t  i s  not w ithout r i s k  

and th a t  i t  i s  e s s e n t i a l  to  keep a s t r i c t  watch over the p a t i e n t  

in case o f  sudden c o l la p se ;  an opinion which i s  shared by W illson , 

Robinson, Power and Wilder (1942).

A sim ple e x c re t io n  t e s t  has r e c e n t ly  been described  by 

Robinson, Power and K ep le r(1941) which does not involve any 

r e s t r i c t i o n  o f  d i e t  and does not sub jec t the p a t ie n t  to any hazards 

The p r in c ip l e  o f  the t e s t  depends on the i n a b i l i t y  o f  p a t i e n t s  w ith  

Addison* s d ise a se  to exc re te  la rge amounts of w ate r .  The t e s t  

c o n s is ts  in  g iv in g  a la rg e  amount o f  water to d r in k  during the day 

and comparing the volume of u r ine  voided during  the n ig h t w ith  the 

volume o f  the l a r g e s t  s in g le  hourly  specimen passed during the day.
m

I f  the n ig h t  u r in e  i s  l e s s  in  amount than any specimen of day u r in e  

the p a t i e n t  i s  no t s u f fe r in g  from Addison*s d is e a se .  On the 

o th e r  hand i f  the volume of n ig h t u r in e  i s  g r e a te r  than  any hou rly



day specimen the p a t ie n t  may or may no t have A ddison 's d i s e a s e .

This may be decided by determ ining the follow ing r a t i o ;

a u r in e  u rea  mgm% x  Plasma ch lo rid e  mgm  ̂ x  Day u r in e  cc / h r . 
-plasma u rea  mgmjfr* Urine clhloride mgm^ Night u r in e  c c . I o t a l .

I f  A i s  l e s s  than  25 the p a t ie n t  has Addison*s d isease  and i f  A

i s  more than  30 the p a t ie n t  i s  not su f fe r in g  from A ddison 's

d is e a s e .

The t e s t  was c a r r ie d  out on 4 p a t ie n t s  of whom 3 were 

s u f f e r in g  from Addison’ s d isease  (Group A); the remaining case 

(Group B ) had a r t e r i a l  hypotension but no o th e r  s igns  or symptoms 

of A dd ison 's  d i s e a s e .  The u r in a ry  output fo r  each p a t i e n t  i s  

shown on Table XII where i t  w i l l  be seen th a t  there  i s  no evidence 

o f  a w ate r  d iu r e s i s  in  a n y 'p a t ie n ts  of Group A. In  the second 

p a r t  o f  the t e s t  2 p a t i e n t s  (12, 14) had r a t i o s  le s s  than 25 but in  

* case 9 the va lue  fo r  A was g re a te r  than the upper l im i t  s e t  by 

Robinson, Power and K epler(1941). I t  i s  d i f f i c u l t  to e x p la in  why 

th i s  p a t i e n t  should give such a high value fo r  A fo r  she had been 

s u c c e s s fu l ly  t r e a te d  fo r  Addison’ s d isease  during the prev ious 

e ig h te e n  months. I t  i s  poss ib le  th a t  h e r  D.O.G.A. had no t been 

withdrawn f o r  a s u f f i c i e n t  period  as the t e s t  was begun 24 hours 

a f t e r  the l a s t  dose o f  D.O.O.A. The p a t i e n t  in  Group B had a 

prompt d i u r e s i s  and a value fo r  A w ell above any seen in  Group A.

Not only i s  the Robinson, Power and Kepler . te s t  r a p id  ana 

easy to c a r ry  out but i t  i s  p a r t i c u la r ly  f ree  from danger to 

the p a t i e n t .  I f  i t s  accuracy i s  confirmed i t  should prove to 

be a very  u s e fu l  d ia g n o s t ic  t e s t  fo r  ad rena l in s u f f ic ie n c y .
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IABIE X II .  The response o f  3 p a t ie n t s  w ith  A ddison 's

d ise ase  (Group A )  and 1 p a t ie n t  w ith  a r t e r i a l

hypotension (Group B) to the Robinson, Power 
and K epler E xcre tion  T est.

a )  U rinary  Output c .c .

b ) R atio  A*

Case. Group. Night u r in e . 9.30
Day u r in e .  

10.30 11.30 12.30
R atio

A#

9 A 198 56 75 126 154 45.8

12 A 370 21 20 12 20 0 .6

14 129 28 44 45 50 24.5

26 B 369 517 529 114 54 206.0

T h erap e u tic  T e s t .

Mention might be made o f  the d iag n o s tic  value o f  the 

th e ra p e u t ic  response  of  p a t i e n t s  to an in je c t io n  o f  c o r t i c a l  ||

e x t r a c t .  I t  i s  c e r t a in ly  tru e  th a t  p a t ie n ts  w ith  Addison’ s d isease 

e x h ib i t  a dram atic  response to an in je c t io n  o f  20 co. c o r t i c a l  

e x t r a c t , bu t s ince  Kline (1937) has repo rted  th a t  cases  of astheni£j

respond s im i la r ly  kuch a procedure, to be o f  any value as a j
d ia g n o s t ic  t e s t ,  must be conducted under c a re fu l ly  c o n t ro l le d  
c o n d i t io n s .  S u b je c tiv e  improvement in  the absence o f  p o s i t iv e  j

o b je c t iv e  d a ta  i s  an u n r e l ia b le  d ia g n o s tic  c r i te r io n *

Ra d io lo g ic a l  Evidence.
In  1914 Ro&leston and Boyd described  the appearance of ;

c a l c i f i c a t i o n  o f  the su p ra ren a l g lands by means o f  X-ray 

pho tographs.
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y h e ir  techn ique  was l a t e r  developed and improved by Gamp, B a l l  

and Greeve (193a) who found th a t  o f  23 p a t ie n t s  w ith  Addison’ s 

d is e a s e ,  6 had c a l c i f i e d  a d re n a ls .  One of the disadvantages 

of t h i s  method l i e s  in  the d i f f i c u l t y  of d is t in g u ish in g  

c a l c i f i c a t i o n  o f  ad jacen t lymph nodes or o f  the c a r t i l a g e s  of  

the r i b s ,  f o r  normal persons occas io n a lly  p resen t X-ray 

appearances corresponding  w ith those seen in  Addison’ s d is e a s e .  

Where the  d is e a se  i s  due to atrophy of the gland,* p e r i - r e n a l  

i n s u f f l a t i o n  o f  a i r  has been used as a means o f  o u t l in in g  the 

kidney and su p ra ren a l  g land , but the danger of producing 

emphysema o f  the  t i s s u e s  w ith  accompanying pain  has rendered 

t h i s  method u n d e s ira b le  and the r e s u l t s  so f a r  obta ined  have 

not j u s t i f i e d  the  dangers in cu rred . I'he value of  r a d io lo g ic a l  

methods in  the  d ia g n o s is  o f  Addison’ s d isease  i s  th e re fo re  

s t r i c t l y  l im i te d .

D isc u ss io n .

In  d is c u s s in g  the problems a sso c ia ted  w ith  the d iagnosis

o f  A ddison’ s d ise a se  i t  i s  important to  r e a l i s e  th a t  the  ad rena l 
g lan d , l i k e  o th e r  endocrine g lands , has a large margin of  s a f e ty ,

fo r  a co n s id e ra b le  p o r t io n  of the t i s s u e  may be destroyed  before

the fu n c t io n  becomes in s u f f i c i e n t  to meet the normal demands o f

the body. I t  i s  reasonab le  to expect, th e re fo re ,  th a t  the

d ise a se  in  i t s  e a r ly  s ta g es  w i l l  be c h a ra c te r is e d  by vague

symptoms and th a t  few s ig n s  may be ev id en t.

E xacerba tions  of  ad rena l in su f f ic ie n c y  occasioned by m ild 

in f e c t io n  o r  change o f  environment and m anifested  by vom iting , 

d ia r rh o e a ,  drow siness o r  a ty p ic a l  n e u ro lo g ic a l  symptoms,



c o n s t i t u t e , th erefore , very valuable information and the trouble 

taken to secure an accurate h istory from the patient w i l l  be 

well repaid .

Any t e s t s  for  adrenal c o r t ic a l  function which are 

undertaken at t h i s  early stage may often  y ie ld  indecis ive  

r e s u l t s .  Indeed from the foregoing survey i t  i s  obvious that 

there i s ,  as y e t , no sp e c if ic  and accurate method o f  diagnosing 

Addison’ s d is e a s e .  Mention may be made o f  two t e s t s  which may 

be developed for the detection  o f  adrenal in su ff ic ien cy .

At present i t  i s  premature to suggest the histamine

content o f  plasma or whole blood as an index of adrenal

in s u f f ic ie n c y .  Sen f a r  there  are  no fa c ts  a v a i la b le  about

blood histamine va lues in conditions which simulate Addison’ s

d isea se , except these cases which have been investigated  in

Group b. I t  cannot be claimed th a t  the e s tim a tio n  o f  h istam ine

in  blood i s  easy , f o r  i t  e n t a i l s  a b io lo g ic a l  method o f  assay

and th e re  cannot be many h o s p i ta ls  where the necessary  f a c i l i t i e s

are a v a i la b le .  N evertheless , the c lear  cut d is t in c t io n  in
%

plasma h is tam ine  v a lu es  between Group A and Group B compares 

very favou rab ly  w ith  the o th e r  d ia g n o s tic  t e s t s  and tak in g  in to  

account th a t  no p rev ious  r e s t r i c t i o n  of  d ie t  i s  n ec essa ry , i t  

i s  rea so n ab le  to  expect th a t  the d i f f i c u l t i e s  o f  e s t im a tin g  

h istam ine  in  blood may be overcome.

R ecen tly  Go11a and R e is s (1943) have i s o la te d  from 

pregnant mare serum a substance which has c o r t ie o tro p h ic  

a c t i v i t y .  I f  a s u f f i c i e n t l y  s e n s i t iv e  method i s  developed fo r



I t s  d e te c t io n  in  human u r in e ,  i t  may be p o ss ib le  to use t h i s  

method f o r  a s se s s in g  ad ren a l in s u f f ic ie n c y ,  a t  l e a s t  in  

c e r t a i n  ca ses  o f  Addison’ s d ise a se .

In the meantime the G u tle r ,  Power and Wilder E xcre tion  

Test i s  not w ithout i t s  d isadvan tages . The sim pler method 

o f  Robinson, Power and Kepler has no apparent dangers and 

i f  i t  p roves to be as  accura te  as the p re lim inary  account 

s u g g e s ts ,  i t  should provide a rap id  and confirm atory 

d ia g n o s t ic  t e s t  fo r  Addison’ s d is e a s e .
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H S 1  ' F 0 U R .  

f|HE OGGURRMGE OF OTHER ENDOCRINE DISEASES

in association with addison' s disease .

!



MB OOOURHEMGE OF OTHER ENDOCRINE DISEASES IK

ASSOCIATION WITH ADDISONS DISEASE,

From the  knowledge which has accumulated regard ing  the 

i n t e r r e l a t i o n s  of  the d u c t le s s  glands i t  i s  to be expected th a t  

d isease a f f e c t i n g  the ad rena l glands may a lso  involve o th e r  endocrine

glands•

Atrophy o f  the ad rena l glands may lead  to atrophy or 

hypertrophy o f  o th e r  g lands and provided the adrenal in s u f f ic ie n c y  

remains w i th in  the l im i t s  compatible w ith  l i f e ,  symptoms and s ig n s  

of o th e r  endocrine  d isease  may sooner or l a t e r  become ev id en t.  j

The resumed which follow s d ea ls  w ith  some of the more 

im portant endocrine  d ise a se s  which may be a s so c ia ted  w ith  A dd ison 's  ;

d ise a se ;  in  some in s ta n ce s  adrenal in su f f ic ie n c y  followed the ;;
j

development o f  d ise a se  in  another d u c t le s s  g land , in  o th e r  

in s tan ce s  the sequence of events was rev e rsed .

The r e l a t i o n s h i p  of the a n te r io r  lobe of the p i t u i t a r y  gland j 

w ith the  a d re n a l  c o r te x  i s  w ell e s ta b l ish e d  as a r e s u l t  o f  numerous j 

i n v e s t ig a t io n s .  Crooke and R usse ll (1935) showed th a t  there  i s  a : 

r e d u c t io n  in  the" number of basophil c e l l s  and th a t  abnormal 

b asoph il  t r a n s i t i o n a l  c e l l s  occur in  A ddison 's  d is e a se .  They !

regarded  th e se  changes as the most s ig n i f i c a n t  of a l l  the changes

found in  the  d u c t le s s  g lands . Y et, s u rp r i s in g ly  enough, few ca ses  j
« ■ *.* wwhn fir»T»in2 l i f e  ex h ib ited  s igns  or |have been re p o r te d  o f  p a t i e n t s  who hg j
_ _ . ,1 looosfl o f  the a n te r io r  p i t u i t a r y  jsymptoms d i r e c t l y  r e f e r a b le  to d is  a |

.* , q tmmnnrtTa d is e a s e ,  the onset of a t t a c k s  of g land . In  a p a t i e n t  w ith  Simmond s d is e a s e ,



6 0 .
/
yomiting, abdominal pa in  and co llap se  were a t t r i b u te d  by 

Aitken and R u s s e l l  (1934) to the development o f  Addison* s 

d ise a se .  The occurrence o f  Addison1s d isease in  a s s o c ia t io n  

with i n f a n t i l i s m  has been described  by Morlat(1903) and A p ert(1933 ).

• Although th e re  i s  cons iderab le  evidence th a t  p a t i e n t s  w ith  

adrenal in s u f f ic ie n c y  may be thrown in to  c r i s i s  by the 

a d m in is t ra t io n  o f  th y ro id ,  the c l i n i c a l  a s s o c ia t io n  o f  hyper

thyro id ism  and ^ d d iso n 1 s d isease  has only r a r e ly  been no ted .

The subsequent development o f  Addison1s d isease  in  th ree  p a t i e n t s  

w ith  a p rev io u s  h i s to ry  o f  th y ro to x ic o s is  has been rep o r ted  by 

Ghauffard and G i r o t (1925 ), E tienne and R ichard (1926) and Herman 

(1933). On the  o th e r  hand the onset o f  tox ic  g o i t r e  in  Addison1s 

d isease  i s  d e sc r ib e d  and quoted by Perera  and P a rk e r (1943) who 

a lso  f u l l y  d is c u s s  the  sim ultaneous occurrence o f  Addison1 s 

d isease  and hyperthy ro id ism  in  a p a t ie n t  whose hyperthyroid ism  

was s u c c e s s fu l ly  c o n t ro l le d  by X-ray therapy. Two o th e r  such 

cases have been no ted  by E tienne and Richard(19S6 ) and P la  and 

Fabregat (1932 ).

Hypertrophy o f  thymus gland has been re p o r te d ,  and a trophy  

of the t e s t e s ,  sem in iferous tu b u le s  and o v ar ie s  have a lso  been 

noted but no p a r t i c u l a r  syndrome re fe ra b le  to these  a s so c ia te d  

changes have been desc r ib ed . Many p a t i e n t s  have symptoms o f  

amenorrhoea and o f  impotence, but in  sev e ra l  in s ta n c e s  i t  has 

been shown th a t  pregnancy i s  compatible w ith  the development o f  

Addison* s d i s e a s e .  In view o f  the recen t work r e l a t i n g  enlargement 

of the  thymus w ith  myasthenia g r a v i s ,  i t  i s  in t e r e s t i n g  to  n o te  

th a t  hypertrophy  o f  t h i s  gland occurs in  Addison*s d ise ase  though



the type o f  a s th e n ia  and i t s  d i s t r ib u t io n  d i f f e r s  qu ite  

markedly in  each d is e a se .  The blood-sugar in  Addison*s d isease  

Is u s u a l ly  normal or  ̂ occasionally  subnormal (iCepler and Wilder 

(1938)) and the  occurrence of  d ia b e te s  m e ll i tu s  in  a s s o c ia t io n  w ith  

Addison1 s d is e a s e  ‘i s  extremely r a r e .  Of 14 repo rted  ca ses ,  

doubt has been c a s t  on the d iagnosis  of 5 (Arnett (1927)). In  

1926 U n v err ich t re p d r te d  a case of d iab e te s  and tu b e rc u lo s is  

which l a t e r  developed Addison*s d ise a se .  A rn e t t (1927) recorded 

the f i r s t  well-documented case of d iab e te s  m e ll i tu s  and Addison’ s 

d ise a se .  A b r i e f  re fe ren ce  was made by A llen  (1930 ) to 2 such 

cases seen  a t  the Mayo C l in ic ,  and another was rep o rted  by Gowen 

(1932). The onset o f  d iab e te s  m e l l i tu s  during the course of 

Addison’ s d is e a se  was described  by levy  Simpson (1932), and by 

Grooke and R u sse l l  (1935). Rogoff (1936) repo r ted  a unique case 

of Addison*s d ise a se  r e s u l t in g  from b i l a t e r a l  ad renal denerva tion  

in  an a ttem p t to cure d iab e te s  m e l l i tu s .  More r e c e n t ly  an 

e x c e l le n t  d e s c r ip t io n  of  the coincidence of d iabetes  m e l l i tu s  

and Addison* s d isease  has tieen given by Bloomfield (1939).

0.ASE RECORD.

A housew ife , aged 32, was adm itted to the Royal In firm ary  

on J u ly  25, 1939, complaining of dyspnoea, severe weakness and 

lo ss  o f  energy which had g rad u a lly  increased  during the p rev ious  

s ix  months. In  the summer of 1938 she had n o tic e d  th a t  her 

sk in  was darken ing  and becoming brown. At f i r s t  she thought i t  

was sunburn, but the co lour  deepened throughout the w in te r .

She had l o s t  over a stone in  w eigh t, but a t  no time had she any



g a s t r o - i n t e s t i n a l  d is tu rb a n c e .  M enstruation had alwaysl been 

normal. '.There was no h is to ry  of  any previous i l l n e s s .  She had 

been m arried  e ig h t  y ea rs  and had a hea lthy  daughter, s ix  years o ld  

A s trong  h e r e d i t a r y  tendency to  d iab e tes  m e l l i tu s  i s  shown in  the 

family t r e e .

Died
37 y r .

T
Alive

?

> CJ 11 c) 11 1
Died P a t i e n t  Alive Glycosuria Died Died Died
24 y r .  o f  llijf y r .  P h th is is  16 y r .

pregnancy. 14 y r .

Fam ily h i s t o r y  o f  p a t i e n t .  Squares, male; c i r c l e s ,  ’ 

fem ale . D ia b e tic s  shorn in  b lack .

The p a t i e n t  was sm a ll ,  th in  and very a s th e n ic .  She was
►

edentu lous and weighed 7 s t .  2 l b .  There, was g en e ra lised  dark 

brown p igm en ta tion  of  her  body, p a r t i c u l a r ly  of her  f a c e ,  neck, 

d o rsa l  s u r fa c e s  o f  the  forearms and hands, and the f ro n t  o f  the 

knees. The bueoal mucous membrane was a lso  pigmented. A s o f t  

s y s to l i c  murmur was heard  a t  the apex o f  the h e a r t ,  but th e re  was 

no c a rd ia c  enlargem ent. The blood p ressu re  was 102/62, pu lse  

r a te  8 8 , weak but r e g u la r .  There were no abnormal f e a tu re s  in  

the lu n g s ,  abdomen or nervous system and no lumbar tenderness  was



e l i c i t e d .  U r in e :  albumin f a in t  t r a c e ;  sugar and ketones n i l ;  

deposit  c o n ta in e d  e p i t h e l i a l  c e l l s .  Bloodb Sedim entation Rate 

(C u tle r)  15 mm. in  1 hour; sugar 100 mg. per 100 c .cm .; non

p ro te in  n i t r o g e n  34.6 mg. p e r  100 c .cm .; ch lo r id e s  (Hafll) 421 mg.
I

per 100 c.cm; haemoglobin 60$; red  c e l l s  4,130,000; co lour index 

0*73; w hite c e l l s  6 ,600(n eu tro p h il  polymorphs 64$, eos inoph ils  5$, 

monocytes 2$, lymphocytes 29$). . The blood p ic tu re  was th a t  of a

mild hypochromic anaemia. F ra c tio n a l  t e s t  meal and histam ine 

t e s t  meal r e v e a le d  complete ac h lo rh y d ria .  E lectrocardiogram  and 

radiograms o f  ch es t and abdomen were normal.

A d ia g n o s is  o f  Addison’ s d isease was made and the p a t ie n t  

was g iven 5 mg. o f  D.O.C.A. in tram uscu la rly  th ree  times a week and 

ascorb ic  ac id  100 mg. d a i ly .  The anaemia was t r e a te d  w ith  f e r r .  

su lph . e x s ic c .  g r .  3 and ac id  hydrochlor. d i l .  m. 30 th ree  times a 

day. She improved considerab ly  and sa id  she f e l t  more en e rg e tic  

and le s s  e a s i l y  t i r e d .  At the outbreak of war she was d ischarged  

from h o s p i t a l  * She a ttended  the o u tp a tie n t  department fo r  a 

weekly i n j e c t i o n  of  5 mg. o f  B.O.O.A. and continued to take 

aBcorbic a c id  d a i ly .  As she d id  no t g a in - in  weight her d a i ly  

s a l t  in ta k e  was augmented w ith  15 m. of sodium ch lo r id e  in  c a c h e ts .  

Her improvement was m aintained and her weight in c re ase d , but she 

complained o f  backache and f a i l i n g  v is io n .

On the n ig h t  o f  June 13, 1940, she was readm itted  to  

h o s p i ta l  on account o f  increased  a s th en ia  and p e r s i s t e n t  vom iting . 

She sa id  she had been q u ite  wefll u n t i l  the rece n t s p e l l  of hot 

weather but had been unable to a t te n d  the o u tp a t ie n t  department 

fo r  a f o r t n i g h t .  She had lo s t  weight and the pigm entation  had



become d a rk e r .  She had no d ia r rh o e a  and m ic tu r i t io n  was normal.

On adm ission she was extrem ely a s th e n ic  and markedly dehydrated .

She vomited f r e q u e n t ly  and h e r  b re a th  smelled s t ro n g ly  of ace tone . 

Blood p re ssu re  was 58 /40 , pu lse  r a t e  112, r e g u la r ;  r e s p i r a t i o n  

r a t e  24; tem pera tu re  97.8°F. U rine : sugar , acetone , no diace  t ic  

a c id .  W ithin the f i r s t  24 hours she rece iv ed  25 c.cm. o f  

Eucortone and 5 mg. o f  D.O.C.A. in tra m u sc u la r ly  and a l i t r e  o f  5$ 

g lucose  s a l in e  by in trav en o u s  d r ip .  In  a d d i t io n  she was given 

in tra m u sc u la r ly  100 mg. o f  v itam in  0 .  By the second day the

vom iting had ceased  and the  blood p ressu re  had r i s e n  to  90/58.

D aily  trea tm en t w ith  10 c.cm. o f  eucortone was con tinued  and on the

t h i r d  day she was able  to take 15 mg. NaCl d a i ly  in  c a c h e ts .  On

June 20 the n o n -p ro te in  n i t ro g e n  was 38.6 mg.; c h lo r id e s  430 mg.; 

sugar 660 mg. p e r  100 c.cm . U rine : sugar ; 'acetone and d ia c e t ic  

a c id  ; albumin t r a c e .

In  view o f  the hyperglycaem ia and g ly c o su r ia  she was g iven 

10 u n i t s  o f  i n s u l in  morning and evening. Glucose to le ran ce  t e s t  

gave the fo llow ing  r e s u l t :  0 h r .  460', -J h r .  480, 1 h r .  575, 1-g- h r .  

600, 2 h r .  565; the dose o f  in s u l in  was th e re fo re  g ra d u a l ly  r a i s e d  

to 38 u n i t s  in  the morning and 22 u n i t s  in  the evening. On $wie 

26 h e r  g e n e ra l  c o n d i t io n  had g r e a t ly  improved and 5 mg. o f  D.O.C.A. 

th r i c e  weekly was s u b s t i tu t e d  fo r  euco rtone . The blood p ressu re  

now v a r ie d  between 85 and 88 s y s t o l i c  and 56 and 60 d i a s t o l i c ,  

and the serum sodium had r i s e n  from 235 to 332 mg. p e r  100 c.cm. 

S e v e ra l  a t ta c k s  o f  hypoglycaemia ensued as  a r e s u l t  o f  i n s u l in  

trea tm en t and the  dose had to be reduced re p e a te d ly .  A f u r th e r



radiogram  o f  the ch e s t  and abdomen showed no abnorm ality . a p iece 

o f  pigmented sk in  was removed fo r  p a th o lo g ic a l  exam ination. The 

r e p o r t  s t a t e d :  "S e c tio n s  o f  sk in  show an in c rease  o f  melanin 

pigment in  the b a sa l  la y e r  o f  the ep id erm is , but no evidence of 

i ro n  in  a p p ro p r ia te ly  s ta in e d  s e c t i o n .”

By August 26 she had gained 5 l b . ,  d id  not complain of any

weakness, and was ab le  to walk about the ward. There was no

change in  h e r  p igm en ta tion  and she had no recu rren ce  of vom iting .

Her blood p re ssu re  was now w e ll  m ain ta ined  a t  92-94 s y s to l i c  and 

60-70 d i a s t o l i c ,  and h e r  serum sodium was 340 mg. At t h i s  -time her 

noon blood sugar le v e l  was 72 mg. on the dose of in s u l in  28 /20 , and 

though a t  times th e re  was mild g ly c o su r ia  th e re  was no k e to n u r ia .

She was d ischarged  on th a t  da te  w ith  in s t r u c t io n s  to take in s h l in

28/20 and to con tinue  D.O.C.A. and s a l t  t re a tm e n t .

As a r e s u l t  o f  a m istake in  the dose of in s u l in  g iven  a t  home

she was read m itte d  on the n ig h t  o f  Aug. 27 in  *a severe s t a t e  o f

hypoglycaem ia, and d e s p i te  trea tm en t w ith  ad ren a lin e  and in travenous 

g lucose  she d ied  in  co n v u ls io n s .

AUTOPSY FINDINGS.

S u p ra ren a ls  -  Both g r e a t ly  reduced and each weighted 1.9  g.

The c o r t i c a l  c e l l s  in  each zone were e n t i r e l y  rep laced  by f ib ro u s  

t i s s u e ,  which formed a f ib ro u s  capsule round the m edulla . The 

r e s u l t a n t  w id th  of the c o r te x  was only a sm all f r a c t io n  o f  the normal

hound the p e r ip h e ry  of the m edulla th e re  were some fo c i  o f

lymphocytic i n f i l t r a t i o n .  W ithin the m edulla were a re a s  of fo c a l  

n e c ro s is  in  which the c e l l s  were l a r g e ,  sw ollen  and s ta in e d  p ink



and con ta ined  dark  brown pigment g ranu les  in  t h e i r  cytoplasm.

In  a d d i t io n  the re  were la rge  fo c a l  c o l l e c t io n s  o f  lymphocytes, 

but th e re  was no evidence of tu b e rc u lo s i s .  C e r ta in  p a r ts  o f  ' 

the medulla were almost com pletely  f ib ro s e d .

P ancreas . S l i g h t l y  sm a lle r  than normal but no macroscopic 

changes on s e c t io n .  Many of the i s l e t s  o f  Langerhans .were 

com plete ly  rep la ced  by f ib ro u s  t i s s u e .  Many of those s t i l l  

p re se n t  were rem arkably  reduced in  s iz e  and snowed v a r io u s  degrees 

o f  a trophy  and f i b r o s i s .  No evidence o f  an inflammatory r e a c t io n .

P i t u i t a r y  g lan d . The. a n t e r io r  lobe was engorged and

con ta ined  a sm all chromophobe adenoma about 3 mm. in  d iam eter.

There was obvious r e t e n t i o n .o f  c o l lo id  in  the a c in i  which were w ell 

formed and l in e d  by chromophobe c e l l s .  /There were a few basophil 

c e l l s  in  the a c i n i .  Many of the chromophobe c e l l s  were l a rg e r  

than norm al. There was le s s  than the normal quota o f  e o s in o p h i ls ,  

w hile  the basoph ils  were conspicuously  few. A ll  th ree  types of 

c e l l s ,  however, appeared to be somewhat degenera ted . In  M allory- 

s ta in e d  s e c t io n s  many o f  the  g ra n u la r  c e l l s  took on both the ac id  

and basic  s t a i n ,  so th a t  i t  was im possib le  to recogn ise  t r a n s i t io n a l  

s ta g e s  o f  the two ty p e s .  The p o s te r io r  lobe p resen ted  no 

abnormal f e a tu r e s .

Thyroid g lsn d .  S m alle r  than norm al, f irm  and devoid of 

c o l l o i d .  The a c in i  were l in e d  by t a l l  columnar ep ith e liu m  and 

the h i s t o l o g i c a l  p ic tu r e  was in d is t in g u is h a b le  from th a t  of 

G raves’ s d is e a s e .

Thymus gland weighed 17.5 g. and showed a co ns iderab le

amount of  f i b r o s i s  and f a t t y  i n f i l t r a t i o n .  The remaining
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lymphoid t i s s u e  was h y p e rp la s t ic .

S k in  and v ag in a l  ep ithe lium  showed in c rease  of melanin 

pigment in  the basa l l a y e r .

L iv er . Normal in  s iz e  but f lab b y  and pale  owing to some 

f a t t y  i n f i l t r a t i o n .  No haemoehromatosis.

Lungs. Terminal bronchopneumonia. No a p ic a l  s c a r s .

The o th e r  v i s c e r a  showed no s ig n i f i c a n t  changes.

DISCUSSION.

On h er  f i r s t  adm ission the d iag n o sis  o f  Addison*s d isease  

was f u l ly  confiemed by the th e ra p e u t ic  response to D.O.C.A. There 

was no evidence to show th a t  the carbohydrate  metabolism was 

d is tu rb e d  a t  t h i s  s ta g e  as the blood sugar was normal and there  was 

no g ly c o s u r ia  or k e to n u r ia ,  a lthough the u r in e  ?*as examined on 36 

o cc as io n s .  In  view of h e r  h i s to r y  acute, adi^enal in s u f f ic ie n c y  

was diagnosed on h e r  second adm ission. Vomiting could oe 

a t t r i b u t e d  to the k e t o s i s ,  out tne g ly c o su r ia  and s tro n g  f a m i l ia l  

inc idence  o f  d ia b e te s  m e l l i tu s  suggested  the  onset o f  d ia b e te s .  

S ince h e r  grave c o n d i t io n  would not perm it d e lay  f o r . f u r t h e r  

i n v e s t ig a t io n  i t  was decided to t r e a t  the ad rena l in s u f f ic ie n c y  

im m ediately . Some days l a t e r ,  when a d ia b e t ic  response to 

g lucose to le ra n c e  t e s t  was re v e a le d ,  the p o s s i b i l i t y  of  d ih b e tic  

coma or haemoehromatosis w ith  k e to s i s  was rec o n s id e re d .  Although 

vom iting and d eh y d ra t io n , hypotension  and a low serum-sodium le v e l  

a re  f a c to r s  common to both acu te  adrena l in su ff ic ia icy  and to  

d ia b e t ic  coma, the dram atic response to trea tm en t w ith  c o r t i c a l  

e x t r a c t  i s  more in  favour of  the former c o n d i t io n .  Indeed in s u l in  

was not adm in is te red  u n t i l  nine days l a t e r ,  by which time the ,
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p a t i e n t  had improved, co n s id e rab ly .  Biopsy of the sh in  disposed 

of the p o s s iD i l i ty  o f  haemoehromatosis and f u r th e r  co n firm a tio n  

i s  provided in  the autopsy  r e p o r t .

. I t  i s  i n t e r e s t i n g  to note th a t  w hile the m a jo r i ty  of the 

a u th e n t ic a te d  cases  o f  d ia b e te s  and Addison*s d ise a se  developed 

d ia b e te s  f i r s t ,  our p a t i e n t ,  d e sp ite  the s tro n g  f a m i l i a l  tendency, 

p re se n te d  d ia o e te s  only  a f t e r  Addison’ s d isease  had been e s ta b l i s h e d  

over a y e a r .  A fe a tu re  o f  s e v e ra l  o f  the ca ses  has been " in s u l in  

h y p e r s e n s i t iv i ty "  which has a r i s e n  w ith  doses as sm all as  5 u n i t s  

in s u l f n .  In  t h i s  case a maximum o f  60 u n i t s  o f  i n s u l in  per  day was 

ad m in is te red  before the f i r s t  hypoglycaemic r e a c t io n  occurred . I t  

seems worthy of ho te  t h a t ,  a lthough Bloomfield and U n v err ich t,  

whom he q u o te s , dem onstrated a decreased  need of in s u l in  as 

Addison1s d ise a se  developed in  th e i r  d ia b e t ic  p a t i e n t s ,  i t  was found 

th a t  s u c c e s s fu l  trea tm en t o f  the su p ra re n a l  in s u f f ic ie n c y  did not 

in c re a se  the i n s u l in  requirem ent o f  t h i s  p a t i e n t .

Much a t t e n t i o n  has been focussed  on the r e l a t i o n s h i p  

between the a n t e r io r  lobe o f  the p i t u i t a r y  and the o th e r  endocrine 

g la n d s .  Numerous o b se rv a tio n s  (Hewer(1923), Kraus (1927), Harrop 

and W einste in  (1932))have been made on the d im inu tion  of the 

b aso p h il  c e l l s  of the a n t e r io r  looe of  the p i t u i t a r y  in  Addison’ s 

d i s e a s e ,  and CrooMe and R u s s e l l (1935) have suggested  th a t  t h i s ’ 

might account fo r  the hypoglycaemia. Ihe evidence p re se n ted  by 

t h i s  case does no t seem to bear out t h e i r  h y p o th e s is ;  indeed , one 

o f  t h e i r  own cases  (case 9) i s  a t  va r ian ce  w ith  t h e i r  ded u c tio n .

E i th e r  p e rn ic io u s  anaemia or m ic ro cy tic  anaemia may occur 

in  a s s o c ia t io n  w ith  Addison’ s d is e a s e .  In  each in s tan ce  the



anaemia can be ad equa te ly  t r e a t e d ,  provided  due ca re  i s  taken 

in  the  a d m in is t r a t io n  o f  d ru g s , to  which such p a t i e n t s  a re  

abnorm ally s e n s i t i v e .
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THE TREATMENT OF ADDISON’£ DISEASE.

The trea tm en t o f  Addison’ s d isease  may be lik en ed  to 

th a t  o f  d ia b e te s  m e l l i t u s .  In  both these  d ise a se s  th e re  i s  

i n s u f f i c i e n t  hormone se c re te d  to meet the demands o f  the body 

and the trea tm en t th a t  may -be employed e n t i r e l y  depends upon the 

s t a t e  o f  the p a t i e n t ,  th a t  i s ,  upon the acu teness  of the 

in s u f f ic ie n c y .  J u s t  as in  d ia b e t ic  coma the measures to be 

adopted are  r ig o ro u s  and u rg e n t ,  so too in  a TTc r i s i s "  o f  acute 

ad re n a l  in s u f f ic ie n c y  abundant c o r t i c a l  hormone and s a l in e  must be 

su p p lied  im m ediately. On the o th e r  hand some d ia b e t ic  p a t ie n t s  

are r e a d i ly  s t a b i l i s e d  by d i e t e t i c  m easures, in  a s im ila r  manner 

very  mild cases  o f  Addison’ s d ise a se  may be s a t i s f a c t o r i l y  

m ain ta ined  w ithou t added hormone by l im i t in g  the in take  of 

potassium  s a l t s  and supplementing the d i e t  w ith sodium c h lo r id e .

The d i f f e r e n t  methods a v a i la b le  fo r  the trea tm ent o f  

Addison’ s d isease  may be d iscu ssed  under the headings of 

(1) Low potassium  d i e t  and s a l t  th a ra p y , (2) Hormone the rapy .

• LOW POTASSIUM DIET MD SALT THERAPY.

Follow ing the work o f  W ilder and h i s  a s s o c i a t e s ( 1937) 

s u c c e s s fu l  use o f  a potassium  r e s t r i c t e d  d ie t  to m ain ta in  

p a t i e n t s  s u f f e r in g  from mild ad ren a l in s u f f ic ie n c y  has been 

re p o r te d  by D ryerre (1939) and Loeb (1941).

In  the p re se n t  s e r i e s  of ca ses  a low potassium  d ie t  was 

c o n s tru c te d  and g iven to s e v e ra l  p a t i e n t s .  D e ta i l s  of .th is  

d i e t  a re  g iven  in  appendix (p . 1 2 1 . ).



72.

he j a li  tude  a., lowed i n  t h i s  d i e t  was s u f f i c i e n t  t c  c a t e r -  

f o r  the  c a p r i c i o u s  a p p e t i t e s  o f  most p a t i e n t s ,  bu t  i n  a l l  

c a s e s  s u p p le m e n ta r y  s a l t  had. to be g iv e n .  The s a l t  r e q u i r e d  

v a r i e d  from 10-15 gm. d a i l y .  While  n e o  m a i n t a i n s  t h a t  

sodium c h l o r i d e  a lo n e  i s  s u f f i c i e n t ,  the  w r i t e r  a g r e e s  w i t h  

W ilder  t h a t  p a t i e n t s  p r e f e r  to  t a k e  a m ix tu r e  o f  sodium 

c h l o r i d e  and sodium c i t r a t e .  Indeed  a m ix tu r e  o f  sodium 

c h l o r i d e  6 gm. , sodium b i c a r b o n a t e  4 g m . , sodium c i t r a t e  4 g m . , 

was found to be v e r y  b e n e f i c i a l .  This  amount was g iv e n  

d a i l y  i n  5 s u b d i v i d e d  d o s e s .  The b e s t  method o f  a d m i n i s t e r i n g  

t h i s  l a r g e  amount o f  s a l t  m ix t u r e  i s  t o  g iv e  each  dose i n  a  

s m a l l  g l a s s f u l  o f  m i lk  one hour  b e f o r e  m e a l s .  Where expense  

i s  no o b j e c t  the  p a t i e n t  u s u a l l y  e x p e r i e n c e s  no d i f f i c u l t y  i n  

s w a l 3 owing c a c h e t s .  In  a 1I i n s t a n c e s  w a t e r  has  been found to 

be u n s u i t a b l e ,  as  t h i s  v e h i c l e  p ro du ces  n a u s e a  ana v o m i t i n g .

T h is  form o f  t r e a t m e n t  i s  v e ry  l i m i t e d  i n  i t s  

a p p l i c a t i o n .  I t  has  no e f f e c t  on the  b lood  p r e s s u r e  l e v e l  

and has  v e r y  l i t t l e  e f f e c t  on m u s c u la r  w e a k n e s s .  k  p a t i e n t  

may do q u i t e  w e l l  on t h i s  w h i l e  r e s t i n g  i n  bed out o n ly  one 

c a s e  (Gase 6 ) was s u c c e s s - f u l l y  m ain ta ined ,  on i t '  f o r  ove r  a  

week. In  a l l  the  o t h e r  c a s e s  a d d i t i o n a l  hormone t h e r a p y  

was r e q u i r e d .  *

P a r t i c u l a r  c a r e  must be e x e r c i s e d  i n  the  a d m i n i s t r a t i o n  

o f  a d d i t i o n a l  hormone t h e r a p y  to p a t i e n t s  on t h i s  d i e t .

Weekly o r  tw ice  w eek ly  i n j e c t i o n s  o f  a d r e n a l  c o r t e x  e x t r a c t  

a p p e a r  to c o n t r i b u t e  a d d i t i o n a l  b e n e f i t  but  t h i s  i s  n o t  so



with D . O . C . A .  Hampton and Ke Tiler (1941) have r e c e n t ly  shown '

th a t  in  a group o f  9 p a t i e n t s  on th i s  d ie t  who were g iven 

D . O . G . A .  only 1 p a t i e n t  remained w e ll .  Five p a t i e n t s  died 

w ith in  1 month and 1 w ith in  6 months of beginning trea tm en t 

and 2 developed d ia r rh o e a  and impending c r i s e s .  S ince then 

i t  has been r e a l i s e d  th a t  D.O.G.A. may produce acute r e te n t io n  

o f  sodium and in c re ased  e x c re t io n  o f  potassium . Where i t  i s  

n e c e ssa ry  to give hormone therapy  the p a t i e n t  should be 

m ain ta ined  on a normal d i e t  c o n ta in in g  a t  l e a s t  4-5 gm. K 

d a i ly .

HORMONE THERAPY.

The a d re n a l  c o r te x  does no t e la b o ra te  any s in g le  

substance which can be d esc r ib ed  as the v i t a l  hormone 

o f  the g land . An e x t r a c t  o f  the c o r te x  c o n ta in s  a la rge  

number o f  c lo s e ly  r e l a t e d  s t e r o id  d e r iv a t iv e s  which have 

s p e c i f ic  e f f e c t s  q u a l i t a t i v e l y  d i f f e r e n t  one from the o th e r .

In  1928 Hartman and h i s  c o l le a g u e s  suggested the name 

" c o r t i n ” fo r  the hormone o f  the ad rena l c o r te x .  This they 

regarded  as the v i t a l  p r in c ip le  o f  the g land . In 1934; 

however, K endall i s o l a t e d  a c r y s t a l l i n e  compound from the 

ad ren a l c o r te x  and in  1938 s e v e ra l  more c r y s t a l l i n e  compounds 

were se p a ra te d  which were des ig n a ted  as " c o r t i n - l i k e IT. An 

a c t iv e  e x t r a c t  from the ad ren a l c o r te x  can now be sep a ra ted  

in to  f r a c t io n s  e i t h e r  as c r y s t a l l i n e  compounds or a p u r i f i e d  . 

amorphous m a te r i a l ,  but no one compound can reproduce a l l  

the p h y s io lo g ic a l  e f f e c t s  o f  the g land.



7 4 #

Adrenal G-land G rafts#

Animal experim ents  by I n g l e ,  H ig g in s  and N ich o lso n  

(1938)  and by Loeb (1937)  have emphasised the d i f f i c u l t i e s  

a s s o c i a t e d  w i th  the t r a n s p la n t in g  o f such d e l i c a t e  and 

s e n s i t i v e  t i s s u e s  as the a d ren a l  g la n d s .  I t  i s  to be 

e x p ec ted  that  c l i n i c a l  o p p o r t u n i t i e s  have been r a re , -  fo r  

a ttem p t in g  the g r a f t i n g  o f  adrenal  g lands  i n  the treatment o f  

Addison* s d i s e a s e .  A l t o g e t h e r  s i x  c a s e s  have been recorded .

The most recen t(K a tz  and M ainzer, 1941)  in c lu d es  a review  of 

the l i t e r a t u r e  and d e s c r ib e s  the s u c c e s s fu l  g r a f t in g  of  one 

ad ren a l  g land from a subject- who had r e c e n t ly  d ie d ,  in to  the 

abdominal muscle w a ll  o f  a p a t i e n t  w ith  Addison*s d is e a s e .

At the time o f  r e p o r t in g  the  p a t i e n t  had been m aintained 

fo r  15 months with only an o cc as io n a l  in j e c t io n  o f  ad rena l 

c o r te x  e x t r a c t .

This type o f  trea tm en t i s  o f  academic i n t e r e s t  on ly .

A drenal C ortex  E x t r a c t .

A c r i t i c a l  survey o f  the vax^ious methods o f  s ta n d a rd is in g  

e x t r a c t s  o f  ad ren a l c o r te x  cannot be a ttem pted  in  t h i s  t h e s i s ,  

but an e x c e l le n t  review o f  the methods a t  p re se n t  a v a i la b le  i s  

g iven  by Kendall (1 9 4 1 ) .  The w r i t e r  has had persona l 

experience  w ith  two methods p ra c t ic e d  in  t h i s  c o u n try ,  namely 

( 1 ) s u rv iv a l  o f  ad rena lec tom ised  r a t s  and (2 ) s u rv iv a l  o f  

ad rena lec tom ised  d rak es .  These methods are le s s  s a t i s f a c t o r y

than the more r e c e n t  TTm ainten^nceM assays now used in  America*
\



No o f f i c i a l  e x t r a c t  o f  ad rena l c o r te x  has y e t  been described  

but s e v e ra l  commercial p re p a ra t io n s  are  a v a i la b le  in  th i s  

country* Of these  the fo llow ing  have been employed in  the 

course of t h i s  s tu d y : -  G o rt in  (Organon L a b o ra to r ie s ) ,

Eucortone (A llen and H an o u ry ,l td .  ), E sch a tin  (Parke Davis 

and Go. ).

Experim ental evidence has shown th a t  while p re p a ra t io n s  

o f  a d re n a l  c o r te x  e x t r a c t  a re  a c t iv e  when given by mouth 

( P f i f f h e r  (1934), Thorne (1938), Grollman (1936)) the amounts 

n ec essa ry  a re  a t  l e a s t  4 to 10 times g r e a te r  than the 

p a r e n te r a l  dose . Loeb (1941) concluded from h i s  o b se rv a tio n s  j 

th a t  c o r t i c a l  e x t r a c t  g iven by mouth i s  o f  d o u b tfu l  c l i n i c a l  

ivalue. The p re se n t  day a t t i t u d e  i s  tjhat ad ren a l c o r te x  has j 
very  l i t t l e  c l i n i c a l  e f f e c t  in  doses of le s s  than  5 cc .  even 

when adm in is te red  by the p a r e n te r a l  ro u te .  The e x t r a c t  i s  

u s u a l ly  g iven by in tram u scu la r  in j e c t io n  but in  emergency 

trea tm en t the in trav en o u s  ro u te  may be used . For maintenance 

purposes the dose employed v a r ie s  from 10 cc . once d a i ly  to I 

10 cc . twice weekly; in  the trea tm en t o f  a TTc r i s i s tT as much j

as 50-75 cc . in  d iv ided  doses may be re q u ired  per day. J

S u b s t i t u t i o n  therapy i s  inadequate u n le ss  the f a c to r s  j  

which in f lu en ce  carbohydrate  metabolism and the e f f ic ie n c y  o f  ; 

the muscles are  g iven to g e th e r  w ith  the compounds th a t  j

in f lu en c e  r e n a l  fu n c t io n  and the d i s t r i b u t i o n  of w ater and j

e l e c t r o l y t e s .  Up to the p re se n t  time ad rena l c o r te x  e x t r a c ts  j; 

are  the only p re p a ra t io n s  which produce these  e f f e c t s .  f
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s t e r o i d  Compounds o f  the  Adrenal  C o r t e x ,

In  1936 K e n d a l l  i s o l a t e d  from the  a d r e n a l  c o r t e x  f i v e  

r e l a t e d  s t e r o i d  compounds which  he named Af3,C,D and E and 

in  the  f o l l o w i n g  y e a r  S t e i g e r  and R e i c h s t e i n  (1937)  d e s c r i b e d  

one o f  the  n i n e  compounds which  th e y  had i s o l a t e d  as  

c o r t i c o s t e r o n e , .  i h i s  compound, K e n d a l l  (1937 ) showed to be 

s i m i l a r  to h i s  compound B. E x te n s i v e  i n v e s t i g a t i o n s  on the  

c h e m i s t r y  o f  th e  r e l a t e d  s t e r o i d  compounds f o l lo w e d :  an 

e x c e l l e n t  r e v ie w  o f  t h i s  work i s  g i v e n  by Mason (1939) ,

I n  America th e  p h y s i o l o g i c a l  e f f e c t s  have been  s t u d i e d  o f  f o u r  

c r y s t a l l i n e  compounds ( f i g .  3 . )  c o r t i c o s t e r o n e ,  

d e h y d r o c o r t i c o s t e r o n e , d e s o x y c o r t i a o s t e r o n e  and compound E, 

an amorphous f r a c t i o n  which i s  o b t a i n e d  i n  a p u r i f i e d  form 

a f t e r  s e p a r a t i o n  o f  th e  o t h e r  compounds. While  the  amorphous 

f r a c t i o n  has  more e f f e c t  t h a n  any o t h e r  compound on the, 

m a in ten a n ce  o f  l i f e ,  i t  does  n o t  a p p e a r  to  i n f l u e n c e  

c a r b o h y d r a t e  m e ta b o l i sm  o r  r e s p o n s e  o f  m u sc le .  The c h i e f  

d i s a d v a n t a g e  o f  d e s o x y c o r t i c o s t e r o n e  i s  t h a t  i t  has  v e ry  

l i t t l e  e f f e c t  on c a r b o h y d r a t e  m e tab o l i sm  and on the  m ain ten a n ce  

o f  musc le  e f f i c i e n c y .  It- i s ,  on the  o t h e r  h a n d ,  the  most 

e f f e c t i v e  compound f o r  th e  m a in te n a n c e  o f  no rm al  e l e c t r o l y t e  

b a la n c e  and r e n a l  f u n c t i o n .  0
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D e s o x y c o r t i c o s t e r o n e  a c e t a t e  has been s y n t h e s i s e d  and 

i s  a v a i l a b l e  c o m m e r c i a l ly ,  i t  i s  u s u a l l y  r e f e r r e d  to  a s  D.O.O.A. 

The most s t r i k i n g  a c t i o n  o f  D.O.O.A, i s  on e l e c t r o l y t e  and 

w a t e r  m e ta b o l i s m .  as has  been shown by S im p s o n ( 1938 )

0 l e g h o r n  (1939)  and j oeb (1939 ),  i t  c a u s e s  marked r e t e n t i o n  

o f  sodium s a l t s  and o f  w a t e r  w i t h  an i n c r e a s e  i n  p lasma volume 

and a g a i n  i n  body w e i g h t .  That  i t  r e s t o r e s  r e n a l  f u n c t i o n  I s  

d e m o n s t r a t e d  by an  i n c r e a s e d  e x c r e t i o n  o f  n i t r o g e n  i n  tho se  

o a s e s  where t h e r e  i s  a  h i g h  H .P .N .  The o t h e r  e f f e c t s  such  as  

l o w e r in g  c a l c i u m  and c h o l e s t e r o l  l e v e l s  i n  th e  serum a re  

p r o b a b l y  due to  th e  r e s u l t a n t  i n c r e a s e  i n  p lasm a  vo lume.  The 

e f f e c t  on b lo o d  p r e s s u r e  may be b rou g h t  a b o u t ,  a c c o r d i n g  to  

l o e b ,  w i t h i n  a  few h o u r s ,  but  i n  no c a se  s t u d i e d  h e re  (Table  ""III  

was any e f f e c t  o b s e r v e d  4 h o u r s  a f t e r  i n j e c t i n g  D.O.O.A. On 

the  o t h e r  h a n d ,  d u r i n g  a p e r i o d  o f  t r e a t m e n t  e x t e n d i n g  from 10 

d ay s  to s e v e r a l  m o n th s ,  b o th  d i a s t o l i c  and s y s t o l i c  p r e s s u r e s  

were c o n s i d e r a b l y  r a i s e d .  T h is  i s  w e l l  s e e n  i n  Fig .  4 a ,  4b,  

Whether  the  r i s e  i n  b lood  p r e s s u r e  depends on f a c t o r s  o t h e r  

t h a n  th e  c o r r e c t i o n  o f  abnorm al  e l e c t r o l y t e  and w a t e r  m e tab o l i sm  

i s  d i f f i c u l t  t o  d e c i d e .  C e r t a i n l y  the  b lood  p r e s s u r e  c o n t i n u e s  

to  r i s e  even  though  the  b lo od  e l e c t r o l y t e s  have been  r e s t o r e d  

to  a no rm al  l e v e l .

P i g m e n t a t i o n  does n o t  a p p e a r  to be i n f l u e n c e d  to  any 

e x t e n t  by D.O.O.A. The c o l o u r  o f  t h e  s k i n ,  i n  some c a s e s ,  

a p p e a re d  to  be l i g h t e r  a f t e r  t r e a t m e n t  b u t  th e  p igment  s p o t s  

i n  th e  o r a l  mucous membrane were n o t  a l t e r e d  n o r  was the  

d a r k  a r e o l a  roun d  the  n i p p l e s .  The e f f e c t  on s k i n  p i g m e n t a t i o n



i s  p r o b a b l y  due to  r e b y d r  t i o n  a s  t h e s e  p a t i e n t s  had g a in e d  

w e ig h t  and a p p e a re d  to  be more r o b u s t .

The c a r b o h y d r a t e  m e ta b o l i sm  i s  n o t  a f f e c t e d  by t r e a t m e n t  

w i t h  D.O.O.A. On the  c o n t r a r y ,  as B l o o m f i e l d (1939 ) has  shown 

the  b lood  s u g a r  may be l o w e re d .  In d eed  Jo eb  (1941)  has  

d e s c r i b e d  th e  o n s e t  o f  s e v e r e  hypoglycaern ia  i n  p a t i e n t s  

r e c e i v i n g  l a r g e r  d o ses  o f  D.O.O.A. I t  i s  i n t e r e s t i n g  to  

n o t e ,  on the  o t h e r  h a n d ,  t h a t  c o r t i c a l  e x t r a c t  r a i s e s  

th e  b lood  s u g a r  l e v e l .  Whether  t h i s  i s  due to  compound 

E o f  K e n d a l l  w i l l  o n ly  be d e te r m in e d  when s u f f i c i e n t  amounts 

o f  t h i s  compound a r e  a v a i l a b l e  f o r  c l i n i c a l  u s e .

There  i s  no d o ub t  t h a t  th e  s u b j e c t i v e  e f f e c t  o f  

D.O.O.A. i s  to  i n c r e a s e  th e  se n se  o f  w e l l - b e i n g  and to  

b r i g h t e n  the  o u t l o o k  on l i f e .  T h is  s u b j e c t i v e  improvement 

i s  r e f l e c t e d  i n  the  i n c r e a s e d  a p p e t i t e  and  many p a t i e n t s  

g a i n  i n  w e i g h t .  Of th e  14 c a s e s  s t u d i e d  a l l  bu t  3 were 

s a t i s f a c t o r i l y  m a i n t a i n e d  on D.O.O.A. and were a b le  to  resume 

l i g h t  work and to  l e a d  a  q u i e t  norm al  l i f e .



TABJjE X I I I .  E f f e c t  on B .P .  o f  p a t i e n t s  w i t h  i i d d i s o n ’ s 

d i s e a s e  4 h o u r s  a f t e r  i n j e c t i o n  o f  5 mgm. 

D.O.O.A.

f  ho D.O.O.A. had been g iv e n  f o r  the  p r e v i o u s  

26 h o u r s .

Oase h o .  B e fo re  I n j e c t i o n  /  A f t e r  I n j e c t i o n .

1 92/60 88/64

2 116/78 114/68

3 96/52 98/58

4 98/70 98/70

6 98/68 98/68

7 118/78 118/78

9 106/56 106/54

12 114/60 114/62



FIG. 4 a .  The e f f e c t  o f  p r o lo n g e d  a d m i n i s t r a t i o n  o f  D.O.O.A.
on th e  B .P .  o f  p a t i e n t s  w i t h  A d d i s o n ' s  d i s e a s e .
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FIG. 4b.' Ike  e f f e c t  o f  prolonged adm inistration o f  D.O.C.xi 
on the B.P .  o f p a tie n ts  with Addison’ s d i s e a s e .
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A d m i n i s t r a t i o n  o f  D.O.O.A.

Three  d i f f e r e n t  methods a r e  a v a i l a b l e  f o r  the  t r e a tm e n t  

o f  A d d i so n ’ s d i s e a s e  w i t h  D.O.O.A. I t  may be g i v e n  su b c u t  -  

a n e o u s l y  o r  i n t r a m u s c u l a r l y  i n  a  s o l u t i o n  o f  a r a c h i s  o r  sesame 

o i l ,  o r  s t e r i l e  t a b l e t s  may be im p la h te d  s u b c u t a n e o u s l y .  O ra l  

a d m i n i s t r a t i o n  by s u b l i n g u a l  a b s o r p t i o n  i s  a more r e c e n t  

mode o f  a d m i n i s t r a t i o n .

P a r e n t e r a l  I n j e c t i o n .

While Loeb seems to have had s u c c e s s f u l  r e s u l t s  w i t h  

D.O.O.A. i n  the  t r e a t m e n t  o f  a  s e v e r e  c r i s i s  the  use  o f  t h i s  

s y n t h e t i c  s t e r o i d  has been  r e s e r v e d  i n  the  p r e s e n t  s t u d y ,  f o r  

m a in te n a n c e  and f o r  th e  t r e a t m e n t  o f  on-coming c r i s i s .  Any 

s e v e r e  c r i s i s  must i n  th e  w r i t e r ’ s e x p e r i e n c e ,  be t r e a t e d  w i t h  

a d r e n a l  c o r t e x  e x t r a c t ,  su pp lem en ted  by 20 p s a l i n e  and 5p 

d e x t r o s e  d r i p  i n f u s i o n s .

The m a in te n a n c e  r e q u i r e m e n t s  o f  D.O.O.A. v a r y  g r e a t l y  

i n  d i f f e r e n t  p e r s o n s .  The dose n e c e s s a r y  to  m a i n t a i n  the  

p a t i e n t s  i n  the  p r e s e n t  s t u d y  r a n g e d  from 5-20 mg. p e r  weeh, 

g i v e n  i n  s u b d i v i d e d  d o se s  a t  i n t e r v a l s  o f  from once to  t h r e e  

t im e s  a  weelc.

D u r in g  th e  p e r i o d  o f  a s s e s s i n g  t h e i r  r e q u i r e m e n t s  o f  

D .O .O .A . ,  p a t i e n t s  were u n d e r  c l o s e  o b s e r v a t i o n .  Serum sodium , 

p lasm a  p r o t e i n  and c h l o r i d e  e s t i m a t i o n s  were made a t  the  o u t s e t  

and p la sm a  p o ta s s iu m  d e t e r m i n a t i o n s  were i n  some i n s t a n c e s  

a l s o  made.  The d i e t  u s e d  was a norm al  one o f  a v e r a g e , s a l t  

c o n t e n t ,  and t h e  p a t i e n t s  were weighed  d a i l y . .  O b s e r v a t i o n s



were made from time to  time f o r  s igns  o f  ca rd iac  en largement, 

inc reased  venous p re s su re  ana oedema. The s ig n i f i c a n c e  of 

these  w i l l  be d iscussed  l a t e r .  A f t e r  s e t t l i n g  t h e i r  

maintenance requirement o f  D.O.O.A. , p a t i e n t s  were u su a l ly  

d ischarged  from h o s p i t a l  and a t ten d e d  r e g u la r ly  a t  the Out- 

P a t i e n t  Department f o r  i n j e c t i o n s  o f  D.O.O.A. Two o f  the 

p a t i e n t s  (3 ,  6} were t r a i n e d  in  the technique of s e l f 

a d m in i s t r a t i o n  in  a manner s im i la r  to th a t  used by d ia b e t i c  

p a t i e n t s  out one o f  them (case 3) tended to oe i r r e g u l a r  

in  h i s  s e l f  a d m in i s t r a t io n s .  The v i s c o s i t y  of  the o i ly

s o l u t io n s  adds to the d i f f i c u l t y  o f  in t ram uscu la r  i n j e c t i o n  

and on the whole the  au th o r  cons ide rs  th a t  the d isadvantages  

o f  s e l f  a d m in i s t r a t i o n  outweigh any advantage of  convenience.

The subcutaneous im p la n ta t io n  o f  p e l l e t s .' ♦
The method of  subcutaneous im p lan ta t io n  as  a  means of 

ad m in is t e r in g  hormones was f i r s t  employed by Deanesley and 

Parkes(1937)  and the  fo l low ing  y ea r  In g le  and Mason (1938) 

used t h i s  method to pro long the s u r v iv a l  pe r iod  o f  a d r e n a l 

ectomised r a t s *  In 1939 Thom e, Engel and Eisenberg 

desc r ib ed  t h i s  method of  t r e a t i n g  adrena lec tom ised  dogs 

and followed t h i s  work by s u c c e s s fu l ly  t r e a t i n g  6 p a t i e n t s  

w i th  Addison’ s d is e a se  w i th  D.O.O.A. p e l l e t s  implanted 

subcutaneously  (Thorn, Howard, Emerson and F i r o r  (1939))*. 

P e l l e t s  weighing from 50 to  150 mgm. and measuring 6 .5  mm. in  

d iam eter  by 2-6 mm. in  th ic k n ess  were in s e r t e d  subcutaneously  

in  the  i n f r a - s c a p u l a  r e g io n .  They caused no lo ca l  d iscomfort  

o r  r e a c t i o n  and provided a  cons tan t  supply of  hormone.



This was evidenced by the g a in  in  weight and marked in c rease  in  

blood p re s s u re  and by the maintenance o f  a  p o s i t i v e  sodium 

and c h lo r id e  balance .

Although the r a t e  o f  a b s o rp t io n  has been es t im ated  

as 0*25 -  0 .35  mgm. per  day from each t a b l e t  o f  50 -  150 mgm. 

the  amount which i s  aosorbed v a r i e s  w i th  each in d iv i d u a l .

From the r e s u l t s  so f a r  ob ta ined  in  the  p re se n t  s tudy the 

average d a i l y  a b s o rp t io n  -appears to be o f  the  o rder  o f  1 mgm. 

(0.74 -  1 .3  mgm.)

S ix  p a t i e n t s  have been t r e a t e d  by the  suoeutaneous 

im p lan ta t io n  o f  p e l l e t s  o f  100 mgm. D.O.O.A.; a summary o f  the  

amounts and d u ra t io n  o f  e f f e c t  i s  g iven below (Table XIV.)

The subcutaneous im p lan ta t io n  o f  D.O.G.A. in  the 
a u t h o r ’ s op in ion  i s  a s u c c e s s fu l  form o f  maintenance therapy

and in  the  cases  so f a r  t r e a t e d  no sudden c r i s i s  has ye t

a r i s e n .  The p a t i e n t s  as  a r u l e  r e p o r t  a t  the o u t - p a t i e n t

department once a month and when the a b s o rp t io n  o f  D.O.G.A.

d im in ishes  th e re  i s  adequate warning not  only  by symptoms of

a n o r e x ia ,  in c re a s in g  a s th e n ia  o r  n ausea ,  but a l s o  by the f a l l

i n  weight and blood p r e s s u r e .  On the  grounds of  convenience

and economy t h i s  method o f  t rea tm ent  i s  s u p e r io r  to

p a r e n t e r a l  a d m in i s t r a t i o n .



TABLE XIV. The amount and d u r a t i o n  o f  e f f e c t  o f

s u b c u ta n e o u s  i m p l a n t a t i o n  o f  p e l l e t s  o f  D.C.G 

i n  6 p a t i e n t s  w i t h  A dd iso n ’ s d i s e a s e .

Case Ho. S i t e  o f  T o t a l  Amount 
I m p la n t  mgm*

D u r a t i o n  o f  
e f f e c t . 

Tfeeks.

Average  R equ irem en t  
mgm./day.

2

3

9

12

13

Abdomen

I n f r a -  
s c a p u l a ,

Abdomen

Abdomen

Abdomen

Abdomen

Abdomen

200

600

100
100
100
200

100

5 c o n t i n u i n g

20 c o n t i n u i n g

5 c o n t i n u i n g

6 c o n t i n u i n g  

18

20

13 c o n t i n u i n g

0 . 7 4

1 .3 3

14 Abdomen

Abdomen

Abdomen

100

200

100

16

32

4 continuing

0 .8 3

0 . 8 3



S u b l in g u a l  a b s o rp t io n  o f  D.O.G.A.

The o r a l  in g e s t io n  of  t a b l e t s  o f  D.O.G.A. i s  without  

v a lu e .  Experimental  evidence by ICuizenga, Helsorx and Gart 

(1940 ) demonstrated t h a t  in  the r a t  the p a r e n t e r a l  rou te  

was 35 t imes more e f f e c t i v e  than the o r a l .  Loeb(1940) and 

Anderson, Haymaker and Henderson (1940) have shown th a t  in  

the t rea tm ent  o f  Addison’ s d isease  10 times the e f f e c t i v e  

subcutaneous dose when g iven  by mouth was unable to prevent  

the  onset  of  symptoms o f  a d ren a l  in s u f f i c i e n c y .

More r e c e n t ly  the sub l ingua l  method o f  a b s o rp t io n  has 

been a t tem p ted .  Good r e s u l t s  were r e p o r te d  on th i s  method by 

Anderson and co-workers (1940) who were ab le  to m a in ta in  

t h e i r  p a t i e n t s  on an average d a i ly  dose o f  5 mgm. g iven  in  

su b -d iv ided  doses .  The per iod  o f  t rea tm en t  extended from 

6-8 weeks and dur ing  t h i s  t h e i r  p a t i e n t s  were in  excel len t ,  

c o n d i t io n  and ao le  to c a r ry  on t h e i r  u su a l  occupa t ions .

Turnoff  and Howntree(1941) r ep o r ted  two cases  in  which the 

pe r io d  o f  t rea tm ent  was one month. They s t a t e d  th a t  t h e i r  

p a t i e n t s  gained w e igh t ,  and t h a t  the blood p ressu re  l e v e l s  

were m a in ta ined .

In the p re sen t  i n v e s t i g a t i o n  5 p a t i e n t s  w i th  Addison’ s 

d i s e a s e  were s tu d ie d .  They had a l l  been p rev io u s ly  mainta ined 

in  a s a t i s f a c t o r y  co n d i t io n  by D.O.G.A. g iven in t ram u scu la r ly  

in  doses  vary ing  from 5-15 mgm. per  week. At the onset  o f  the 

i n v e s t i g a t i o n  they were put on a normal d i e t  w ith  the a d d i t io n  

o f  e x t r a  s a l t  as i n d ic a t e d  in  the case r e p o r t s .  The s o l u t i o n  

used con ta ined  10 mgm. o f  D.O.G.A. d i s s o lv ed  in  1 cc .  of



propylene g ly c o l .  This was i s sued  to the p a t i e n t s  in  dropper 

b o t t l e s  so th a t  15 drops con ta ined  10 mgm. D.O.C.A. The 

p a t i e n t s  were i n s t r u c t e d  to p lace  5 drops under the tongue 

3 times a day one hour before  food and to r e t a i n  the drops 

f o r  a t  l e a s t  15 minutes ana then to ex p ec to ra te  or  swallow.

CASE RECORDS.

Oase Ho. 2.

S . S . ,  an engineer  aged 35, had been s u c c e s s fu l ly  t r e a t e d  

s ince  H o v . l s t ,  1940 w ith  5 mgm. D.O.G.A. 4 times a week w ith  

supplementary s a l t ,  1 te aspoonfu l  3 times a day. On the 12 th  Oct 

t rea tm ent  w i th  D.O.G.A, was stopped fo r  3 days fol lowing which 

he complained o f  g e n e ra l  weakness and could walk only about BOO 

y d s . ,  before  f e e l i n g  very b r e a t h l e s s  and weak in  the l e g s .  Gosto 

lumbar ten d e rn ess  was w ell  marked in  the r i g h t  s id e .  On 16th 

A p r i l  he began trea tm ent  w i th  D.O.G.A. i n  propylene g lyco l  and 

was i n s t r u c t e d  to take 5 drops 3 times a day (= 10 mgm. d a i l y )  and 

to  con t inue  h i s  supplementary s a l t .  The fo l low ing  day he f e l t  

s t r o n g e r  in  the legs  and in  3 days though h i s  B.P. had f a l l e n  

from 116/78 to 112/70 he r e p o r te d  gene ra l  improvement. A f te r  

a  week o f  t rea tm en t  he s t a t e d  tha t  he was no worse and th a t  he 

had no s i c k n e s s ,  but h i s  B.P.  had f a l l e n  to 108/70. At the end 

o f  the second week he complained o f  lack  o f  energy, pa in  in  the 

j o i n t s ,  and f requen t  headache. He had had 1 a t t a c k  o f  abdominal 

p a in  but th e re  was no vomiting o r  d ia r rh o e a .  A t  t h i s  time h i s  

B .P .  was 108/60. A f te r  16 days*of t rea tm ent  he rep o r ted  numerous 

a t t a c k s  o f  abdominal pa in  and f a i r l y  cons tan t  nausea.  His 

a p p e t i t e  had d im in ished ,  and he d id  not f e e l  In c l in e d  to ea t



any th ing .  He was ju s t  as tired, as he had. been a t  the beginning 

o f  the t r ea tm en t .  Because o f  the weakness,, he had f e l t  i t  an 

e f f o r t  to move abou t ,  and when he d id  so, he f e l t  h i s  h e a r t  

thumping. The fo l lowing day he had a very acute  a t t a c k  o f  

e p i g a s t r i c  pa in  accompanied by d ia r rh o e a ;  he stumbled f re q u en t ly  

and was only ab le  to walk a very  shor t  d i s t a n c e ,  during which he 

f e l t  d izzy  and dragged h i s  l e f t  fo o t ;  h i s  B.P. was now 102/70.

By the 19th day th e re  was evidence of impending c r i s i s .  He had 

l o s t  5-jr l b s .  in  w eigh t ,  h i s  serum sodium was 280 mg.$,. plasma 

potassium 23 mgm,/> and h i s  B.P. had f a l l e n  to 96/70. Treatment 

was stopped and he was given 10 mgm. ^ . 0 . 0 . A. i . m . i .  a t  once.

A f te r  th ree  d a i l y  i n j e c t i o n s  of  10 mgm, D.O.O.A. he 

was co n s id e rab ly  improved, and h i s  blood p ressu re  rose  to 110/72, 

t h e r e a f t e r  s a t i s f a c t o r y  t rea tm ent  was cont inued w ith  5 mgm.D.O.C.At
4 times a week.

Case Ho. 4 .

S .W ., a farm er ,  aged 32, had been s u c c e s s fu l ly  maintained 

s in ce  Dec. 1940 on a normal d i e t  w ith  supplementary s a l t  mixture 

15 gm. d a i ly  and 10 mgm. D.O.G.A. i . m . i .  every 4 days. He was 

ab le  to lead  a normal q u ie t  l i f e  but a t tempted no work as he 

d id  not f e e l  capable of  muscular e x e r t io n .  He had no g a s t r o 

i n t e s t i n a l  d i s tu rb a n c e ,  no headaches or  d i z z i n e s s ,  and h i s  

weight remained s te ad y .  There was s t i l l  marked p igmenta t ion  

o f  sk in  and mucous membrane and b i l a t e r a l  c o s to —lumbar ten d e rn ess .  

His B.P. was 94/76 and serum sodium 359 mg.;b

On A p r i l  11 th ,  1941 he began t r i a l  t rea tm ent  w i th  D.O.C.A.



in  propylene g ly c o l  5 drops 3 times a day (« 10 mgm. d a i ly )  

and was m ainta ined  on a normal d i e t  w ith  h i s  u sua l  amount o f  

suppElementary s a l t  m ix tu re .  During the  f i r s t  week o f  t rea tm ent  

he was kept in  bed. . At the end o f  the week he f e l t  ju s t  as w e l l  

as  when a t  home, had no complaint o f  s ic k n ess  or  diarrjhoea and h is  

B.P. was 100/68. On A pr i l  18th he was i n s t r u c t e d  to walk 

about as much as he did at  home and the fo l lowing day he repo r ted  

th a t  he was very  w e l l ;  h i s  B.P. was 98/70. On 20th A pri l  he 

complained o f  sore t h r o a t  and as  h i s  temperature was 1O10, he 

was given  1 gm. sulphanilamide by mo.uth* During the day he 

vomited 3 times and the fo l low ing  morning h i s  temperature was lOZdP 

h i s  th r o a t  was inflamed and the dose o f  sulphonamide was r e p e a te d .  

Throughout the day d e s p i te  4 hourly  doses o f  -g- gm. sulphanilamide 

th e re  was very  l i t t l e  change in  h i s  c o n d i t io n  and h is  temperature  

remained u n a l t e r e d .  By 7.15 p.m. he was very  exhausted and h i s  

B.P. had f a l l e n  to 55/40. I t  was evident a c r i s i s  was imminent 

and su b l in g u a l  the rapy  was stopped.

D esp i te  e n e rg e t ic  t rea tm en t  w i th  c o r t i c a l  e x t r a c t  and 

in t ravenous  in f u s io n s  o f  10$ g lucose  in  5$ s a l i n e  h i s  c o n d i t io n  

d id  not  improve and a t  7.0 p.m. the fo l lowing evening he sank in to  

coma and died th re e  hours l a t e r  w ithout  reg a in in g  consc iousness .  

Gase Ho. 6.

D.G.,  housewife ,  aged 37 had cont inued  t rea tm ent  s ince  

4 th  Oct .  1941. on a normal d i e t  w i th  supplementary s a l t  mixture 

15 gm. . d a i l y , and 10 mgm. D.O.G.A. weekly. She f e l t  very  w e l l ,

but o c c a s io n a l ly  was unsteady in  her  g a i t .  There was s l i g h t



oedema on her  lower e y e l id s  and her  B.P. was 118/76. Her serum 

sodium was 335 mg.$, serum c h lo r id e s  650 mg.$ and plasma 

potassium 18 mg.^i. On 15th Oct. 1941 she began trea tment on 

normal d i e t  w i th  the u su a l  supplementary s a l t  mixture 15 mgm. 

d a i ly  and D.O.C.A. in  propylene g lyco l  5 drops 3 times a day 

(« 10 mgm. d a i l y ) .  During the next 5 days she was able to 

con t inue  w ith  her  housework and f e l t  q u i te  normal.  But on 

20th  Hov. she f a in t e d  while  doing some housework and though she 

recove red  'she had f requen t  a t t a c k s  o f  d iz z in e s s  throughout the 

fo l low ing  day. On 22nd Hov. she cont inued to perform l i g h t  

d u t i e s  but f e l t  very  weak and unsteady on her  leg s  and d id  not 

f e e l  conf iden t  about going out in to  the s t r e e t  a lone .  She had 

no g a s t r o - i n t e s t i n a l  d is tu rb an ces  and the re  was no evidence of  

oedema; her  B.P. was 126/72, serum sodium 345.7 mg. $ ,  c h lo r id e s  

702 mg. $  and plasma potassium 20.75 mg.$. She was persuaded to  

con t inue  t rea tm en t  and to  r e s t r i c t  her  a c t i v i t i e s .  On 29th 

Hov. she complained o f  p r e c o r d i a l  pa in  and repea ted  a t t a c k s  of  

f a i n t i n g .  Her a s th e n ia  had g r e a t l y  inc reased  and she had been 

unable  to do any housework, o r  even to walk u p s t a i r s .  There 

was no evidence o f  any oedema in  the fac.e, abdomen or a n k le s .  

P igm enta t ion  was more marked on the f l e x o r  jo in t  su r fa ce s  of  

the  f in g e r s  and on the  back o f  her  neck. Her B.P. was 124/72 

and X-ra,y o f  the  ch es t  showed no ca rd iac  enlargement.  3 days
!

l a t e r  she a r r iv e d  by ambulance a t  the O u t-P a t ien t  Department feel ins 

very  s ic k  and f a i n t .  S ince 30th  Nov. she had been unable to 

walk and had f a i n t e d  many t im es;  she had not even the s t r e n g t h



to take a ba th .  There was no evidence of  oedema, p igmenta t ion 

was u n a l t e r e d ,  and h e r  B.P. was s t i l l  124/72. During 

examination she was unaole to s tand  and had to l i e  down most 

o f  the time. Her serum sodium was 367.5 mg.£S; c h lo r id e s  640 ng.$ 

and plasma potassium 25.7 mg.$. S ub l ingua l  therapy was stopped 

and she was g iven immediately 10 cc .  eucortone and 5 mg. D.O.G.A. 

i . m. x.
*

There was c o n s id e rab le  improvement 2 days l a t e r .  She had 

had no f u r t h e r  f a i n t i n g  a t t a c k s  ana though she was s t i l l  s l i g h t l y  

dyspnoeic on walking she was able to do l i g h t  d u t i e s .  She- 

was put on trea tm ent  w ith  D.O.G.A.- 5 mg. twice weekly and 

r e p o r t e d  in  a week th a t  she was able to c a r ry  out a l l  he r  

household d u t ie s  without  any symptoms.

Gase Ho. 7.
G .E . ,  t y p i s t ,  aged 33 had been mainta ined s ince  15th J u ly  

1939 on a normal d i e t  w ith  no supplementary s a l t  and with  

D.O.G.A. 5 mg. i . m . i .  3 times a week. ^ p a r t  from occas iona l  

i n d ig e s t i o n  she had ho g a s t r o - i n t e s t i n a l  d i s tu rb a n c e s .  

P igm enta t ion  was w e l l  marked with s e v e ra l  l o c a l i s e d  pa tches  of  

da rke r  pigment on the l e f t  s ide  of  h e r  f ace .  Though she d id  

not f e e l ‘very s t r o n g ,  she was able to c a r ry  out l i g h t  d u t i e s  in  

the house and she normally r e s t e d  in  bed during  the morning.

Costo-lumbar tenderness  was p resen t  on the r i g h t  s ide  and her

B.P. was 110/70.

On 11th A p r i l ,  1941 she began trea tm ent  on a normal d i e t  

w ith  no supplementary s a l t  and w ith  D.O.G.A. in  propylene g lyco l



5 drops 3 times a day (e 10 mgm. d a i l y ) .  A f te r  th ree  days she 

complained o f  being very t i r e d  and l i s t l e s s  though she was s t i l l  

ab le  to  walk about as  u su a l ;  her  B.P. had f a l l e n  to  108/62. She 

experienced s l i g h t  nausea a f t e r  tak ing  the d rops ,  but was 

persuaded to co n t in u e .  On 16th A p r i l  she was much b r i g h t e r  and 

sa id  she f e l t  as  w e l l  as when she had D.O.G.A. by in j e c t i o n  and 

her  B.P .  was 110/70. Two days l a t e r ,  however, she again  

complained o f  being very t i r e d  and was r e s t l e s s  a t  n i g h t .  By 

t h i s  time she had no d i f f i c u l t y  in  tak in g  the  d rops .  On 23rd 

A p r i l  the  onset  o f  nausea and in d ig e s t i o n  was accompanied by 

inc reased  a s th e n ia  and she had to spend most o f  the day in  bed;

h e r  B .P .  was 106/70. Three days l a t e r  she was unable to walk

about but th e re  was no f u r t h e r  inc reased  a s th e n ia  and her B.P. 

was 106/64. On 30th  A p r i l  though the nausea and in d ig e s t i o n  

p e r s i s t e d ,  th e re  was no vomiting or  d ia r rh o ea  but she complained 

o f  in c re a s in g  bouts  o f  yawning and d id  not s le ep  a t  a l l  w e l l .

Her B .P .  was 102/68 and she spent most o f  the time in  bed. Two 

days l a t e r ,  a f t e r  2 l  days ’ t r e a tm e n t ,  th e re  was inc reased  

a s t h e n i a ,  p igm enta t ion  was unchanged and her  B .P .  was 102/64. 

Treatment was stopped and she began her  former p a r e n t e r a l  

t rea tm en t  w i th  D.O.G.A.

On 4 th  May she was a ole to  go downsta irs  and c a r ry  out

l i g h t  d u t i e s ;  her  B .P .  had r i s e n  to 110/66.



C a s e  N o .  9 .

A . C . ,  a  h o u s e w i f e ,  aged 40 y e a r s  had been  s u c c e s s f u l l y  

m a i n t a i n e d  on D.0.G,.A. 5 mgm. i n t r a m u s c u l a r l y  t h r e e  t im es  a week 

hnd s a l t  m ix tu r e  15 gm, d a i l y  s i n c e  O c to be r  1942. She had no 

g a s t r o - i n t e s t i n a l  d i s t u r b a n c e  and was a b le  to w a lk  a b o u t  and do i 

no rm al  l i g h t  h o u s e h o ld  d u t i e s .  Her s k i n  was d e e p l y  p igmented  

and h e r  B.P. was 1 1 0 /7 6 .  On 5 t h  December she began t r e a t m e n t  

w i t h  D.O.G.A. i n  p r o p y le n e  g l y c o l  and was i n s t r u c t e d  to  t a k e  6 drop^ 

e v e r y  s i x  h o u r s  (= 12 mgm. D.O.G.A. d a i l y )  and to  c o n t i n u e  

s u p p le m e n ta r y  s a l t  a s  u s u a l .  A f t e r  3 days  t r e a t m e n t  t h e r e  was 

no change i n  h e r  g e n e r a l  c o n d i t i o n  n o r  i n  h e r  B . P . ,  b u t  on th e  

1 0 t h  December she com p la in ed  o f  n a u s e a  and weakness i n  the  l e g s  

and arms and h e r  B .P .  was 9 6 /6 0 .  By the  1 2 t h  December the  I

n a u s e a  p e r s i s t e d  and she com pla ined  o f  b e in g  q u i t e  u s e l e s s ;  h e r  

B .P .  wa& 1 0 2 /6 4 .  A f t e r  some p e r s u a s i o n  she c o n t i n u e d  the  t h e r a p y  

f o r  two days bu t  by the  14 th  December she was v e r y  d e p r e s s e d  and 

on a c c o u n t  o f  th e  n a u s e a  she had e a t e n  v e r y  l i t t l e  fo o d ;  h e r  l e g s

and arms were v e r y  weak and she c o u ld  o n ly  w a lk  a  few y a r d s ,  h e r  !

B .P .  had rem a in ed  a t  1 0 2 /6 4 .  D e s p i t e  the  s h o r t  p e r i o d  o f  the  

t r i a l ,  i t  was o b v io u s  t h a t  th e  dose  o f  12 mgm. D.O.G.A. d a i l y  was .

n o t  s u f f i c i e n t  f o r  m a in te n a n c e  and the  t e s t  was d i s c o n t i n u e d .  5'
j

A f t e r  5 days o f  t r e a t m e n t  w i t h  D.O.O.A. 5 mgm. i . m .  e v e r y
S I

second  day she went a b o u t  as  u s u a l  and h e r  B .P .  had r i s e n  to  |j

1 1 4 /7 0 .  She was b r i g h t  and c h e e r f u l  and by th e  2 8 th  December h e r  |j

B .P .  was 1 2 2 /7 2 .  When l a s t  s e e n  i n  S epteraber  1943 she was b e in g

w e l l  m a i n t a i n e d  on D.O.O.A. 5 m g m .  i n t r a m u s c u l a r l y  tw ice  w eek ly .



Gbmment.

Whereas the  t rea tm en t  o f  d ia b e te s  m e l l i t u s  may be 

c o n t r o l l e d  by determining the  sugar content  o f  the  blood and 

u r i n e ,  no such simple c r i t e r i o n  i s  a v a i l a b le  f o r  a s se s s in g  the 

r e s u l t s  o f  any t rea tm en t  o f  Addison1s d i s e a s e .  On t h i s  account 

the  response o f  p a t i e n t s  w i th  Addison1s d isease  to  sub l ingua l  , 

the rapy  i s  judged c h i e f l y  by changes in  w el l  be ing ,  body weight 

and blood p r e s s u re .  ^s  i s  ev ident  from the case r e p o r t s  t h i s  

method o f  a d m in i s t r a t io n  o f  D.O.O.A. has not produced the good 

e f f e c t s  r e p o r te d  in  America. There i s  appa ren t ly  some a b s o rp t io n  

o f  D.O.G.A. by t h i s  ro u te  but the amount i s  not s u f f i c i e n t  fo r  

normal maintenance,  in' s p i t e  o f  the  g r e a t e r  d a i ly  dose. Although 

Dunlop(1943) has r e c e n t ly  r ep o r ted  much b e t t e r  e f f e c t s  with 

s u b l a b i a l  p e l l e t s  o f  D.O.C.A., th e re  i s  no doubt th a t  from the 

p o in t  o f  view of  d e p e n d a b i l i ty  and economy su b l in g u a l  therapy i s  

much l e s s  s a t i s f a c t o r y  than e i t h e r  p a r e n t e r a l  a d m in is t r a t io n  or 

im plan ta t  ion .

Gom plica t ions  o f  D.O.G.A. Therapy.

Although D.O.G.A. the rapy  has proved to be exceedingly 

v a l u a b le ,  i t s  use i s  not devoid o f  danger and numerous r e p o r t s  

have been pub l ished  o f  mild and severe com plica t ions  following 

t rea tm en t  w ith  D.O.G.A. by p a r e n ^ t e r a l  a d m in i s t r a t io n .

Hypert ens ion .

In 1941 Loeb re p o r ted  th a t  h igh  blood p ressu re  ranging 

from 146/108 to 175/100 had a r i s e n  in  some of h i s  p a t i e n t s  

fo l low ing  t rea tm en t  w ith  D.O.G.A. Roth and her  co l leagues  (1941) 

suggested  th a t  i t  might be d e s i r a o l e  to  keep in  mind the p o s s i b i l i t y



o f  the development o f  hyper tens ion  on prolonged t rea tm ent  w ith  

D.O.G.A. They showed th a t  in  10 p a t i e n t s  w ith  ixddisonTs 

d i s e a s e ,  who were t r e a t e d  w ith  D.O.C.A. suocutaneously  during 

a per iod  up to  9 months both s y s t o l i c  and d i a s t o l i c  l e v e l s  

were r a i s e d  and the response to the cold  p re s so r  t e s t  was 

in c re a s e d .  Indeed the  response to t h i s  t e s t  became g r e a t e r  

as  t rea tm ent  was pro longed.  I t  was not known, however, 

whether any of  these  p a t i e n t s  nad hyper tens ive  d ise ase  before 

the onset o f  Addison1s, d i s e a s e .

In the  p re sen t  study the h ig h e s t  B.P. records  have 

been 148/96(Case 3) and l30 / l04(Case  6 ) .

Oedema.

In 1939 F e r re b ee ,  Ragan, A tchley and Loeb descr ibed  the 

onset o f  oedema in  15 out o f  18 p a t i e n t s  whom they t r e a t e d  

w i th  subcutaneous i n j e c t i o n s  o f  D.O.G.A. The oedema v a r ie d  

from t r a n s i e n t  p u f f in e s s  o f  the face or ankles  to  massive 

an a sa rc a .  Five o f  the  p a t i e n t s  complained of t i g h t n e s s  of  

the chest  and r e s p i r a t o r y  d i s t r e s s .  In  these p a t i e n t s  th e re  

was an in c re a se  o f  venous p re s s u re ,  a decrease  in  v i t a l  

c a p a c i ty  a s s o c ia te d  w ith  X-ray evidence of pulmonary conges t ion  

and d i l a t a t i o n  o f  the h e a r t  to the r i g h t  s id e .  The au thors  

were unable to ex p la in  the mechanism o f  the development o f  

t h i s  c a rd ia c  i n s u f f i c i e n c y  but were in c l in e d  to  a t t r i b u t e  

i t  to  an inc rease  in  plasma volume and a decrease  in  the 

serum potassium l e v e l .  Mc.Gavack ( 194& ) noted the occurrence 

o f  c a rd iac  enlargement when p a t i e n t s  were t r e a t e d  w i th  D.O.G.A. 

and s a l t  and though he d id  not seek an ex p lana t ion  of  the



ca rd iac  enlargement,  he e lab o ra ted  a method of c o n t r o l l i n g  

t rea tm en t  w ith  D.O.Q.A. accord ing  to  the  c a rd io - th o r a c ic  r a t i o .  

In the  op in ion  of n u n lo p (1943) the development of  oedema can 

be regarded as an i n d i c a t io n  of  the ab so rp t io n  of  D.O.G.A..

I t  i s  i n t e r e s t i n g  to  no te  however, tha t  o f  12 p a t i e n t s  who 

r e c e iv e d  t rea tm ent  w ith  D.O.G.A. in  the p resen t  study only 1 

(Gase 6) developed oedema.

Qase 6.

D .G.,  housewife ,  aged 37, was adm itted  to the Royal 

I n f i rm a ry ,  Aug. 9 th ,  1941 with  a h i s t o r y  of  dyspnoea, f a in t i n g  

a t t a c k s ,  a s t h e n i a ,  p igm enta t ion  and hypotension o f  8 months1 

d u r a t io n .  Addison1s d isease  was diagnosed and on Aug. 15th 

she was put on t rea tm en t  w ith  s a l t  m ixture 15 gm. d a i l y .  ^ t  

the  onset of  t rea tm en t  serum sodium was £82 mg.$, c h lo r id e  

701 mgm./, haemoconc. 45/'. There was no h i s to ry  or evidence of 

oedema and the  h e a r t  was not en la rged .  A f te r  6 days of  s a l t  

t rea tm en t  during which the a s th e n ia  had inc reased  and the B.P. 

had f a l l e n ,  he r  serum sodium had been r a i s e d  to normal le v e l  

and plasma c h lo r id e s  had inc reased  to  860 mgm./. She was 

then  given in  a d d i t i o n  D.O.G.A. 5 mgm. i . m . i .  twice d a i ly .

Three days l a t e r  she developed oedema of  the face and ankles  

and her  body weight in c re ased  by four  lb s .  Her B.P. was 9£/64. 

Five days a f t e r  the  beginning of  D.O.G.A. t rea tm ent  she 

complained of  t i g h t n e s s  in  the c h e s t ,  a t t a c k s  of  dyspnoea, 

she f e l t  very  t h i r s t y  and she had a l s o  some d ia r rh o e a .  Massive 

oedema o f  the  .face, ank les  and abdomen had developed and th e re



Was e v id e n ce  o f  marked r e s p i r a t o r y  d i s t r e s s ;  h e r  B .P .  was

1 0 - / 6 8 .  At the  t im e  o f  e x a m in a t io n  i t  was th ou g h t  t h a t  she

h i d  bn a l l e r g i c  r e a c t i o n  to D . O . G . A .  jJid in  view o f  th e  d anger  

o f  c r i s i s  D . C . G . , , i .  was s t o p p e d ,  and she was g iv e n  im m e d ia te ly

10 c c .  E u co r to n e  i . m . i .  She r e c o v e r e d  i n  a bou t  5 h ou rs  and 

though s t i l l  d y sp n o e ic  was v e ry  much improved,, In  v iew o f  the  

d r a m a t i c  o n s e t  o f  t h i s  oedema the  c h e s t  was X - ra y e d  f o r  any 

p o s s i b l e  pulmonary  c a u s e .  The r a d io g r a m  showed some c a r d i a c  

e n la r g e m e n t  to  the  l e f t ,  b u t  no pulmonary  l e s i o n .  The s a l t  

m ix tu r e  was s to p p e d  and i n  v iew tff the  i n i t i a l - h i g h  b loo d  chloride 

i t  was d e c id e d  to pu-t h e r  on a  s t a n d a r d  d i e t  and r e c o r d  the  

i n t a k e  and o u tp u t  o f  f l u i d  and the  u r i n a r y  e x c r e t i o n  o f  

sodium md c h l o r i d e .  On S e p t .  4 t h  t r e a t m e n t  w i t h  D.O.G.A.

5 mgm. i . m . i ,  tw ice  d a i l y  was c o n t i n u e d  f o r  4 days w i t h o u t  

any e v id e n c e  o f  oedema. A f t e r  1 day o f  a d d i t i o n a l  s a l t  

m ix t u r e  h e r  f a c e  began to s w e l l  and t h e r e  was some p i t t i n g  

o f  th e  a n k le s  on p r e s s u r e .  She com pla ined  a l s o  o f  i n c r e a s i n g  

d y sp n o e a .  Her c h e s t  was X - ra y e d  but  showed no e v id e n ce  o f  

c a r d i a c  e n la rg e m e n t  o r  pulmonary  c o n g e s t i o n .  D u r ing  the  n e x t  

t h r e e  days  t h e r e  was g e n e r a l  i n c r e a s e  i n  oedema, and h e r  B.P. 

had r e a c h e d  the  h ig h  l e v e l  o f  1 4 6 /92 .  I t  seemed e v i d e n t  a t  

t h i s  p o i n t  t h a t  D.O.O.A. and s a l t  m ix tu r e  t o g e t h e r  p rod u ced  that 

c o n d i t i o n  and t h a t  n e i t h e r  on s a l t  a lo n e  n o r  on D.O.G.A. a lo n e  

d id  she d e v e lo p  oedema. On S e p t .  16 th  she was p u t  on s a l t  

m ix tu r e  a lo ne  and a f t e r  4 d a y s 1 t r e a t m e n t  th e  oedem had 

d i s a p p e a r e d  from h e r  a n k le s  and abdomen, bu t  she c o m p la in ed  o f  

i n c r e a s e d  a s t h e n i a .  On 2 4 th  S e p t .  t r e a t m e n t  w i t h  D .C .0 .1 .



Wcib recommenced and tne  oedema a g a m  d e v e lo p e d .  Again  t h e r e  

was no e v id e n c e  o f  c a r d i a c  e n la rg e m e n t  o r  pulmonary  c o n g e s t i o n  

and on 1 s t  O c t .  t h i s  t r e a t m e n t  was s to p p e d .  A f t e r  two d a i l y  

i n j e c t i o n s  o f  H ueor tone  the  oedema d i s a p p e a r e d  and h e r  g e n e r a l  

c o n d i t i o n  im proved .

Comment.

The r e l a t i o n s h i p  o f  f l u i d  o u t p u t  to  the deve lopm ent  o f  

oedema i n  the  f i r s t  phase  o f  t r e a t m e n t  i s  shown i n  F i g .  5$ ,  5b,  

I t  w i l l  be s e e n  t h a t  on s a l t  m ix t u r e  a lo n e  the  o u t p u t  v a r i e d  

b e tw een  EC and 40 ounces  p e r  d a y .  There was some a p p r e c i a b l e

a b s o r p t i o n  o f  c h l o r i d e  and sodium as the  b lo o d  l e v e l s  i n c r e a s e d  

t o  820 mg.P and. 338 mg.A r e s p e c t i v e l y .  With the  i n s t i t u t i o n  

o f  D.O.C.A. t h e r a n y  r e t e n t i o n  o f  w a t e r  hegan  on Aug. 23rd bu t  

oedema was n o t  m a n i f e s t  t i l l  2 days  l a t e r .  As soon  as  the

s a l t  m ix t u r e  was d i s c o n t i n u e d  the  o u t p u t  o f  f l u i d  i n c r e a s e d  and 

w i t h  i t  the  oedema s u b s id e d  so t h a t  by the  3 0 th  August  t h e r e  wa 

a  norm al  o y t p u t  o f  40 ounces p e r  day and o n ly  s l i g h t  r e s i d u a l  

oedema i n  the  a n k l e s .

When c o n t r o l l e d  o b s e r v a t i o n s  on u r i n a r y  e x c r e t i o n  o f

c h l o r i d e  and sodium were commenced on S e p t .  4 t h  t h e r e  was a

d a i l y  o u t p u t  o f  1 , 3  gm. IIa and 1 .4  gm. 0 1 ;  D.O.C.A. w a s - th e

o n ly  t h e r a p y  employed a t  th e  t im e .  With the  a d d i t i o n  o f

s u p p l e m e n ta r y  s a l t  on S e p t ,  8 t h ,  as  was to  be e x p e c t e d ,  t h e r e

was an immedia te  i n c r e a s e  i n  C l  and Ha o u t p u t ,  b u t  on 9 t h  

S e p t .  e v id e n c e  o f  oedema was n o t e d  i n  th e  a n k le s  and by the
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12th  massive oedema of  the face had developed which co inc ided  

w ith  a decrease  i n .b o t h  01 and Ha output* For some reason  not 

y e t  apparen t  the ou tput  rose  aga in  and by the 14th S e p t .  had 

reached a h ighe r  l e v e l .  The fo l lowing  ds.y the ion output f e l l*

A f u r t h e r  pe r iod  of t rea tm ent  with  s a l t  mixture alone 

began on 16th S e p t .  and D.O.G.A. was given on 24th S e p t . ,  

c h lo r id e  r e t e n t i o n  was p a r t i c u l a r l y  obvious^ from the 25th 

onwards when oedema p r o g re s s iv e ly  developed reaching  i t s  maximum 

on 29th S e p t .  Owing to the d i s t r e s s  o f  the p a t i e n t  f u r th e r  

o b se rv a t io n s  had to be abandoned.

The e v id e n c e  p r e s e n t e d  by t h i s  i n v e s t i g a t i o n  s u g g e s t s  t h a t  

th e  oedema which  d e v e lo p e d  when D.O.G.A. and s a l t  m ix tu r e  were 

g i v e n  t o g e t h e r  was due to  the  abnormal r e t e n t i o n  o f  c h l o r i d e  w i t h

subsequent water  r e t e n t i o n .  I t  would appear th a t  the Cl 

r e t e n t i o n  in  the t i s s u e s  reached a maximum p o in t  a f t e r  which the 

output began to approach the normal l e v e l .  Do o the r  p a t i e n t s

r e a c te d  in  t h i s  way to D.O.G.A.; Case 2 has never  shown any
s ig n s  of  oedema in  s p i t e  of  a dose of  40 mg. per week. One

$
of  the de termining  causes  o f  the onset  o f  oedema would appear 

to be the i n i t i a l  blood Cl l e v e l  of  the p a t i e n t .  There i s  no 

evidence t h a t  D.O.G.A. has a tox ic  a c t io n  on card iac  muscle.

Adfy n a m ia .

Loeb (1940) desc r ib ed  the onset  of  p e r io d ic  p a r a l y s i s  

a s s o c ia t e d  w ith  a decrease  i n  blood potassium as a r e s u l t  of  

l a rg e  doses o f  D.O.G.A.* He s t a t e d  th a t  the p a r a l y s i s  was 

r e l i e v e d  by the a d m in i s t r a t io n  o f  potassium c h lo r id e  and



s u g g e s t e d  t h a t  the  o n s e t  o f  sudden  weakness i n  p a t i e n t s  t r e a t e d  

w i t h  the  s y n t h e t i c  hormone m igh t  have a  s i m i l a r  b a s i s .

The e x p e r i e n c e  o f  Hampton and K e p l e r  (1941)  a l r e a d y - m e n t i o n e d  

l e n d s  s u p p o r t  to  t h i s .  I n  t h e i r  c . i s e s  the  d i s t u r b a n c e  was... 

p ro du ced  by s m a l l e r  d o se s  o f  D.O.G.A,. i n  c o m b in a t io n  w i t h  a 

low p o t a s s i u m  d i e t .

P lasma p o ta s s iu m  e s t i m a t i o n s  have been  made i n  the  

p r e s e n t  s e r i e s  o f  p a t i e n t s  th r o u g h o u t  t h e i r  t r e a t m e n t  b u t  i n  

no i n s t a n c e  has  t h e r e  been d e t e c t e d  any f a l l  below the  normal 

l i m i t s .  Even Case  2 who was r e c e i v i n g  10 mg. f o u r  t im e s  a  week 

and who c o m p la in ed  of m u s c u la r  w eakness  i n  h i s  l e g s ,  so much so 

t h a t  he f r e q u e n t l y  s tu m b le d ,  m a i n t a i n e d  a  no rm a l  plasma 

p o ta s s i u m  l e v e l .

P r o b a b l y  th e  f a i l u r e  to  r e l i e v e  m u sc u la r  weakness i s

t h e  a b se n c e  .in D.O.G.A. o f  a f a c t o r  to  c o n t r o l  adynamia;  a s  has

a l r e a d y  been  shown the  s y n t h e t i c  hormone does n o t  p roduce  a l l  

t h e  e f f e c t s  o f  a d r e n a l  c o r t e x  e x t r a c t .  *

G o n e l u s i o n s .
» ■

The fo l low ing  scheme fo r  the t rea tm en t  of  Addison1s 

d ise ase  i s  recommended by the au thor .

1. The p a t i e n t  i n  a  s t a t e  o f  a c u t e  a d r e n a l  i n s u f f i c i e n c y

o r  c r i s i s .

T rea tm en t  i s  u r g e n t  and must be i n s t i t u t e d  w i t h o u t  d e l a y .  

I n t r a v e n o u s  i n f u s i o n  o f  1.0 fo s a l i n e  and 5% d e x t r o s e  i s  commenced 

and c o n t i n u e d  t i l l  th e  p a t i e n t  i s  a b l e  to  s i t  up and swallow

f l u i d s .  As much as  3 p i n t s  o f  f l u i d s  may be r e q u i r e d  i n  24 h o u rs ,



c o r t i c a l  e x t r a c t  i s  b e s t  g iv e n  i n  r e p e a t e d  d o se s  r a t h e r  t h a n  in  

one s i n g l e  dose  d a i l y .  Not l e s s  t h a n  10 c c .  sh o u ld  be g iv e n  

a t  one t im e  and i n  th e  e a r l y  s t a g e s  o f  t r e a t m e n t  t h i s  sh o u ld  be 

a d m i n i s t e r e d  i n t r a v e n o u s l y .  I t  may be n e c e s s a r y  to  u se  from 

30-100 c c .  d a i l y .  A f t e r  the  p a t i e n t  r e s p o n d s  s a t i s f a c t o r i l y  c o r t i  

- c a l  e x t r a c t  may th e n  be g iv e n  i n t r a m u s c u l a r l y i n  d o se s  o f  10 c c .  

e v e r y  f o u r  h o u r s .  At the  end o f  48 h o u r s  i t  sh o u ld  be p o s s i b l e  

t o  m a i n t a i n  the  p a t i e n t  on s a l t  m ix t u r e  by mouth and c o r t i c a l  

e x t r a c t  10 c c .  once or  tw ice  d a i l y  by i n t r a m u s c u l a r  i n j e c t i o n .  

T h e r e a f t e r  D.O.G.A. may be employed i n  d o ses  o f  110 mg. i n t r a 

m u s c u l a r l y  d a i l y  due p r e c a u t i o n  be ing  tak e n  w i t h  r e g a r d  to  the. 

o n s e t  o f  oedema, t i l l  the  m a in te n a n c e  l e v e l  i s  a s c e r t a i n e d .

Any r e l a p s e  s h o u ld  be. im m e d ia te ly  t r e a t e d  by i n t r a m u s c u l a r  or  

i n t r a v e n o u s  c o r t i c a l  e x t r a c t .  I t  must be em phas ised  t h a t  i n  

the s t a t e  o f  c r i s i s  t h e r e  i s  no dan g e r  o f  the  p a t i e n t  be ing  

o v e r t r e a t e d  and c o n s t a n t  n u r s i n g  a t t e n t i o n  i s  e s s e n t i a l .

2 .  The p a t i e n t  i n  a  s t a t e  o f  c h r o n i c  a d r e n a l  i n s u f f i c i e n c y .

There i s  no h a r d  and f a s t  r u l e  for the  t r e a t m e n t  o f  the  

p a t ' i e n t  in. t h e  s t a g e  o f  c h r o n i c i t y .  Some p a t i e n t s  may p r o g r e s s  

s a t i s f a c t o r i l y  on a  s u p p le m e n ta r y  d a i l y  dose o f  10-15 gms. of  

s a l t  or s a l t  m i x t u r e .  as a r u l e  t h e r e  comes a  t ime when the  

p a t i e n t  r e q u i r e s  r e p l a c e m e n t  t h e r a p y  and f o r  t h i s  p u rpose  D.O.GAA. 

i s  the  d ru g  o f  c h o ic e  f o r  th e  e f f e c t  o f  c o r t i c a l  e x t r a c t  i s  too  

t r a n s i e n t .  U n l ik e  the  t r e a t m e n t  o f  c r i s i s ,  o v e r t r e a t m e n t  by 

D.O.G.A. i n  th e  c h r o n i c  s t a g e  may be a  r e a l  d a n g e r  and s u p e r v i s i o n  

o f  th e  p a t i e n t  i s  n e c e s s a r y  t i l l  t h e  t r u e  m a in te n a n c e  dose  i s
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r e a c h e d .  The su b c u ta n e o u s  o r  i n t r a m u s c u l a r  i n j e c t i o n  of  

D.O.G.A. in. o i l  i s  the  u s u a l  method o f  a d m i n i s t r a t i o n  i n  the  

f i r s t  p l a c e  and 1 .5  — 5 mgrn. p e r  day may be n e c e s s a r y .

S a t i s f a c t o r y  r e s u l t s  may be a t t a i n e d  w i th  5 mgrn. g iv e n  once or 

tw ice  w e e k ly .  The q u e s t i o n  o f  the  a d d i t i o n  o f  s a l t  i n  d i e t  i s  

a  m a t t e r  which can  o n ly  be s e t t l e d  by t r i a l .  a n y  ev id e n ce  o f  

oedema sh o u ld  be the  s i g n  f o r  w i th d r a w in g  o r  r e d u c i n g  

s u p p le m e n ta r y  s a l t .  The m a in te n a n c e  o r  i n c r e a s e  i n  w e i g h t ,  

b lo o d  p r e s s u r e  and r e l i e f  from a s t h e n i a  a r e  the  c r i t e r i a  o f  

s u c c e s s f u l  t r e a t m e n t .

I m p l a n t a t i o n  o f  p e l l e t s  o f  100-200 mgrn. D.O.G.A. i s  a  v e r y  

s a t i s f a c t o r y  form o f  t r e a t m e n t  and has  the  a d v a n ta g e  o f  

e l i m i n a t i n g  th e  n e c e s s i t y  o f  r e t r e a t e d  i n j e c t i o n s .  B e fo re  the  

i m p l a n t a t i o n  o f  p e l l e t s  i s  u n d e r t a k e n ,  th e  d a i l y  r e q u i r e m e n t s  1

o f  D.O.G.A. s h o u ld  be a c c u r a t e l y  d e te r m in e d  and a f t e r  the  i m p l a n t s ;  

have been a d m i n i s t e r e d  the  p a t i e n t  sh o u ld  be k e p t  u n d e r  o b s e r v a t i o n  

f o r  a t  l e a s t  2 w eeks ,  f o r  the  e f f e c t i v e n e s s  o f  the amount I

im p la n te d  depends  on the  speed  i t  which  the  p e l l e t s  a re  

a b s o r b e d .  The i m p l a n t s  sh o u ld  l a s t  f o r  from 4 to  6 m onths .

a s  w i t h  th e  t r e a t m e n t  o f  d i a b e t e s  m e l l i t u s  and o t h e r  

e n d o c r in e  d i s e a s e s ,  p a t i e n t s  w i t h  A d d iso n 1s d i s e a s e  a r e  v e r y  ;

s u s c e p t i b l e  to i n f e c t i o n  and v i o l e n t  c h ang es  i n  T°.  c r i s i s ,

may be p r e c i p i t a t e d  by any o f  t h e s e ,  and i t  i s  e s s e n t i a l  to  

im p re s s  upon the  p a t i e n t  th e  n e c e s s i t y  o f  r e p o r t i n g  im m e d ia te ly  j

any d i m i n i s h e d  r e s p o n s e  to  t r e a t m e n t  a s  a  consequence  o f  any 

o f  t h e s e  h a z a r d s  o f  norm al  l i f e .



With r a t i o n a l  t r e a t m e n t  and p e r i o d i c  s u p e r v i s i o n ,  

t h e  p r o g n o s i s  f o r  th e  p a t i e n t  i s  i n c r e a s i n g l y  more h o p e f u l ;  

n o t  o n ly  may h i s  l i f e  be p r o l o n g e d  b u t  he may, w i t h i n  l i m i t  

t a k e  h i s  p l a c e  a s  a u s e f u l  member o f  s o c i e t y .
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SUMMARY ATO C QUOliUS IONS .

I n  a  d e s c r i p t i o n  o f  th e  s i g n s  and .symptoms o f  A d d ison 1s 

d i s e a s e  p a r t i c u l a r  R e f e r e n c e  i s  made to  the  v a r i o u s  c h em ic a l  

p a t h o l o g i c a l  chan g es  which  a r e  c h a r a c t e r i s t i c  o f  a d r e n a l  

i n s u f f i c i e n c y  i n  a n im a l s  and i n  man. These changes  s i g n i f y  

a  d i s t u r b a n c e  i n  the  osm ot ic  b a la n c e  between t i s s u e s  and 

th e  r o l e  o f  h i s t a m i n e  a s  a p o s s i b l e  c au se  o f  the  a l t e r e d  

p e r m e a b i l i t y  o f  c e l l s  i s  d i s c u s s e d .  th e  r e l a t i o n s h i p  

be tw een  th e  c o r t i c a l  s e c r e t i o n  o f  th e  a d r e n a l  g l a n d  and the  

amount o f  h i s t a m i n e  p r e s e n t  i n  the  b lo o d  i s  c o n s i d e r e d .

I t  h a s  been shown- t h a t  t h e r e  i s  an  i n c r e a s e  o f  o v e r  100 

i n  t h e  b lo o d  h i s t a m i n e  o f  a d r e n a i e c t o r a l s e d  r a b b i t s ,  and t h a t  

th e  b lood  h i s t a m i n e  l e v e l  o f  t h e s e  a n im a l s  i s  c o n s i d e r a b l y  

r e d u c e d  a f t e r  t h e  a d m i n i s t r a t i o n  o f  c o r t i c a l  e x t r a c t .

I n  p a t i e n t s  w i t h  A d d i s o n ’ s d i s e a s e  n o t  o n ly  i s  t h e  b lo o d

h i s t a m i n e  c o n s i d e r a b l y  g r e a t e r  t h a n  i n  norm al  p e r s o n s ,  but

the d i s t r i b u t i o n  o f  h is tam in e  between plasma and blood c e l l s

a l s o  d i f f e r s .  This  d i s t r i b u t i o n  o f  h i s tam in e  i s  r e s t o r e d

to a more normal r a t i o  a f t e r  the a d m in i s t r a t io n  of D.O.G.A.

These f i n d i n g s  a f f o r d  some ev id e n ce  o f  an a n t i - h i s t a m i n e
*

f u n c t io n  o f  the adrena l  c o r t e x .

There i s  l i t t l e  e v id e n c e  o f  any  d i r e c t  r e l a t i o n s h i p  be tw een  

th e  h i s t a m i n e  c o n t e n t  o f  p lasma and the  b lo o d  p r e s s u r e  o f  

p a t i e n t s  w i t h  A d d i so n ’ s d i s e a s e  o r  o t h e r  p a t i e n t s  w i t h  

a r t e r i a l  h y p o t e n s i o n .
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5.  The d i f f i c u l t i e s  o f  d i a g n o s i n g  A d d iso n 1s d i s e a s e  i n  the

e a r l y  s t a g e s  a r e  d i s c u s s e d  and v a r i o u s  t e s t s  f o r  a d r e n a l  

i n s u f f i c i e n c y  a r e  d e s c r i b e d .  I t  i s  c o n c lu d ed  t h a t  the 

R o b in s o n ,  Power and K e p l e r  e x c r e t i o n  t e s t  i s , a t  p r e s e n t ,  

t h e  most d e p e n d a b le  method o f  d e t e r m i n i n g  a d r e n a l  

i n s u f f i c i e n c y .

6. The o c c u r r e n c e  o f  d i s e a s e  o f  t h e  e n d o c r in e  g l a n d s  i n  

a s s o c i a t i o n  w i t h  A d d iso n 1s d i s e a s e  i s  r e v ie w e d  and a  

r a r e  e a s e  o f  d i a b e t e s  m e l l i t u s  i n  a  p a t i e n t  w i t h  

A d d iso n 1s d i s e a s e  i s  d e s c r i b e d  i n  d e t a i l .

7.  The t r e a t m e n t  o f  Addison*e d i s e a s e  i n  th e  a c u t e  and c h r o n i c  

p h a se s  i s  d i s c u s s e d  and p a r t i c u l a r  r e f e r e n c e  i s  made t o  the  

v a l u e  o f  D.O.G.A. t h e r a p y .  The methods o f  a d m i n i s t r a t i o n  

o f  t h i s  hormone a r e  c o n s i d e r e d  a t  l e n g t h  and some 

c o m p l i c a t i o n s  r e s u l t i n g  f r o m , i t s  u se  a r e  d e s c r i b e d .

8. I t  i s  c o n c lu d e d  t h a t  A dd ison*s  d i s e a s e l i k e  d i a b e t e s  

m e l l i t u s ,  c an  be s u c c e s s f u l l y  t r e a t e d  and t h a t  th e  p a t i e n t ,  

u n d e r  s u p e r v i s i o n ,  may p u r su e  a  l i f e  o f  u s e f u l  a c t i v i t y .

i
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aDRMAlaOTOMr OF RaBBITS.

Technique o f  One S tage O p era t io n .

Male r a o b i t s  3-4 months old were used.  The abdomen was 

shaved and swhbbed w ith  0 .1 $  aqueous iodine s o lu t io n .  a l e f t  

para-median i n c i s i o n  o f  4 inches was made; sk in  and muscle were 

r e t r a c t e d  and p ro te c te d  w ith  s t e r i l e  c lo th s  and the peritbneum 

exposed. A f t e r  i n c i s in g  the peritoneum warm s t e r i l e  c lo th s  

were wrapped in  the abdominal c a v i ty  and were used to  p ro te c t  

the  i n t e s t i n e s  as they were moved about.

As the  r i g h t  ad rena l  gland i s  adherent  to the i n f e r i o r  

vena cava and i s  the more d i f f i c u l t  gland to remove i t  was always i 

e x t i r p a t e d  f i r s t .  The r i g h t  kidney was lo ca te d  and r e f l e c t e d  | 

from i t s  bed of  f a t .  The r e n a l  ve in  was exposed and t ra c ed  to  

the i n f e r i o r  vena cava; about 1 cm. s u p e r io r  to  t h i s  po in t  the 

su p ra ren a l  gland was u s u a l ly  found. The l i v e r  was c a r e f u l l y  

r e f l e c t e d  upwards w ith  gauze pads,  g re a t  ca re  being hecessary  

to  avoid haemorrhage. When the  su p ra ren a l  gland had been exposed 

and c le a re d  o f  i t s  a d v e n t i t io u s  t i s s u e ,  the  su p e r io r  and i n f e r i o r  

s u p ra ren a l  v e in s  were l i g a t e d  and c u t .  The adrenalectomy . 

clamp was c a r e f u l l y  in te rp o s ed  between the  g land and the  i n f e r i o r  

vena cava and a l i g a t u r e  t i e d  between the vena cava and the clamp.; 

A f in e  i r idec tom y k n ife  was used to  e x t i r p a t e  the g land .  C a re fu l  

search  was made fo r  any accesso ry  glands and when found they were j  

removed.

The l e f t  ad rena l  gland l i e s  ju s t  s u p e r io r  to the ju n c t io n  

o f  the  l e f t  r e n a l  ve in  and the i n f e r i o r  vena cava and i s  not so 

i n t im a te ly  a s s o c ia te d  w ith  the  i n f e r i o r  vena cava as i s  the 

r i g h t  ad rena l  g land.  Removal o f  t h i s  gland p r e se n ts  no d i f f i c u l t y
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The wound was c losed  in  la y e r s  and a pad of  gauze was 

supported over the abdomen by a l in e n  c l o t h  which was s t rapped  

to the back o f  the animal by means of four  p ieces  of  ta p e .

THE DEIEBMIN ,1 ION OF THE HISTAMINE G O N IEB T OF BLOOD. 

E x t r a c t io n  o f  Histamine from b lood .

For the  q u a n t i t a t i v e  e s t im a t io n  of  h is tam ine  var ious  

methods have been devised  to e x t r a c t  the h is tamine  from 

b io lo g i c a l  f l u i d s  and t i s s u e s  {Thorpe (1928); Gaddum and S c h i ld  

(1934)) .

In 1930 Gaddum and Barsoum descr ibed  a method of 

e x t r a c t i n g  h is tam ine  from blood. This method was modified 

by Gode(1937) and f u r t h e r  modif ied  by Anrep, Barsoum, Ta laa t  

and Weininger (1939).  In p r i n c ip l e  the method c o n s i s t s  in  

d e p r o t e in i s i n g  the blood w ith  t r i c h l o r a c e t i c  ac id  and r e f lu x in g  
the f i l t r a t e  w i th  conc. hyd roch lo r ic  ac id  fo r  1>- hours .  This 
d es t ro y s  o th e r  d ep resso r  subs tances  in  the blood and the t r i 

c h l o r a c e t i c  a c id .  The s o lu t io n  i s  evaporated in  vacuo with  the 
a id  of  ab so lu te  a lcoho l  to  remove potassium and o the r  inorgan ic  
s a l t s  and the f i l t e r e d  s o l u t i o n  evaporated under reduced p ressu re  

to d ryness .  The r e s id u e  i s  e x t r a c te d  w ith  water  and the f i l t r a t e  

n e u t r a l i s e d  w ith  N/5 NaOH using  brom-thymol blue as i n d i c a t o r .

D e ta i l s  a re  shown below:- .

1. Add known volume blood to b c . c .  10>£ t r i c h l o r a c e t i c  ac id  and 

mix w e l l .  leave  fo r  £ to 1 h r .  F i l t e r  by suo t io n  ( f i l t r a t e

must be c l e a r  ) and wash w ith  4 p o r t io n s  b cc . .  10L/o t r i c h l o r — 

a c e t io  a c id .
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2. T ransfer  to f l a s k  and add 10 cc .  conc. HC1. : b o i l  fo r  90 min. 

in  f l a s k  with, r e f l u x  a i r  condenser* (Add water  during b o i l in g  

i f  necessa ry  J. deduce volume to l e s s  than 5 cc .

3. Add 10 cc .  abso lu te  a lcoho l  ( s a tu r a t e d  NaCl) and dry in  
vacuo on w ater  ba th .

4.  E x t r a c t  d r ie d  r e s id u e  with 6 cc .  abso lu te  a lcoho l  ( s a tu r a te d  

NaGl) and f i l t e r .  r e p e a t  e x t r a c t io n  with  3 x 6  cc .  abso lu te  

a lcoho l  ( s a tu r a t e d  NaGl). Bulk f i l t r a t e  and evaporate  to 

dryness in  vaouo.

5. Add 2 cc .  d i s t i l l e d  water  to d r ie d  r e s id u e ,  mix thoroughly 

and leave fo r  10 min. F i l t e r .  Repeat e x t r a c t i o n  with

2 x 2 cc .  w a te r .  N e u t r a l i s e  combined f i l t r a t i o n  w ith  N/5 

KaOH using  brom-thymol blue or thymol blue as i n d i c a t o r .

Assay o f  e x t r a c t s  co n ta in in g  h is tam ine .

While some c o lo r im e t r i c  methods o f  e s t im a t in g  histamine 
have been descr ibed  (Pauly, (1905); Enoop(1908j ; Zimmerman (1929))

no p u re ly  chemical method has been found s u f f i c i e n t l y  s e n s i t i v e  

to e s t im a te  the small  amounts of  h is tamine in  t i s s u e s  and 

b i o l o g i c a l  f l u i d s .

The b io l o g i c a l  methods o f  assay ing  h is tamine  may be 

c a r r i e d  out on the i n t a c t  animal or on i s o l a t e d  t i s s u e .

'The an a e s th e t i s e d  ca t  i s  u s u a l ly  employed in  the former method 

and comparative ob se rv a t io n s  a re  made on the e f f e c t  on blood 

p re s su re  of  i n j e c t i n g  ’a l t e r n a t e l y  known amounts of  a s tandard  

s o l u t i o n  o f  h is tam in e ,  and of  the e x t r a c t  to be t e s t e d .  This 

method i s  not very s e n s i t i v e  and i s  u n s u i t a b le  fo r  the 

d e t e c t io n  of  the small amounts of h is tam ine  which are  p re se n t

in  blood.



Barsoum ana Gaddum (193d ) d esc r ibed  a s p e c i f i c  and 
s e n s i t i v e  t e s t  f o r  h is tam ine  which i s  based on the obse rva t ion  

made by Guggenheim and L o f f l e r (1916) t h a t  the muscle of  the 

lower p a r t  o f  the guinea p ig  gut i s  very  s e n s i t i v e  to small 
amounts of  h istamine..

A ppara tus .

The ap p a ra tu s (F ig .  6) c o n s i s t s  o f  a small  g l a s s  bath 

of  2 cc .  c a p ac i ty  which i s  immersed in  an ou te r  b ra ss  c y l in d e r  

m ain ta ined  a t  a co n s tan t  temperature o f  37°G. The p e r fu s io n  

f l u i d  i s  Tyrode*s s o lu t io n  which c i r c u l a t e s  from the r e s e r v o i r  

through a c o i l  to the in n e r  ba th .  A cons tan t  flow of  oxygen i s  

d e l iv e r e d  to the ba th  through a hypodermic need le .  An o u t l e t  

fo r  the bath  i§  provided by a g la s s  tube p r o je c t in g  from a small 

rubber  s toppe r  which se rves  as a base fo r  the ba th .  A loop of 

t h i n  p la tinum vjire i s  secured to the rubber  s to p p e r  and i s  used 

as 8X1 anchor fo r  the i s o l a t e d  t i s s u e .

A piece o f  the lower p a r t  of the ileum i s  c a r e f u l l y

exc ised  from a newly k i l l e d  guinea p ig .  The t i s s u e  i s  washed
*

with  Tyrode*s s o lu t io n  and to a p o r t io n  o f  about 2 in ch es ,  

a l i g a t u r e  o f  white co t to n  th read  i s  sewn on each end. One 

end of  the gut i s  anchored by means of  the l i g a t u r e  to the 

pla tinum loop and the  o th e r  i s  a t ta c h e d  by the o th e r  th read  

to a reco rd ing  l e v e r .  Thejlever i s  ad ju s ted  to reco rd  i t s  

movements on a smoked drum revo lv in g  a t  0 .1  mm. per  second.
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’ I G r .  6. a p p a r a t u s  f o r  a s s a y  o f  h i s t a m i n e  
on i s o l a t e d ,  g u in e a  p ig  i n t e s t i n e .



1 1 5

TyrodeVs S o l u t i o n  f o r  p e r f u s i o n  b a th

Sodium ch lo r id e  
Potassium ”
Calcium "
Magnesium ,T 
Dextrose
Sodium di-hydrogen  phosphate 
Sodium b ica rbona te  
Glass d i s t i l l e d  water  to

8.00 gm. 
0.20 gm. 
0.20 gm. 
0 .01 gm.
1.00 gm. 
0.05 gm.
1.00 gm. 

1000 cc .

Atropine su lpha te  0 .5  ug. i s  added before f i n a l  d i l u t i o n  to 
1 l i t r e .

S t  andar d S o lu t  i  on.

The s tandard  s o lu t io n  of  h istamine i s  f r e s h ly  prepared 

by d i s s o lv in g  h is tamine ac id  phosphate in  -Tyrode's s o lu t io n  

to produce a 3 in  1 thousand s o lu t io n  of  h is tamine ac id  phosphate 

j?he a c t i v i t y  of  the s o lu t io n  i s  expressed i n  terms of  the base 

h is tam ine  which i s  1/3 of  the s a l t ,  so th a t  the s tandard  

s o lu t io n  i s  1 in  1000 h is tam in e .  S u i ta b le  d i l u t i o n s  of  t h i s  

s o lu t io n  a re  made vary ing  from 1 in  10 m i l l i o n  to 1 in  40 

m i l l io n  (0 .1  -  0 .025 ug. h is tam ine  per  c c . ) The t e s t  and 

s tandard  s o lu t io n s  are  d e l iv e r e d  from a microsyringe and the 

amount o f  s o l u t i o n  added to  the bath should not exceed 0 .2  cc .

A d e f i n i t e  2 minute cyc le  o f  events  i s  e s t a b l i s h e d  as 

fo l low s:

The drum i s  run fo r  \  minute to reco rd  the p o s i t i o n  o f  

r e l a x a t i o n  of the g u t .  With the drum s t i l l  running the 

h is tam ine  s o l u t i o n  i s  added and a reco rd  i s  ob ta ined  of the 

c o n t r a c t io n  of the gut dur ing  -g- minute.  The drum i s  stopped 

and the gut i s  washed by emptying and r e f i l l i n g  the bath  3 

t imes.  The gut i s  allowed to r e l a x  fo r  the remainder  of  1 

m inute ,  when the cycle  i s  s t a r t e d  aga in .

Assay.



The method o f  comparison i s  c a r r i e d  out according  to 

the sequence S .T .T .S .  (P ig .  7 ) though t h i s  may be a l t e r e d  

to the sequence S .T .S .T .  Comparisons are  made w i th in  

0 .005 -  0 .01  cc .  o f  s o lu t io n  depending on the s e n s i t i v i t y  

o f  the g u t .  The a c t i v i t y  o f  the e x t r a c t ,  a f t e r  making due 

allowance fo r  d i l u t i o n ,  i s  expressed  in  jag. h is tamine per 

c . c .  blood.

For example: S 0 .1  T 0 .064

S 0 .1  T 0 .060

S . 0 .1  * T 0.062 

where S = 1 in  40 m i l l i o n  h is tam ine .

S 01 = T / l  0 .062 .  T = .1  S = 1*61 S
UfBfe

But £ = 0.025 ug. h i s t a m in e /c c .

T sr 1.61 x 0.025 = 0 .04  ug. h i s t a m in e /c c .

But T was d i l u t e d  from 4 .5  cc .  blood to 6.0 cc .  e x t r a c t .

Sample co n ta in s  0.053 ug. h is tam ine  per  cc .  blood.

Ve r i f y i n g  the R e s u l t s .

Three b i o lo g i c a l  methods a re  a v a i l a b le  to confirm th a t  

the substance  t e s t e d  i s  h is tam ine :

1. Barsoum and Gaddum (1935) showed th a t  the hen*s 

r e c t a l  caecum i s  a l so  very  s e n s i t i v e  to h is tamine and i t s  

t i s s u e  can be used as an a d d i t i o n a l  t e s t  to v e r i f y  the r e s u l t s  

ob ta ined  by the guinea pig gut method.

2. A la rg e  dose of h is tam ine  i s  added to the guinea 

p ig  gut b a th ,  the gut i s  allowed to r e l a x  a f t e r  the c o n t r a c t io n .  

Subsequent small  doses of  h is tam ine  f a i l  to produce any f u r th e r



c o n t r a c t i o n ,  though the  gut responds normally to  i n j e c t i o n s  

o f  p o s t e r i o r  p i t u i t a r y  e x t r a c t  o r  barium c h lo r id e  (Pig.  ff)

3. The t e s t  s o l u t i o n  i s  incubated  w ith  a suspension  

of  h is tam inase  fo r  24 hours a t  37°0. The s o lu t io n  i s  then 

assayed f o r  h is tam ine  and compared w ith  i t s  a c t i v i t y  before  

in c u b a t io n .  With the  c o n c e n t r a t io n  of h is tamine in  blood 

no a c t i v i t y  i s  found a f t e r  in cu b a t io n .



J U U U L J  j U U U U U U U 1 J U U l

ASSAY OF H ISTA M IN E -  ISOLATED G U IN E A -P IG  GUT.

PIG* 7. Assay o f  h is tam in e .

L e f t :  Methods o f  comparing Standard  and T es t .  

C en tre :  -do-

R igh t :  Test  f o r  v e r i f y in g  a c t i v i t y  due to 
h is tm a ine .



CUTLER. POWER AHD WILDER EXORETIOff TI5T.

The fo l low ing  technique which i s  a r e p l i c a  o f  the method 

used by D ry e r re (1939 ) was used:

Ho e x t r a  s a l t  o r  c o r t i c a l  e x t r a c t  during  the  prev ious  

24 hours .

D ie t :  High potassium -  low sodium c h lo r id e  c o n te n t .

1s t  Day

8.0 a.m. S t a r t  d i e t .  P rese rve  a l l  u r in e  passed .

3.0 p.m. Potassium c i t r a t e  92 mgrn./kg. g iven  in  water
by mouth.

8.0 p.m. C o l le c t  1st  b a tch  o f  u r in e .

2nd Day.

8 .0  a.m. C o l le c t  . nd batch  o f  u r i n e .  Withdraw blood f o r
Ha, K and Cl .  d e te rm in a t io n .

11.0 a.m. Potassium c i t r a t e  92, mgrn./kg. in  water  by mouth.

8iO p.m. C o l lec t  3rd ba tch  o f  u r in e .

3rd Day.

8.0 a.m. C o l lec t  4 th  ba tch  o f  u r in e .

6.30 a.m.20 cc .  f l u i d / k g .  body weight by mouth.

10.0 a.m. Withdraw blood fo r  Ha, & and Cl.  d e te rm in a t io n .

12.0 a.m. C o l le c t  5 th  b a tch  o f  u r i n e .  F in i s h  t e s t .  Put-
on low K d i e t  and give 5 mgrn. D.O.C.A. i . m . i .  
o r  20 cc .  c o r t i c a l  e x t r a c t  i f  nec essa ry .

Typ ica l  high potassium-low sodium c h lo r id e  d i e t .

Approximate c o n t e n t s . Carbohydrate ,  203 grams. P r^ o te in ,  46 grams 

F a t ,  73 grams. C a l o r i e s ,  1650. Potass ium, 4 .23  grams. 

Sodium C h lo r id e ,  1.7  grams.

The q u a n t i t i e s  are  g iven  below in  grams.



B re a k fa s t .  Banana, 80. Bread -  w h i te ,  40. Butfcer-unsalted ,  10.

Tea -  two oups (300 c c .  ) w i th  cream 30 grams, and 

su g a r  10 grams.

Meat, 60. Vegetable  ( c a r ro t  or  cabbage or t u r n i p ) ,

50. P o ta to ,  100. B u t t e r -  u n s a l t e d ,  5. Gereal pudding 

30f (10 grams c e r e a l ,  1;' grams suga r ,  -§• egg and 150 

grams m i lk ) .

1 egg*. Bread -  w h i te ,  40. B u t te r  -  u n s a l t e d ,  10. 

Tomato, 50. Tea -  two cups (300 cc ) w ith  cream 25 

grams, and sugar 10 grams.

Bread -  w h i te ,  t o a s t e d ,  30. B u t te r  -  u n s a l t e d ,  8. 

Orange, 120. Tea -  two cups (300 cc .  ) w ith  milk 50 

grams, and sugar K) grams.

In a d d i t io n  to the  above, the  p a t i e n t  has during  the  day 

1 p in t  o f  Im peria l  Drink (100 cc .  orange j u i c e ,  8 grams cream o f  

t a r t a r ,  20 grams su g a r ,  made up to  1 p in t  w i th  w a te r ) .  The 

in c lu s io n  o f  t h i s  i s  e s s e n t i a l  i n  o rde r  th a t  the d i e t  may have a 

s u f f i c i e n t l y  high potassium c o n te n t .

A l l  food to be cooked w ithou t  s a l t .  Ho s a l t  served w i th

food.

Dinner .

Tea.

Supper.



LOW POTASSIUM DIET.

A s e l e c t i o n  may be made according to  the fol lowing tables 

BREAKFAST.
KeTlog* s All-Bran or Cornflakes. ,  Wholemeal bread.
Bacon or  Ham. Sausage.

a v o i d : P o r r id g e ,  m a l t -b re ad ,  c o f f e e .

DINNER.
soups:

V ege tab le s :  Baked beans,  bo i led  c a r r o t s .
Soups: Po ta to  o r  mixed.

TEA:

F i s h : , Haddock, k ip p e r s ,  l o b s t e r ,  s h e l l  f i s h ,  t inned  
salmon, s a r d in e s ,  b l o a t e r s .

Meat: Stewed meats not f r i e d .  Yorkshire  pudding.
S a l t  po rk ,  k idney ,  tongue.

Sw eet : Stewed f i g s ,  cooked p e a r s ,  jam r o l l ,  suet  pudding

Any cheese and p l a in  b is c u it s .

Avoid: Mustard, curry or more than a l i t t l e  pepper.
P o ta to e s  u n le s s  cooking water changed at  l e a s t  
tw ice .
H err ing ,  conger e e l .
Mutton chops.
Apple dumpling or pudding.
Banana, rhubarb t a r t .
R ice, sago, semolina, tap ioca .

B read : white or  wholemeal. B u t te r  or  margarine.
Oakes: Gherry, g in g e r ,  and c h o c o la te .  Ginger bread or 

b i s c u i t .
P a s t r y : Flaky and s h o r t .

Avo i d : Currant ca k es ,  mince-meat.
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