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INTRODUCTION.



THE PHYSIOLOGY
Of the

INTERNAL SECRETING GLANDS, 
and their 

ALTERATIONS IN DISEASE.

I  THE SIJPPAPENAT, GLANDS.

It is only within comparatively recent times that the
importance of the internal secreting glands has begun
tc- be recognised. Under the heading of the Internalglands
f 6 C T P t - i ' P -  P ! l 9 H c L S 1 t . l l 0 T 0  3  7*0 i l lO l 'U C L O C l t  l l  .  W i l l  O i l  S .T 0

of special importance, the thyroid, including the 
parathyroids, the suprarenal and the pituitary glands. 
These organs ere all characterised by the fact that 
they are of essentially glandular structure, but do 
not possess a. duct by which thoir secretion may be
conducted to the exterior. They are mostly small in 
size, but the ’hormones' which they produce are, for
the most part, of extreme importance in influencing 
other organs and systems of organ0, so that essential 
functions of the body cannot be properly carried out.
in their absence, and the removal of these g l a n d s

-

consequently entails an arrest of, or interference with 
these functions and, in many cases, death.

_gchafer, in his address to the Pharmaceutical 
Society in 1907, in referring to the above three glands,
states that »all these yield extracts which can be



shown to have marked physiological effects, and 
they are the only organs in the body of which this 
can definitely be affirmed, with the exception of the 
intestinal mucous membrane"; and the fact that 
"complete removal may in the case of all of these 
three glands be followed by death, indicates the 
important nature of the part which they play in the 
organism".

Obviously, organs whose secretion.0 play such an 
important part in the normal physiological functions 
of the body, must be of great importance in disease.
But our knowledge of the physiology of the internal
secreting gland0 is only beginning to be understood, 
and our knowledge of their pathology i° almost unknowr. 
It is true that we know that "Addison's disease" is 
associated with a lesion in the suprarenal glands, of 
such a nature that the principle which raises the 
blood pressure is absent or destroyed. And we also 
know that the two diseasest exophthalmic goitre and 
myxoedema, are associated in some way with a hyper
trophy and atrophy respectively of the thyroid gland. 
And it has been suggested by Schafer and Herring 
(Phil Trans. 1905 p. 29) that the somewhat uncommon 
condition of 'diabetes insipidus' may be "associated 
with hypertrophy the pituitary! '!e have also 
reason to believe that acromegaly is related to a 
hyper—secretion /



hyper-secretion of the anterior part of the pituitary 
body (Schafer, Croonian Lecture). And although 
the pathology of diabetes mellitus is still obscure, 
there is evidence that the condition may result from 
changes in the islets of Langerhans in the pancreas.

The above list includes almost all that we 
know of the pathology of the internal secreting gland^ 
and when it is realised that for every individual 
internal secreting gland there must be two different 
pathological processes possible, first, a diminution 
or absence of the internal secretion, and second, 
an excess of this internal secretion, it will be 
seen how very slight is our knowledge on this most 
importa nt sub3ect.

Cf all the above diseases there is only one 
whose pathology is at all accurately understood, 
namely Addison's disease; and even here there are marjy 
points which require elucidation, such as the full 
significance of the changes in the sympathetic 
ganglia which have been recorded by various writers, 
and what is the nature of the chan ge where the symptoms 
of Addison's disease have been present during life, 
and have caused death, but where no lesion of the 
suprarenal glands has been found post-mortem sufficiently 
extensive to account for these symptoms.

The pathology of exophthalmic goitre and 
myxoedema are still obscure, and why a diseased



condition of the thyroid gland should result in these 
particular symptoms i° not clearly understood. Even at 
the present date we find some observers holding the 
opinion that the primary origin of the disease lies in 
the sympathetic nervous system; others consider that 
the essential lesion is to be found in the central 
nervous system; while others consider that it is the 
secretion of the thyroid gland which is at fault, 
but they are unable to explain why such a change in 
the thyroid gland should occur, and how it produces 
the symptoms of exophthalmic goitre and myxoedema.

But in regard to the function of some of the other 
internal secreting glands our knowledge can only be 
stated to be absolutely negative. 'He are quite 
ignorant of the function of the cort^r of the supra- 
-renal glands. It has been suggested that diseased 
conditions in this region have been found in associati 
with defective development of the .reproductive system, 
but all cases of defective development of the repro- 
—ductive system are certainly not associated with 
atrophy or hypertrophy of the suprarenal cortex, and 
it is always possible that the association may have 
been merely accidental.

The function of the parathyroid glands is 
also still a matter of uncertainty. Many workers are 
inclined to hold the opinion that these glands are 
merely embryonic thyroid tissue, and that if required

on



they may undergo transformation into true thyroid tissue 
This view has, however, as many disclaimers and support.- 
-ers. On the other hand, it has been suggested by 
Berkley that this gland is involved in paralysis 
agitans, and he states that he has obtained marked 
improvement in many cases on administration of an 
extract prepared fr m these glands. Other observers 
have, however, completely failed to confirm his results 
and when we consider that there are now a large number 
of case« on record in which the parathyroid glands 
were found normal at the autopsy in this condition,
I think we must admit that the main mas« of the evidenr 
is of a negative nature.

Unfortunately the literature upon the internal secretin 
glands is complicated by the publication of a large 
number of clinical cases where deductions are drawn 
from facts which are not sufficient to justify these 
conclusions. It is only too common to read, and to 
hear clinical accounts of cases read, in which the 
patient exhibited a large number of somewhat obscure 
symptoms; he was put to bed and given pituitin by the 

[ mouth, or intramuscularly, or parathyroid extract, or 
extract of thymus or of pancreas, or some such 
substance; and in two or three weeks marked improvement 
resulted, in all probability from no other cause than 
the /



complete rest in bed, and probably rather in spite of 
than on account of his medicinal treatment. This 
however 1« promptly published as an example of the 
great possibilities of' this particular extract.
Such hasty deduction« are to be most strongly condemn

It is my purpose in this particular paper to attempt 
to place our knowledge of the internal secretions upojn 
a clear and definite foundation, and to show that 
their Importance in clinical medicine is far greater 
than has previously been recognised. And I wish to 
try and correlate our knowledge of the internal 
secreting glands obtained in the laboratory, with 
the symptoms and diseases as studied at the bed-side 
and in the post-mortem room, because, it is only by 
this method that we will discover the full significan 
and importance in disease of the internal secreting 
glands.

I propose to begin with the suprarenal gland; and at 
this stage T should like to indicate clearly the 
path along which I have travelled. My association 
with Prof. Schafer naturally directed my attention 
to the subject of internal secretion.

Our knowledge of the physiological function of
the /



suprarenal glands is more extensive than that of any 
other internal secreting gland, but our knowledge of 
its alterations in disease is practically limited to 
"Addison's disease", where we know that this internal 
secretion is absent. Now, Addison's disease, although 
it may arise from many different causes, is usually 
the result of a tuberculous process involving both 
suprarenal glands, and the disease runs a slow, chronic 
course. It is not always so, as I shall later describe 
a case of only three days duration, but in the meantime, 
it will suffice to mention that Addison's disease is 
usually a slow chronic condition.

Now, it is exceedingly probable that under
certain conditions, at present unrecognised, we may
have an scute disease of the suprarenal glands, in
which the whole of the clinical signs only last a few
hours or days. And it seemed to me that possibly

yetsuch a condition might be a well-known, but as^unrecog- 
-nised, clinical entity. I tried to discover such a 
condition in the usual way by searching the Index 
Medieus for a clue, but was quite unsuccessful. 
Ultimately, however, I accidentally came across the 
statement that in guinea-pigs dying from inoculations 
of diphtheria toxin, the suprarenal glands are greatly 
enlarged, swollen and congested. It immediately occurred 
to me tha+ possibly I had at last found what I had been 
looking for so long, namely, an acute disease of the 
suprarenal glands. I, accordingly, inoculated a 
guine a-pig /



guinea-pig with an approximately minimal lethal dose 
of diphtheria toxin, in order to discover if this 
statement were really correct; and found that the 
suprarenal glands were not only greatly swollen and 
congested, but showed numerous large haemorrhages into 
their substance. (Since then, I have examined over 
one hundred guinea-pigs killed by diphtheria toxin, 
and have never once found this change absent).

It next occurred to me that such great changes 
in the organ must involve considerable alteration in 
it.« functional activity, and I accordingly made an 
extract from such a gland and injected it intravenously 
into a cat, and found that no rise of biood-pressure 
resulted. The importance of this observation will 
be fully realised when we remember that acute cardiac 
failure is one of the most dreaded complications of 
diphtheria, and that the exact mechanism by which this 
is produced has not yet been fully explained. The 
above observation suggests that light might be thrown 
upon this condition by a careful study of this 
problem from the above point of view.

I was then led to investigate the question of
the mechanism by which the suprarenal gland« become
deprived of their secretion.

theThis lead directly toAquestion as to whether 
this exhaustion of the suprarenal glands .is specific 
fcr diphtheria toxin alone, or whether it does not 
also /



a ls o  o c cu r  in  o th e r  to xa e m ia « , e .g .  pneum ococca l, 

s t a p h y lo c o c c a l e t c .

The next problem was to work out the action 
of diphtheria toxin upon the cardiac muscle, and the 
change« in the cardiac muscle fibres in diphtheritic 
toxaemia;

And t h i s  le a d  d i r e c t l y  to  th e  r e l a t i o n  between 

c a r d ia c  f a i l u r e  and s u p ra re n a l in a d e q u a cy ;

Finally, I have shown how these re«ul+« 
afford us an explanation of a. great many points in 
connection with Addison’s di«es«e which are at 
■present a matter of uncertainty, and also in 
regard to the acute heart failure which is so 
frequent in the acute infective condition« in man, 
together with the cardio-vascular weaknes« and 
exhaustion found in long-standing chronic diseases.
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l i t e r a t u r e

LESIONS Of SUPRARENALS in  MAN.

Mattei (Lo Sperimentale, T. 51, 1883, p. 335 ) examined 
the suprarenal glands in a series of 1301 post-mortem 
examinations, and was only able to detect definite 
lesions, in 61 cases. He divided his results into the 
following groups ;

1. Caseous condition of organ 23 cases

3.
4.
5.
6. 
7.

Infiammati on
Cancer
Sarcoma
Lipoma
"Linfoma"
Adenorna

8 ,

S,
Haemorrhage 
Waxy condition

10 . Atrophy and arrested de
velopment of organ

Droubaix /

2 «
2 »
3 "
5 "
1 "
11 cases, all in 

one gland onl 
10 of cortex 
and 1 of med- 
-ulla.

7 cases 
2 cases - 1

phthisis, 1 
miasmatic 
f ev er

5 cases.



Droubaix (Jahresber. d. gesammt. Med., 1887, ±±. p.352) 
states that he found haemorrhage into the supra
renal glands much more frequently in the young 
than in the adult, and while in the young the 
haemorrhage was mostly into the medulla, in the 
adult it was most frequently found in the cortex 
of the gland.

May (Virchow's Arch., Bd. cviii, 1887, p. 446j exam
ined. the suprarenal glands in forty-two case«, 
which had died of various diseases, and found 
that the principal changes present were cloudy 
swelling and fatty degeneration, the latter being 
mostly confined to the cortex and being most 
marked in cases which had died from cardiac and 
pulmonary diseases.

Charrin et hanglois (Compt. Bend, de la Soc. de Biol.
1893) studied the changes in the suprarenal glands 
following death from infective processes, and con
cluded that the principal lesions were :-

1. Changes in the cellular protoplasm ex
tending to actual necrosis and most marked in 
cases of pure diphtheria ; dilatation of capil
laries and haemorrhages, varying in size from a 
microscopic /



microscopic lesion to complete destruction of the 
gland.

2. Thrombosis of veins with production of 
septic infarcts.

5. Microscopic abscesses of polynuciear 
cells, occurring in the central part of the gland.

4. Old-standing organised lesions in chron- 
-ic cases.

Arnaud (Arch. Gen. de Med., iv, IS00, p. l) found
haemorrhage into the suprarenal glands in various 
conditions, the haemorrhage usually being most 
marked at the junction of the cortex and the 
medulla, and being much more frequently met with 
in children than in adults. He does not make any 
statement as to the diseases in which these 
haemorrhages were most usually present.

Oppenheim et Loeper (Compt. Pend. de la Soc. de Biol., 
T. viii, 1S01, p. ^65) examined the suprarenal 
glands in nine cases o f  pure d ip h th e r ia ,  eleven 
of complicated d ip h th e r ia ,  and sixteen of pneu
monia. a s  a result they found that the glands 
showed marked changes which varied from cloudy 
swelling to actual necrosis of the c e l l s ,  w ith  

dilatation of the capillaries, haemorrhages, and 
venous /



venous thrombosis, with collections of polymorpho
nuclear leucocytes in place«.

Fleischer und Penzoldt (Deutsche Arch. f. klin. Med., 
Bd. 26) record the occurrence of haemorrhages in- 
-to the suprarenals in le-acccythaemia.

Bibadeau et Dumas (Bull, et Mem. de la Soc. Anat. de 
Paris, 1S04) describe two cases of measles in 
which large haemorrhages were found in both supra
renale, destroying most of the tissue.

Marchettl (Virchow’s Arch., Bd. clxxvii, 1S04, p. 227) 
examined the suprarenal glands in 1200 post
mortem cases, and was quite unable to detect any 
relation between the condition of congestion of 
the suprarenal glands and the different diseases 
from which the patient had suffered. The two 
principal lesions which he found present were 
congestion of the whole organ and fatty degener
ation and infiltration of the cortex. He con
sidered, that these were possibly most marked in 
cardiac and pulmonary conditions, in various 
four.a of anaemia and in diseases of the vessels.

Karakascheff /



Kgrjftg°cheff (Ziegler«*? Beit rage, Bd. xxxvi, H.3, 1904, 
found congestion of the suprarenal*?, more marked 
in children than in adults.

Napp (Virchow's Arch., Bd. clxxxii, H. 2, Nov. 4,
1905, p. 514) examined the suprarenal glands in 
95 cases which had died from various diseases, 
the sections being stained with Sudan III. and 
haematoxlin. He found a marked difference in the 
grouping of the fat in adults and in children be
low twenty years of age. In youth, the cells of 
the zona glornerulosa always contained fat in the 
form of fine droplets. In a less degree the 
cells of the zona reticularis contained the like, 
while only in cases showing the presence of a very 
large amount of fat did it occur in the zona fas- 
ciculata. In adults, on the other hand, the 
cells of the zona fasciculate always contained 
fat, next in amount those of the zona reticularis, 
while the cells of the zona glomerulosa were al
most entirely free of fat. The greatest amount 
of fat in youth occurred in cases of miliary 
tuberculosis and of pulmonary tuberculosis, and in 
adults in cases of pulmonary tuberculosis, fib
rinous pneumonia, and phthisis pulmonalis. The 
suprarenale of young persons contained distinctly 
more /



mere fat than those of adults, and the amount of 
this fat bore no relationship to the condition of 
the general bodily nourishment.

Hoskyn (Brit. Assoc. Meeting at Johannesburg, 1905j 
found that in plague the suprarenal glands were 
almost always shrivelled and sometimes softened.
He attributed this to too great a strain being 
placed upon them while endeavouring to counteract 
the plague toxins, "which, among other things, are 
vasoparalysers". He also found that the adminis
tration of adrenalin was beneficial in plague.

Dingwall Fordyce ( Scot. Med. and Surg. Journ., vol.
xviii, 1906, p. 414) investigated the suprarenal 
glands in fifty cases which had died from various 
diseases, twenty-five being adults and twenty-five 
children under ten. The glands were removed at 
various intervals after dea+h (not stated) and 
placed in 5°p formalin, being subsequently stained 
by different methods. The writer divided his 
ca^es into three groups t

1. Cases of acute illness ;
p. cases of protracted illness with acute

termination ;
5. Cases of protracted illness without 

acute terminâtion.
He /



1. That extensive and severe vasctilar 
changes are marked in no class, but slight changes 
are frequent in all ;

2. That fat occurs plentifully in all, and 
is apparently most abundant in chronic cases ;

3. That the changes found as regards fib
rous tissue and the condition of the parenchymal 
cells show practically no difference on division 
into these three classes.

In short, he was quite unable to find any 
relation between the condition of the suprarenal 
glands and the disease causing death.

Mott and Halliburton (Arch, of Neurol., Yol.iii, 1907, 
p. 123) investigated the condition of the supra- 
renal glands in 71 cases which had died from 
various diseases in the London County Asylums.
The glands were tested :
(1) By the ferric chloride reaction for adren

alin (vulpian) ;
(2) By their dilating action on the pupil of the

frog1 s eye (Meltzer), a method which they 
found to be not sufficiently delicate for 
their purpose ;

( S) /

He concluded :



( 3 ) By the increase in strength of the bea t  of thl
isolated rabbit's heart on perfusion, a 
method which was found to be exceedingly 
delicate, a good response being obtained 
with a dilution of l in a million parts.

(4) By intravenous injection of an extract of
the dried gland, which method was mostly  

relied upon.
It is important to note that the authors did not 
use the bichromate fixing solution.

Their results were of a negative character. 
They stated that they found atrophy and degener- 
ative changes in the suprarenal glands in many 
cases, but that these "do not appear to be re
lated in any special way" to the disease from 
which the patient suffered, but to depend rather 
u;on the secondary disease which produced death. 
Like other secreting glands, the suprarenale are 
adversely affected in any disease which impairs 
the general nutrition f the body, and "while 
chronic and wasting diseases appear to be spec
ially efficacious in producing this result, acute 
diseases, if sufficiently intense, will often 
produce the same result".

Candler /



Cantiler (Arch, of Neurol., Voi.iv, 1909, p. 155) cles- 
-cribes two cases in which haemorrhage into the 
suprarenal capsules was found post mortem. Both 
were cases of senile dementia, and death was due 
to sudden syncopal attacks. The writer assoc
iates the syncopal attacks with the haemorrhage 
into the suprarenal gland, but offers no explan
ation of the occurrence of such a haemorrhage.



LESION Of the SUPRARENAL GLANDS in ANIMALS

Foux et Yerein (Ann. de l'lnstit. Pasteur, 1889) des
cribe congestion of the suprarenal glands as a 
frequent condition in guinea-pigs inoculated with 
the bacillus of diphtheria. Their observations 
attracted little notice at the time they were 
publi shed.

Charrin et Langlois (compt. rend, de la Soc. de Biol., 
1893) studied the effects of inoculating guinea- 
pigs with pneumococci and diphtheria bacilli.
They found that the effects were most marked in 
the slighter infections. With pneumococci they 
found no marked changes in the cells, but very 
frequent haemorrhages. These haemorrhages 

originated in the central part of the gland and 
were usually absent from the cortex. In diph
theria, the results were similar, the principal 
lesions being found in the animals most acutely 
affected.

Oppenheim (Comp't. rend, de la Soc. de Biol., 1901) 
came to the conclusion that animals which had 
previously had one of their suprarenal glands 
removed /



removed, withstood with greater success than nor
mal animals the inoculation of diphtte ria bacilli. 
This, he thought, might be due to the fact that 
"the remaining suprarenal has a more powerful 
antItoxie act ion".

Orrpenheim et Loeper (Compt. rend, de la Soc. de Biel., 
1901) also inoculated guinea-pigs with pneumo
cocci and diphtheria bacilli, and found marked 
changes in the suprarenale. These were specially 
severe in the latter condition and consisted of :

1. congestion and haemorrhage ;
2. Emigration of polymorphonuclear leu

cocytes in the zona fasciculate and zona glora- 
eruiosa ;

7>. Cellular changes of all degrees up to 
complete degeneration, specially marked in the 
zona reticularis and zona fasciculata.

The lesion was found to be more intense in 
the more acute infections and less marked in 
those cases where the animal survived longer .

Bernard et Big art (Bull, de la Soc. Anat. de Paris, 
vol.77, 1902, p. 861) experimented upon guinea- 
pigs with various mineral poisons, and recorded 
similar /



similar changes in the suprarenal glands - these
changes being also most marked in the more acute 
cases.

QQUS.fo (Compt. rend, de la Soc. de Biol., 1903) treat
ed a guinea-pig for one month with large doses of 
lead, and stated that he found the suprarenal 
bodies to be more than double their ordinary 
volume.

Bardier et Bonne (Compt. rend, de la Soc. de Biol., 
1903; considered that the effect of muscular 
exercise upon the suprarenale was to cause an in
crease in their normal activity.

Bernard, Bigart et Labbe (compt. rend, de la Soc. de
Biol., 1903 ) also studied the effect of muscular ; 
work upon the guinea-pig by stimulating its 
muscles with weak faradic currents for about one 
and a half hours. The changée which they noticed 
were mainly confined to the cortex and consisted 
in a great increase in the amount of lecithin, 
the fat globules being normal in amount. They 
could discover no change in the medulla of the 
gland.

F e d e r ic l /



Federici (Lc Sperimentale, July, 1904 ) made a very
careful investigation of the relation of infective 
disease and the suprarenal glands. He inoculated 
guinea—p1 gs and rabbits subcut a neon sly or intra— 
peritoneally with cultures of pneumococci, bacil
lus typhosus, bacillus coli, staphylococcus 
aureus, streptococci and diphtheria. In the 
acute cases he found well-marlted congestion of 
both glands with large haemorrhages in the most 
acute cases, both into the cortex and into the 
medulla. If the culture were attenuated and the 
animal lived six or eight months, then the degree 
of congestion was very slight and haemorrhages 
were rarely present, and if so were very slight 
in amount. The cells themselves showed various 
lesions, more intense here also in the more- 
severe affections. In the very chronic condi
tions, e. g. from inoculations with tubercle 
bacilli, etc., he found little change in the cells
beyond cloudy swelling.

He discusses the question as to whether 
these lesions are due to the local action of the 
micro-organism or to their toxins, and considers 
that the lesions were due to toxins in the cir
culation. He concludes that "the suprarenal 
bodies /



bodies in the course of experimental infective 
processes become early affected, and in a manner 
almost always similar, and although it cannot be 
shown with any degree of certainty that these or
gans possess special defensive properties, never
theless the lesions occurring in them are, by 
distinctly aggravating the condition, themselves 
capable of accelerating the fatal termination."

#■



l i t e r a t u r e

Alterations in the Internal Secretion 
of the

Suprarenal Glands in Disease.

It is somewhat remarkable that, although so many, obser
vers have studied the histological changes that occur 
in the suprarenal glands in disease, none of them have 
investigated what is really the most important lesion 
of all, namely the effect upon the internal secretion 
itself. We know now that the internal secretion of 
the medulla of the suprarenal bodies is necessary for 
life, and that if the gland be removed experimentally 
in animals, death results, at the latest, in twenty- 
four hours. Elliot (journ. of Physiol., Vol.xxx.iv, 
1906, p. 531) has investigated this subject with the 
greatest care. He removed one suprarenal under 
chloroform and completed the whole operation in fifteen 
minutes. The animal was given no food on the day of 
the operation and it emerged quickly from the anaes
thesia, but only survived one day. Young animals die 
even more rapidly. This res’zlt has been obtained by 
everyone who has attempted to remove these glands 
experimentally /



experimentally. The animal always dies in less than 
twenty-four hours, a fact which demonstrates the great 
importance of these glands, which indeed are essential 
to life. (See Schafer, Oliver-Sharpey Lectures,
Brit. Med. Journ., May 30, 1908, p. 1278 i.

Since the early work of Brown-Sequard in 1856, it 
has been known that these glands are essential to life, 
but it was not till 1894, when Oliver and Schafer 
pointed out that they contained an internal secretion
which exercised a most powerful effect upon the vessels
and the heart, that their mechanism was at all under
stood. It is now generally admitted that death fol
lowing removal of these glands is due to the suppres
sion of this internal secretion.

It would therefore seem rather strange that so 
few of tli e numerous observers who have studied the 
pathology of the suprarenal glands should have investi- 
-gated them from the point of view of variation in the 
amount, etc., of their internal secretion. so far
as I am aware, the following is a complete list of
those who have studied the internal secretion of the 
medulla of the suprarenal glands in disease

Dubois (Arch, de Physiol., Vol.xxviii, 18-S, p. 41̂ .)
considers that, as the result of bacterial in

fection«, it is possible to demonstrate anatomical and

pathological /



pathological cha. nges in the suprarenal glands, 
and that their function must also be involved.
This is shown, he thinks, by the absence of their 
usual toxic action, resulting from the attenuation 
of their secretion, which may ultimately be com
pletely destroyed,

Langlois (Arch, de Physiol., vol.xxix, 1897, p. 152) 
investigated the effect of bacterial infections 
upon the blood-pressure raising action of the 
extract of the suprarenal glands. He found that 
in diphtheria poisoning in animals, the supra- 
-renal glands are red, swollen and hyperaemie-, and 
that there is a considerable diminution in the 
amount of their blood-pressure raising substance, 
which in some cases may apparently be entirely 
absent.

Luxsen (Wien. klin. Wochenschr., April 6, 1905, bo.
14, p. 545) investigated the subject more fully. 
After transection of the spinal cord he obtained 
no diminution in the amount of adrenalin present 
in the extract from the suprarenal glands. Past
ing and high temper a + ure had likewise no apprec- .
iable effect.

Diphtheria poisoning in animals, however,
gave /



gave a most marked diminution in the amount of 
adrenalin present, the glands being found in four 
cases to be completely inactive. A similar ef
fect was obtained after inoculation with oleum 
phosphor! and with intraperitoneal injections of . 
tubercle bacilli. Pilocarpine and atropine, on 
the contrary, caused no appreciable alteration 
from the normal, even when given in large doses.

Ehrmann (Arch. f. Path. u. Pharm., Vol.lv, 1906, p.39) 
also investigated the effect of diphtheria toxin 
upon the suprarenal gland*-’ and came to an opinion 
exactly opposite to that of Luksch. He consider
ed that the effect of diphtheria toxin was not to 
diminish the amount of adrenalin, but rather to 
increase it. He used a different method for the 
detection of the presence of adrenalin, however, 
namely, the action of adrenalin in causing di
latation of the enucleated frog's eye. He did 
not carry out any observations upon blood pres
sure, as he considered his observations by means 
of this other method to be more delicate, it being 
possible to detect the presence of adrenalin in 
solutions as dilute as one part in ten millions
(see later).

Ehrmann made five experiments, all upon rab
bits, The animals were given an injection of 
diphtheria toxin In. the back and were kixj.ed at

intervals /



intervals, extending to thirty hours. Blood was 
then withdrawn by means of a fine needle from the 
suprarenal vein; its aetion upon the enucleated 
eye of the frog was determined, as well as the 
amount of dilution necessary to prevent this 
action.

The writer concluded that even where there 
are distinct anatomical changes in the suprarenal 
glands resulting from diphtheria poisoning, there 
is no difference in the amount of internal secre
tion present, and that it is inadmissible to 
associate deficiency in the suprarenal function 
in any way with the cause of heart failure in 
this disease.

Elliot (journ. of Physiol., Vol.xxxiv, 1906, p. 557 ) 
states : "The yellow chromaffine stain disap
pears in cases of grave exhaustion of the gland.
It does not disappear if the animal dies within 
twenty-four hours after removal of one gland ; 
but it vanishes if death ensues more slowly, after 
three or four days, and it also vanishes in 
thirty-six hours in the poisoning by diphtheria 
or by subcutaneous suprarenal grafting."

Luksch /



Luksoh (Berl. klin. W oohnsehr., Vol.xlvi, 1909, p. 1979j 
reaffirms his statement that the secretion of the 
suprarenal glands is destroyed by diphtheria 
poisoning in animals, and s ta te s  that Ehrmann's 
method of experimenting upon the f r o g ' s  eye is 
not so accurate as the results obtained from blood 
pressure experiments. He also points out that 
the absence of adrenalin occurred in his experi
ments two days after the inoculation, while Ehr
mann's experimental animals were Killed in thirty 
hours at the latest, i. e., before the full ef
fect had developed.



PRESENT INVESTIGATION.



METHOD Of INVESTIGATION

The principal points to which I wish to direct atten
tion are the alteration in the function of the intem&l 
secretion of the suprarenal glands under various path
ological conditions, and the histological change«! 
which the glands themselves undergo in association with 
the diminution in the amount of this internal secret loti * 

The method which I employed was the following :
The animal was inoculated subcutaneously or intra- 
peri toneally with a definite amount of the toxic sub
stance; the time of inoculation was noted, and also 
the interval which elapsed before death ensued. The 
suprarenal glands were removed immediately after death» 
cleaned from fat, etc., and weighed. A thin section 
we« then made from the central part of one gland and 
placed in a solution of formol-blchrornate (Kohn)* The 
remaining parts of the glands were then prepared for 
intravenous injection as follows :

The gi.ands wer^ ground up in s mortar with s da- 
finite quantity of normal saline,to which had been 
added two drops of acetic acid, and "ome purified 
sand. The solution was warmed to coagulate prot*dd 
matter and again pounded up 1n the mortar, end finally 
filtered. This solution was then used for intravenous 
•injection /



injection into cat«, which was immediately carried out.
I found that if the glands were allowed to remain 

in the body for twelve hours after death, considerable 
decomposition or alteration appear® to tahe place in 
the adrenalin present, a fact which I find had pre
viously been noted by Langley (.Journ. Physiol., Oct.
16, 1901, Vol.xxvii, p. 237j, who states that »if the 
glands are hept moist after death a considerable des
truction of the active principle appears to take place1*. 
In order, therefore, to avoid any error finding its 
way into the observations as the result of too long an 
interval being allowed to elapse between the death of 
the animal, the removal of the suprarenal glands and 
the intravenous injection of the extract prepared from 
them, it was necessary to perform the blood-pressure 
experiments immediately after the death of the animal. 
This I have consistently done, so that the diminution 
in the amount of adrenalin found in animals hilled by 
diphtheria and other poisons, cannot, in these experi
ments be due to post-mortem destruction of the adren
alin. It must be due to conditions which were acting 
before death.

The examination of a small piece of each gland 
from each animal, fixed in formol-blchromate solution 
(see later) which stains cells containing adrenalin 
a yellowish-brown, together with the tracing of the 
blood-pressure /



blood-pressure effect of the extract made from the rest 
cf the gland of the same animal, afford a most val
uable series of results by which I was enabled to 
examine and correlate the histological changes in 
structure with the physiological changes in function.

There are four principal and separate methods by 
which the changes in the structure and function of the 
suprarenal glands in disease may be studied :

(1) The dilatation action upon the enucleated
frog’s eye ;

(2) The blood-pressure effect upon intravenous
Injection ;

(3) The bichromate reaction ;
(4.) The ferric-chloride reaction.

Let u® now discuss these in detail :
(l) The dilatation action upon the frog’ s eye : 

This action was originally discovered by Meltzer and 
published by him in the Zentralbl. f. Physiol. (Aug.
27, 1904i. It is as follows : If a solution of ad
renalin be injected into the lymph sacs of the frog, 
or simply instilled into its eye, a widening or dila- 
-tation of the pupil ensues. This dilatation occurs 
immediately and lasts for several hours. It takes 
place whether the eye be excised or in situ. Meltzer 
considered /



considered it possible that this reaction would allow 
far smaller quantities of adrenalin to be detected 
than any other method and that it was a better and 
more delicate reagent than the blood-pressure.

In the following year, 1905, Ehrmann made use of 
this method to investigate the changes in the amount 
of adrenalin in the suprarenal veins in diphtheria 
poisoning. Ke stated that he had found this one of 
the most delicate methods in existence for detecting 
small quantities of adrenalin, the reaction being 
positive with such small proportions as one part in 
ten millions. He also stated that +he amount could 
be determined and quantitatively estimated, as the di- 
,-lat at ion is proportional to the dose and its dilution, 
the smaller the dose or the greater the dilution, the 
less being the amount, of dilatation and the longer the
time it takes to appear. Ehrmann records this as a

.

new and. independent discovery, although he quotes Meit-j 
zer's work in another part of his paper. The reaction 
has therefore been frequently referred to by subsequent 
writers as "Ehrmann's method".

Mott and Halliburton ( Archiv. of Heur. iii. 1907) 
made use of this reaction in their investigation upon 
the amount of adrenalin present in the suprarenal 
glands in autopsies at the Claybury Asylum, but they 
state that they did not -pind it, of sufficient 
accuracy /



accuracy to make their results of value.
As I intended to use this method in this work, I 

considered it necessary first of all to ascertain ac- 
-curately its limitations and its delicacy. I was 
very favourably placed in this respect, as I was able 
to make use of the frogs used in the experimental 
physiology class after the class was finished. My 
results were extremely unsatisfactory. The degree of 
delicacy, as I found it, did not correspond with the 
statements of Ehrmann. As a rule T found the re
action to be positive, with a dilution of one in a hun
dred thousand, but in a great many cases it was 
negative with one in five hundred thousand; occas
ionally it was positive and occasionally negative, and 
the two eyes of the same frog often reacted different
ly to the same strength of solution, the one giving a 
positive, the other a negative reaction.

Recently, however, I have discovered a second 
paper by Meltzer upon the same subject (Deutsche med. 
Wochnschr., No.xiii, 190S), in which he re-investigate 
the whole question, and as his result® are so complete
ly in agreement with my own, I cannot do better than 
quote them. He first of all points out that the re
action does not consist in a mere dilatation of the 
pupil. In association with this there is complete 
absence of any reaction to light, the aperture becomin 
circular /



circular and rigid. He states that as a general rule 
there is a relation between the strength of the dose 
and the amount of dilatation and time necessary for it 
to arise, but that there is no sharp line between a 
negative and a positive result. He found it often 
doubtful whether the pupil was altered by a dilution of 
1 in 150,000, and occasionally he could be quite cer
tain that the result was positive with a dilution of 
1 in 10,000,000. Control experiments he found to be 
of no use, as the result alters from frog to frog, and 
is often different in the two eyes of the same frog.
He also pointed out that Ringer's solution itself may 
cause a slight dilatation of the pupil, although nor
mal saline alone does not do so. Blood serum itself 
gives a negative result. He concludes by saying that 
while this reaction is of use for qualitative results, 
it is of no value quantatively. The limit of error 
is too variable to allow any accurate determination of 
the presence of small quantities of adrenalin, the 
limit of about 1 in 100,00C being only possible. With 
these results I am in complete agreement, and for these 
reasons I have net made use of this method in this 
investigation, as the blood-pressure results are more 
satisfactory and accurate.

Ii. The Blood-Pressure Reaction 
This method is too well-known to require any detailed 
account /



account. Intravenous injection of a solution of ad
renalin causes an immediate and sudden rice in the 
blood-pressure and, if the vagi are uncut, acceleration 
of the heart. This method is probably one of the most 
delicate for the detection of adrenalin quantatively. 
The animals used in these experimente were chiefly 
rabbits and eats - mostly the latter. The animal 
was anaesthetised by paraldehyde, an adult cat re- 
-ceiving about 7 cc. directly into the stomach by means 
of a tube. In about half an hour the animal was 
usually found to be completely anaesthetised, but if 
the anaesthesia were not by this time complete, a few 
whiffs of chloroform were sufficient to render it ab- 

j'SOlutely insensitive. A canula was then placed in 
the carotid artery and. another in the jugular vein, in 
the usual manner employed for recording blood-pressure. 
Artificial respiration was almost invariably used.
The vagi were either cut or paralysed by means of 
atropin in order to prevent reflex inhibition of the 
heart following intravenous injections of adrenalin.
It was found that an extract made from the two supra
renal glands of a healthy guineapig, if immediately 
injected intravenously into a cat, caused a marked 
rise of blood-pressure, approximately comparable to 
the rise which was obtained from a solution of 1 in 
200,000 /



200,000 of* Burroughs and Wellcome's hemisine.
In connection with the intravenous injection of 

adrenalin, there are several points to which I should 
here like to draw attention :

(1J Intravenous injection of adrenalin does not 
produce any effect upon subsequent injections, pro
vided a short time be allowed to elapse between them.
It will be seen in PI. 31 that I have injected ten 
similar quantities of adrenalin intravenously, and 
that the reaction has taken place each time and given 
an exactly similar result. One injection of adrenalin 
therefore, has no inhibiting action upon the rise of 
blood-pressure produced by a subsequent injection, 
provided a few minutes be allowed for the first re
action to pas off.

(2) The amount, of rise in the blood-pressure 
bears a very intimate relation to the amount of sub
stance introduced. This is well shown in PI. HI.
Here six different amounts of adrenalin chloride have 
been successively injected, and it will be noted tla t 
if the quantity of the dose be doubled, the rise in 
blood-pressure is exactly twice as great as before.
If the amount be again doubled, the blood-pressure is 
again approximately twice as great. This relationship 
between the quantity of adrenalin injected and the rise 
in blood-pressure is so delicate as to form an extreme
ly accurate method of determining the amount of adrenain 
present /



present in solution®. It has been found by Cushny to 
be ®o accurate a method that he was enabled to show 
that while natural adrenalin is levo-rotatory, arti
ficial adrenalin contains equal quantities of dextro
an d levo-rotatcry substances, as he found that the 
rise in blood-pressure resulting from the injection 
intrevenou®ly of a certain quantity of natural ad
renalin was exactly double the rise of blood-pressure 
resulting from the intravenous injection of precisely 
the same quantity of artificially prepared substance, 
lie thus demonstrated very clearly how extremely ac- 
-cura.te and valuable this method is for the estimation 
quantatively of small amounts of adrenalin. In my 
experiments I invariably injected first an extract made
from the suprarenais of a normal guinea-pig. This was

anfollowed after a few minutes by^injection prepared 
from the suprarenais of a guinea-pig which had been 
killed by diphtheria toxin, etc., and then a third in
jection was given a few minutes later prepared from a 
second normal guinea-pig. If no rise in blood-pres
sure was found after the second injection, no adrenalin 
was considered to be present in those suprarenal glands. 
A certain quantity of Parke—Davis’ adrenalin was then 
introduced in order to determine the relationship be
tween the amount of adrenalin present and the rise in 
blood-pressure. By this means I was enabled to 
determine /



determine in a very exact, manner the amount of diminu- 
tion of adrenalin in animals killed by various toxins 
and poisons, and also to ascertain the amount of ad
renalin which had, disappeared from the gland under 
those conditions. As I shall afterwards show, pro
vided the resulting toxaemia has not been too sudden, 
there is a complete absence of adrenalin in the supra
renal glands in these c ircumstances.

(3) When injecting small quantities of adrenalin 
I was very much struck by the fact that occasionally, 
instead of obtaining a rise in blood-pressure, I ob
tained a marked fall. This fall in blood-pressure 
invariably occurred when very small quantities of 
adrenalin were present in the solution, and I con
sidered that it was due to the presence of other sub
stances in the extract made from the -glands. . In 
order to determine this question, I injected very 
small quantities of Burroughs and Wellcome' s hemisine 
and Parke-Davis1s adrenalin-chloride, and obtained a 
similar diminution by means of these substances. I 
have ®ince discovered that Meyer found the same result 
after injecting small quantities of artificially pre
pared adrenalin, so that this fall in blood-pressure 
is the result of the adrenalin itself, and not of 
other substances present in the extract. Meyer con
siders that the adrenalin has a direct action upon the 
vaso-dilator /



vaso-dilator fibres, (see later). This action is of 
some considerable importance, as in cases where there 
is a marked diminution in the amount of adrenalin 
passing into the circulation, the effect which it 
will produce upon the vessels would thus appear to be 
one of vaso-dilatation, instead of vaso-constriction, 
in consequence of which there would result a further 
fall in blood pressure. This effect is only produced 
when very small quantities of adrenalin are injected,
( e.g. I in 500,000 to I in 1,000,000) and thus the 
reaction is not directly comparable to that obtained 
by intravenous injection of pituitary extract where 
both pressor and depressor effects mey be obtained 
by successive injections of the same quantity of 
pituitary extract. With suprarenal extract, the 
depressor effect is only produced by very small doses. 
If, therefore, a slight depressor effect is got by
injecting an extract from the suprarensls glands of a 
guinea-pig killed by diphtheria toxin, it may be 
regarded as evidence that there is only a very small 
quantity of adrenalin present in those particular 
suprarenal glands from which the extract was prepared.

III. Bichromate Method.
This method is based upon the fact that cells contain- 
-ing adrenalin stain yellowish brown with bichromate 
solutions, a reaction which has been ,rery thoroughly 
investigated /



investigated by Kohn (Arch, f. mikros. Anet., 1903). 
Kohn points out that all cells which contain adrenalin 
give this particular colouration, and that no other 
cells in the body react in a similar way, so that any 
cell which gives this reaction may be regarded as con
taining adrenalin. It is known that adrenalin itself 
darkens the colour of chromate solutions.

In my experiments I invariably cut a small section 
from the glands and placed it in bichromate, in order 
to ascertain the accuracy of this test, and to compare
the results obtained by this method with those ob-

,-tained from the effects upon the blood-pressure on 
intravenous injection. The results given by this bi- 
•chrornate method were satisfactory to a degree. When 
the amount of adrenalin present in the gland was found
to be very small by the rise in blood-pressure, it was
invariably discovered that the bichromate stain was 
very slight, ’while in cases where there was complete 
absence of adrenalin on intravenous injection, the bi
chromate stain was always found to be absent. This
test is so exact that I propose in many cases, espec
ially in investigating the condition of the suprarenal 

in manglands^as regards the amount of adrenalin, to make use 
of it alone, as in many instances it was impossible to 
carry out blood—pressure experiments at the time when 
the suprarenal glands were obtained. The most 
suit able /



suitable method, of dealing with sections in this way 
is to place them in a solution of 90 parts of 2.5$ 
potassium bichromate and 10 parts of 10$ formalin.
This in the solution recommended by Kohn, and I have
found it in every way most satisfactory to work with.

■

The suprarenal tissue should be left in this solution 
for about 24 hours. It should then be removed and 
washed in water for a few minutes, then transferred to

!gum. It may then be frozen and mounted in glycerine.
or Tarrant's medium. The yellow colour is destroyed
if the tissue is passed through alcohol and embedded
in paraffin. As I propose to make great use of this
particular reaction in order to detect tie presence
of adrenalin, and as I have hitherto used it in every
case, it is of importance to understand within what
limits it may be applied, and under what conditions
adrenalin is absent from the glands. Suprarenal 

loioglands fixed in /formol for 24 hours give no reaction 
if they are subsequently placed in bichromate, as the 
adrenalin is apparently destroyed or otherwise altered 
by a pure forirol mixture. Absolute alcohol very 
rapidly destroys its yellow stain, but 50$ or 75$ 
deepen the yellow to brown, and do not destroy it at 
all quickly.

This /



This stain is best demonstrated by taking the 
suprarenale of a oat immediately after death and 
placing them in it for 24 hours. Under normal condi
tions the whole of the cells of the medulla stain a 
more or less uniform yellow. In connection with in
vestigations upon the amount of adrenalin present in 
the suprarenal glands in man, the question of the rate 
at which the adrenalin becomes destroyed in the body 
after death is of great importance. In order to as- 
certain this, I investigated this point somewhat fully 
in animals.

If the supra renais of a cat be removed 24 hours 
after death and placed in bichromate solution, the 
yellow reaction is still positive. If one of the 
suprarenale be removed immediately after death and the 
other 24 hours later, they both stain yellow, but the 
latter does not show so intense a. stain as the fermer. 
The twelve hours immediately following death appear to 
produce very little change in the intensity of this 
stain, but from that time onwards there is a very ap
preciable diminution in its depth.

From another animal I removed one suprarenal 
gland 24 hours after death and the other 24 hours 
later. The difference between these two glands was 
very /



very marked. As a general rule the amount of adrenal 
-in contained in a gland undergoes great diminution 
48 hours after death, so that it is difficult by that 
time to be certain as to the amount originally present 
Investigations as to the amount of adrenalin contained 
in the suprarenal glands 48 hours after death cannot, 
therefore, be relied upon. Sven after 36 hours the 
result of testing is somewhat indefinite. In using 
the bichromate method I have occasionally found ad
renalin present, but at other times the reaction was 
negative, so that although after 36 hours the reaction 
is probably a fairly good guide, it cannot be regarded 
as absolutely accurate, and the limit of the production 
of this yellow stain by means of bichromate should be 
fixed at sbout 24 hours.

Observations made within 24 hours may be absolute
ly relied upon; those from 24 to 36 hours are some
what indefinite, and those carried out after 36 hours 
are entirely unreliable. But if carried out within 
the first 24 hours, this reaction is as valuable as 
the blood-pressure test for the purpose of determining 
the presence or absence of adrenalin, and the amount 
of adrenalin in the glands bears close relationship to 
the depth and intensity of its stain. In cases where 
the quantity of adrenalin in the gland has become 
diminished, the stain is invariably less intense than 
in /



in the normal gland. Thus this reaction affords an 
extremely delicate and valuable test as to the pre
sence or absence of adrenalin. Where the glands from 
experimental animals have been obtained fresh, it is 
hardly necessary to examine them by means of the blood- 
pressure method, as this bichromate stain gives all 
the informatio n required» The yellow stain never 
fails to appear except in cases of great exhaustion of 
the gland, and the presence of other substances does 
not appear to interfere in any way with this reaction. 

We may thus draw the following conclusions :
(li Cells which react positively to this stain 

always yield adrenalin to extraction. A negative 
reaction is always associated with absence of adren
alin.

( 2) The results obtained by blood-pres°ure are 
always identical with those obtained by this reaction.

(3) The reaction is positive up to the twenty- 
fourth hour after death; after 36 hours the amount of 
adrenalin cannot be definitely ascertained.

■

IV. The Ferric Chloride Reaction (vulpian) 
Solutions of ferric chloride also give rise to 

colour reactions with adrenalin, but it is not 
sufficiently accurate to be of value for its detection,



v . Other Adrenalin Reactions.
(1). Comessatti's reaction.
(2). Erankel-Allers Reaction.
(3). Ewins’ reaction.

Come®®attl' s reaction consists of the addition of a 
few drops of 0.2$.mercuric chloride to a dilute 

solution of adrenalin. A rose-red colour appears in a 
few minutes at ordinary temperatures. The maximum 
dilution at which it appears is stated to be I in 
4CC,000. (Munch, med. fochsoh. 1903).

Boas (Zentrlbl. f. Physiol. 1909) could not obtain 
this reaction unless the solution be boiled and shaken 
vigorously; and Fraflkel and Allers (Blochem. Zeitschr. 
1909) confirmed these statements.

Comessstti however, pointed out that the reaction
could be easily obtained id' tap water be used, but 
not so readily with distilled water. It was later 
found that it depended upon the presence of calcium 
bicarb, in the tap water, as distilled water to which a 
little calcium bicarb, had been added produced a 
beautiful red colour in a few minute® with adrenalin. 
The calcium bicarb, plays the part of a catalyser in 
the oxidation of the adrenalin by mercuric chloride 
The mercuric chloride may be replaced by any oxidising 
salt, such a® silver nitrate, copper sulphate, etc.; 
and any salt of calcium in the presence of a weak acid 
is sufficient to produce the reactionf



Ewins (Jour, of Physiol. 1910) states that this is
just one particular instance of a general reaction 

namely, the oxidising of adrenalin by relatively 
weak oxidising agents under the catalytic influence 
of salts which are of the type 'strong base + weak acjid’ 
and he further states that the reaction is of no 
value quant itatively.

(2). Frankel-Allers reaction«
consists in heating to just below boiling- 

point, a dilute solution of the base with an eoual 
volume of N/l000 solution of potassium biiodate, and 
a few drop® of dilute phosphoric acid. A rose-red 
colour results, which becomes violet on standing.

Ewir® (loo. ait. ) states that if the pure base 
be used, the reaction i« as delicate as I in 1,000,00 

Bayer (Biochem. Zeitseh. 1909 ) points out that 
if sulphanilic acid be added in addition, on heating 
a yellow instead of a rose tint results; this reactit 
is as delicate as I in 5,000,000.

This reaction is not suited for quantitative use

Ewins' reaction.
consists in the addition of a solution of 

potassium persulphate to the solution of adrenalin so 
that a concentration of the former of about 0.1$ is 
produced. A beautiful red colour from the oxidation 
of the adrenalin results upon warming.



Ewins states that as there is some relation between 
the depth of colour produced, and the physiological 
activity of the gland, posèibly this reaction 
might be of value quantitatively; but I have not 
made use of it, as it is too delicate for comparati 
experiment®.



SUPPARENAL GLANDS IN DIPHTHERITIC



PRESENT RESEARCH

1. Condition of_the Suprarenal Glands in Diphtheritic
Toxaemia :

It is well known and frequently observed that the supra
renal glands in guinea-pigs which have died from diph
theritic toxaemia are swollen, enlarged, red and deep
ly congested.

In my experience, the congestion of tie se glands 
is invariably present in the guinea-pig under such 
conditions. In connection with this investigation, I 
have examined over a hundred, guinea-pigs killed by 
diphtheria toxin and have not found this congestion 
absent in a single case. In acute cases the supra
renal glands are deep red in colour - almost the 
same red as the kidney itself - and it may be two 
or even three times as large as normal.

This degree of swelling and congestion varies with 
the acuteness of the toxaemia. If the animal dies 
within 24 hours, the glands are enormously swollen and 
congested. In one case - the most extreme I have
ever met with - they were almost as large as the kid
ney itself. In less acute cases the swelling and Con
gestion are less marked, and in those in which death
does not occur until the sixth or seventh day, the 
congestion /



congestion is very slight.
The weight of the two suprarenale of the healthy 

guinea-pig is subject to great variations, and the sise 
of the two glands may vary considerably in the same 
animal. As a rule the tendency is for the left to be 
the larger of the two, a fact which has already been 
recorded by Elliot (Joum. of Physiol., Voi.xxxiv,
1906, p. 1335).

The guinea-pig is unique in possessing unusually 
large suprarenal glands, but this enlargement has been 
shown by Elliot to be for the most, part due to the 
greater size of the cortex.

I shall give below a list of what may be taken to 
be the average weight of the two suprarenal glands in 
guinea-pigs of different sizes. In all my experiments 
I have made it the rule to weigh the animal and later 
to weigh the suprarenale. These were carefully re- 
-raoved after death, and the surrounding fat, together 
with the connecting tissue, were then taken away, and 
the glands weighed. The list has been prepared by 
taking the average weight of the suprarenal glands in 
animals of different weights, but it should be clearly 
understood that these results are subject to great 
variation - a point of much importance when we con
sider how much work has been done upon the subject ot 
compensatory /



compensatory hypertrophy of the internal secreting

tally in regard to the supposed interchange of function 
etc., between the thyroid, pituitary and suprarenal 
glands and the changes which occur in the one gland 
after experimental removal of the others.

Weight of Guinea-pig Weight of Suprarenals.

The amount of variation for any of these weights is 
approximately .1 grm. in either direction; e. g., for

vary in weight from .3 to .5 grms., a very consider
able difference.

The diphtheria toxin used in the following experi—

Institute and Dr MacConhey of the Elstree serum de
partment. I got the toxin from them upon two occas
ions. The first diphtheria toxin they sent me was 
stated /

glands and their relationship to each other, espec-

100 grms .2 grs.
150 « . 3
200 h . 35
250 .4
300 h . o

500 .85
600 l.C

an animal weighing 250 grms. the suprarenal glands may



stated to have a minimum lethal io^e of 1/300 oc. This 
I found to be quite correct. The second supply was 
stated to have a minimum lethal dose of 1/500 cc., but 
this had evidm tly varied slightly from the time when 
it had been standardised. I measured out this minimum 
lethal dose very carefully and used it for subcutaneous 
and intr&peritoneal inoculation of guinea-pigs, but 
always failed to obtain a lethal result. I ultimately 
found the minimum lethal dose to be about 1/350 cc.

The first series of experiments which I propose to 
describe related to the changes which occur in the 
amount of adrenalin present in the suprarenal glands 
in diphtheritic toxaemia.

My method was to inoculate a guinea-pig of Known 
weight with e. definite amount of diphtheria toxin. As 
soon as death occurred, the suprarenal glands were re
moved, cleaned, weighed and ground up in a mortar 
with a definite quantity of normal saline. A healthy 
guinea-pig was also Killed and treated in an exactly 
similar manner. For the blood-pressure experiments I 
used rabbits and cats, mostly the latter. The pro
cedure of this part of the experiment has been already 
described.

I made over a hundred experiments upon guinea—pigs 
with /



with diphtheria toxin, twelve upon rabbits and thr ee 
upon cat s. The results were consistent in every case. 
The earlier parts of the worK were carried out in Pro- 
fessor Cushny's laboratory in University College, Lon
don, who expressed complete satisfaction as to the 
accuracy of the results obtained. In the following 
account I have considered it necessary only to describe 
a representative series of experiments, as a repetition 
of similar experiments serves no purpose beyond that 
of confirming the accuracy of those already accom
plished.

Experiment I.

Guinea-pig : healthy : male ; weight - 250 grms.
Subcutaneous inoculation with l/soo cc. diphtheria 
toxin at 11 a.m.

Animal very lively for next three days.
On morning of 4th day anirnal very quiet; would
not, move about cage and died at 2.30 p.m.

Suprarenal glands at once removed ;
found to be red and congested ;
weighed - • TI grms.

Small section of middle of one gland placed in 
formol-bichrornate solution; staining reaction 
found /



found, later to be negative.
Rest of glands ground up with 3 cc. normal saline.

Blood-pressure. experiment :
Cat : male : healthy : weight "»5 kilos.

•> ^

Given 7 oc. paraldehyde by month at 4.30 p.m. 
Artificial respiration.
Carnalse in carotid artery and jugular vein.
Vagi not cut, but small quantity of atropin givoi 

internally.
5.15 p. in. All extract from normal guinea-pig

injected intravenously ;
Immediate and marked rise in pressure ; 

Canula washed clean with norm? 1 saline.
5.20 p.m. All extract from diphtheria guinea-

pig injected intravenously ;
No reaction of any kind.

Canula washed.
5.30 p.m. l/100.000 hemisine (Burroughs and

Wellcome* s) inj? oted intravenously ;
Immediate and marked rise in pressure.

I have chosen the above experiment as it demonstrates 
very clearly the principal points which I wish to make 
evident :

( 1 J  /



(1 ■) The guinea-pig lived four days ;
(2) The suprarenal glande contained no adrenalin 

and were markedly swollen and congested,
In other words, guinea-pigs dying on the fourth day 
from diphtheritic toxaemia show complete absence of 
adrenalin from their suprarenal glands.

Experiment II.
Guinea-pig : healthy : female : weight - 133 gm.

Subcutaneous inoculation with 1/300 diphther- 
-ia toxin at 3 p.m.
Died 1 p.m. two days later.
Suprarenals at once removed and cleaned. Found 

to be greatly congested and swollen, 
weight - .3V grms. .

Small section placed in formol-bichromate solution. 
Rest of glands used for extract.

Blood-pressure Experiment :
Cat : weighed 3 kilos.
Paraldehyde : artificial respiration ; atropin;
Canulae in carotid and jugular ;
4.30 p.m. Normal guinea-pig : typical rise

in blood-pressure ;
4.40 p.m. Diphtheria guinea-pig : slight

rise in blood—pressure (see tracing vili ) 
Canula washed out.

4.45 p.m. I



4.45 p.m. l/lOO. 000 solution of lierai si ne (3.
t W. ) : typical rise.

In this case the animal only lived two days. The 
suprarenal glands were extremely congested and swollen 
and contained a small quantity of adrenalin, as shown 
by the slight rise in blood pressure and the faint 
yellow colouration by the bichromate stain.

Experiment III.
Guinea-pig healthy : Male : weight - 165 grras.

Subcutaneous inoculation with I/40C diphtheria 
toxin at 10.30 a.m.

Died next morning at ll a.m.

Suprarenal glands removed : extremely congested
and enlarged : weighed - »51 £rms.

Small section of gland placed in formol bicnrornate 
solution ;

Pest of gland used for making extract.

Cat : healthy : male : weight - 3 kilos.
Paraldehyde : artificial respiration t atropin ;
Extract j



Extract from normal guinea-pig : immediate and
typical rise in blood-pressure.

Canula washed with normal saline solution.
Extract from diphtheria guinea-pig : slight rise

in blood-pressure, amounting to about half tir t 
obtained from the normal extract.

Canula again washed with normal saline solution. 
Injection of l/lOO.OOO hemisine solution (33. & W. I)i

immediate and typical rise in blood-pressure.

In this experiment the points to be noted are that the 
guinea-pig died within 54 hours after receiving the 
dose of diphtheritic toxin. The suprarenal glands 
were found to be in a state of extraordinary conges
tion, being almost half as large as the kidney itself, 
and microscopically they showed haemorrhages into the 
medullary tissue. Both by the bichromate staining 
method and by the blood—pressure experiment related 
above, evidence was given of the presence of adrenalin 
in these glands, although in diminished quantity.

'Experiment IV.

Guinea-pig : healthy : male : weight - 130 grms.
Received l/250 cc. diphtheria toxin subcutaneously 
at /



Appeared active until 3rd day, when it became very 
quiet and ‘died at 10 a.m.

Suprarenal glan da immediately removed and cleaned; 
weighed '22 grins.

Section placed in formol bichromate solution ;
Rest of gland used to make extract.

Blood-pressure Experiment :
Cat : healthy ; male ; weighed 2 Kilos.
Paraldehyde : artificial respiration ; atropin as 
usual ;

Extract from normal guinea-pig caused immediate 
and typical rise in blood-pressure ;

Canuia washed with normal saline ;
Extract from diphtheria guinea-pig produced slight 

fall in blood-pressure ;
C a n a l  a again washed ;
Injection of l/lOO.OOO hemisine (B. & w.) gave 

typical and immediate rise of blood -pressure.

at 11 a.in.

In this experiment it will be noticed that the animal 
survived three days. The suprarenals were found to 
be red and congested, but not so markedly as in the two 
preceding experiments. Intravenous injection and bi—
- chromate staining only showed the presence of a trace 
of /



Of adrenalin in the suprarenals, proving that the ex
haustion of the gland, although very nearly complete, 
was not yet quite absolute.

Experiment V.

Guinea-pig : healthy : male : weight - 400 grms
Received hypodermically 1/400 cc. diphtheria 
toxin.

Animal died on the 8th day after the injection. 
Suprarenals removed and found to be slightly red 
dened, but neither greatly swollen nor con
ges ted.

Small section placed in fcrmol bichromate solution 
lest of gland° used for blood-pressure experiment 

B10 o d—pres sure E xp er im en t :
Cat : healthy : male : weight - 2.5 Kilos.
Paraldehyde, etc., as usual ;
Extract from normal guinea-pig caused typical and 

immediate rise ;
Canuia washed with normal saline.
Extract from above guinea-pig produced no effect 

of any Kind.
Canuia a g a in washed.
l/lOO.OOO hemlsine gave immediate and typical 

rise in blood pressure.

In /



In this experiment the point to be noted is that the 
animal lived for a period of eight days after the in
oculation. The suprarenale were found to be merely 
slightly congested, but the blood—pressure record and 
the bichromate staining reaction showed that they were 
completely exhausted and contained no trace of adren
alin.

Experiment VI.

Guinea-pig : healthy : male : weight - 6*70 grins
Hypodermic inoculation with 1/400 cc. diphtlr ria 

toxin.
For the next few days the animal was healthy and 

aetive.
After the tenth day it showed no symptoms of any 
hind, and it was then hilled.

The suprarenale were found to be healthy and not 
congested.

Bichromate staining and blood-pressure experi
ments showed only a slight diminution in the 
amount of adrenalin present.

In this experiment it will be noticed that the animal 
survived the dose of toxin and that the suprarenale
were found to show none of the changes which had been

'"x>present /



present in the glands of animals which had died from 
diphtheritic toxaemia. In every case in which the 
animal survived the dose of toxin, the suprarenale 
failed to show any sign of marked lesion.

5 x v eriment VII.

Guinea-pig : healthy : male : weight - 350 grrm.
Received l / z O O cc. diphtheria toxin subcutaneous- 

ly at 11 a.m.
Animal was Killed at 11 a.m. two days later.
Suprarenals removed : found to be red and
slightly congest ed.

Small section was placed in f armol-bichroraate.
Rest used for blood-pressure experiment.

Blood-'pressure experiment :
Cat : healthy : male : weight - 3 Kilos.
Paraldehyde; atropin, etc., as usual.
Extract from normal guinea-pig gave typical and 

immediate rise in blood-prsssure.
Ganuia washed.
Extract from above guinea-pig gave slight rise in 

blood-pressure - about half as marked as the 
normal.

C anula /



C a nula agsi n washed.
l/lOO.OOO hemisine injected ; gave immediate and 

typical rise in blood-pressure.

The important point in this experiment is that this 
animal received a 1/300 cc. diphtheria toxin. Ac
cording to the average length of time which this dose 
should require to Kill a guinea-pig, and which was at 
the time confirmed by control experiments, this animal 
would have survived until the end of the 4th day. It 
was, however, Killed at the end of the second day, and 
we were thus in a position to ascertain the condition 
of the suprarenals during diphtheritic toxaemia and to 
contrast it with that found after death has taken 
place. We found in this case that the gland already 
showed signs of commencing exhaustion and congestion, 
the amount of adrenalin which it contained being al
ready reduced, although not entirely absent,

5 xp erlm ent V III.

Guinea-pig ; healthy : male : weight - 250 grms.
Received l/300 cc. diphtheria toxin subcutaneous- 
-ly, and two days later a dose of anti-toxin.
The /



The animal recovered completely.
At the end of the sixth day it was Killed.
Tiie suprarenale were examined and found to he 

only slightly congested. On intravenous in
fection only a slight diminution in the normal 
amount of adrenalin was found to be present.

In this experiment the animal would, in the normal 
course of events as confirmed by controls, have died 
at the end of the 4th day. We have seen from Experi
ment II that the suprarenale already showed signs of 
commencing exhaustion by the end of the 2nd day. In 
this experiment, however, we gave the animal a dose of 
anti-toxin, In consequence of which it recovered. The 
condition in the suprarenals then passed off and after 
the 6th day the congestion and exhaustion which had 
already commenced by the second day had not proceeded 
any further.

In the preceding experiments we found that if a 
guinea-pig be given s. dose of diphtheria toxin which 
produced death in four days, examination of the supra
renal glands shows congestion, swelling and redness, 
with complete exhaustion of the medulla - a result 
which /



which I obtained without exception in every case. if 
the animal die after the 4th day from the diphtheritic 
toxaemia, it is usually found that although the glands 
are completely exhausted, the congestion and swelling 
do not occur to the same extent • There may be merely 
slight reddening of the gland, but there is usually no 
marked change from its ordinary yellow colour. If, 
however, death has taken place on the 2nd or 3rd day, 
the glands become extremely swollen and congested, and 
if death has occurred within 24 hours, there is usually 
also haemorrhage into the tissue. Then under the se 
conditions the gland becomes so extraordinarily con
gested, the circulation of blood through it must he 
interfered with. This congestion does not take place 
to the same extent in other organs. It is obvious 
that if a glsnd, the secretion of which passes into 
the circulation, become extremely congested and the 
circulation through it correspondingly diminished, the 
amount of secretion passing out thr ough that gland 
into the circulation will be very deficient. The 
condition thus produced in the circulation is there
fore similar to that caused by complete absence of 
secretion from exhaustion, i. e., if the animal die 
after four days the gland becomes exhausted; if it 
die at an earlier period the gland becomes so congest
ed that although a portion of the adrenalin has been 
removed /



removed, the remaining portion does not pass out into 
the circulation. The condition is therefore preoiselv 
similar to one of complete exhaustion. In every case 
in which the animal survived the dose of toxin, the 
suprarenals were found not to be seriously affected, 
and they gave a positive reaction to bichromate stain
ing ,

Action of btphtheria Toxin upon Other Animals,
In order to ascertain whether these facts are typical 
for the guinea-pig or hold for other animals also, I 
experimented, upon rabbits and cats, using altogether 
twelve of the former and three of the latter. The re
sults were in every case in agreement with those ob
tained from the guinea-pig, except that in the rabbit 
and the cat the .glands do not appear to undergo the 
extraordinary swd ling and engorgement that takes place 
in the guinea-pig. The exhaustion of the medulla, 
however, proceeds in exactly the same way.

Experiment IX.
Pabbit : healthy : male : weight - .54 kilos.

Received l/30 cc. diphtheria toxin hypodermically
Animal died on 4th day ;
Small part of suprarenal gland removed for formol- 
bichromate staining I rest used to make extract

Cat /



Cat ; paraldehyde; atropin, etc ;
Extract from normal rabbit : immediate and

typical rise in blood-pressure ;
C a n n i a w a s h e d  ;

Extract from above rabbit gave no rise in blood- 
pressure ;

Canula again washed ;
l/lOO.OOO hemisine (3. 4. w. ) gave typical rise 

in bloo d-pressure.

Experiment X.
Cat : healthy : male : weight - 2 kilos.

Received l/5 ce. diphtheria toxin hypodermic a Uy>.
Animal died on 4th day ;
Small portion of suprarenal glands removed for 
formol bichromate staining ; rest used to 
make extract ;

Cat : paraldehyde : atropin, etc ;
Extract from normal cat gave immediate and typical 
rise in blood-pressure ;

Cenule washed in saline ;
Extract from first cat gave no rise in blood-pres- 

sure ;
Canula again washed ;
l/lOO.OCO hemisine (3. £ w, ) gave typical rise.



Exhaustion of the suprarenal glands, therefore, 
also occurs in the cat and the rabbit, but the 
visible changes in the suprarenal glands are not 
so prominent a feature. They are best seen in the 
guinea— pig, which possesses unusually large 
suprarenal glands (Elliot, loc. cit.)

As a general rule, in the less acute types of 
infection, the exhaustion of the suprarenal glands 
takes place gradually, and at the time of death is 
usually very complete.

In the more acute types, however, the swelling 
and congestion m a y  be of an extraordinary acute tyj 
and, in consequence, although there is still some 
adrenalin present in the gland, it is unable to pas 
out into the circulation, producing a relative 
absence of adrenalin, which produces the same effects 
upon the circulation as complete absence of adrenalin.

In the cat and rabbit, the great congestion 
and swelling of the suprarenal glands, «0 typically 
seen in the guinea-pig, do not take place to the 
same extent; and, although often not visible to the 
naked eye, congestion of the vessels to a varying 
degree is always seen upon microscopic examination.



Summary.

(I ). In guinea-pigs dying from diphtheria toxaemia .
the suprarenal glands become greatly congested

and swollen, and may become exhausted of all 
their adrenal in.

(2). The degree of congestion and swelling Is most
marked in the more acute types of infection. 
Under these conditions the suprarenals glands
usually contain a diminished__quantity of 
adrenalin.

(3). In the less acute types o-s Infection, the con-
-gestion and swelling o f  the suprarenal giant
is not such a prominent feature; but the gland
are usually completely exhausted of all their 
adrenalin.

(4). These ch nges are be°t studied »in the guinea—i)i
but are also present in the cat and. the rabb



THE CHEO’-AFFINE TISSUE SYSTEM,



The Chromaffine Tissue System

The cells of the medulla of the suprarenal glands are 
specially characterised by the fact that they stain a 
peculiar yellowish-brown colour with solutions of pot- 
-assium bichromate. This peculiar property was first 
discovered by Herle (3 ) in 1855. It was confirmed 
pp years later by Stilling (in 18 67), who applied the 
term 11 chromophii11 to such cells on account of this re- 
-ac+ion. Kohn ( 7 ) in 1903 made a most thorough and 
systematic examination of these cells and showed that 
they were not limited to the medulla of the suprarenal 
glands, but were present alao in considerable numbers 
in the sympathetic ganglia and other situations. He 
names them 11 ohromaffin11 cells and still later Poll (12, 
who also studied this subject, called them "phaochrome” 
cells. of these terms, however, the second is the one 
most commonly in use at present (e.g. by Elliot ( 5 ), 
Ogpenheirr. (10 ), 0hvo°teX ( 4 ), Biedl ( 3 ), and others). 
I therefore uee the term "chromaffin11 in regard to 
these cells.

The discovery of this peculiar staining reaction 
was the ®tarting-point of a large number of investi- 
-gat ion*7 upon * hi * subject, and whsn^ after the dis—
■covery of the blooct-pressure raiding action ot an 
extract j



extract from +hese cells? of the medulla of the supra
renal gland, by Oliver and rtchafer (II), it war pointed 
out by Kohn ( 17 ) that all cells which exhibited this 
bloocL-pressure reaction also gave this peculiar yellow— 
-ish-brown stain, this stain became a very delicate 
means of testing for the presence of adrenalin, with
out having recourse to bl00d-pressure experiments. 
Adrenalin deepens the colour of bichromate solutions 
(Elliot (f ) 1. Kohn ( 0 ) also showed that no other 
cells in the body exhibited this reaction except those 
which yielded adrenalin to extraction, and thus we 
have at our disposal a peculiarly simple method of de- 
-tecting the presence of such cells histologically. 
vhe cells of the cortex of +lie suprarenal gland never 
give this reaction. I have particularly studied the 
question of the relationship of this yellow staining 
reaction to the amount of adrenalin present, as shown 
by bl00d-pre°®ure experiments, both in regard to the 
question of the disappearance of adrenalin from the 
suprarenal glands after death and as the result of ex-, 

-haustion of the gland, in various toxaemias and other 
conditions, and have found that a gradual diminution 
of this stain goes hand in hand with s. diminution in 
the amount of rise of blood—pressure on intravenous 
injection into animals, and that an absence of any 
blood-pressure /



b 1 ood-prepr"ure reaction is always associated with a 
complete 3 0®!*=' of* any staining power of the*e cells to 
bichromate solutions. This yellow staining reaction 
g1 wse n«» ji? st an reliable a guide to the condition of 
the medulla of the suprarenal glands in regard to tbs 
amount of adrenalin present in the cells as do the 
blood-pressure experiments in animals, end it in there
fore an extremely valuable means of examining the 
medulla of the suprarenal glands in ca000 i71 nan in 
which there is no opportunity at +he time of the re- 
-moval of the glands for making blood-t>re«snure experi
ments, as is so often the ca^e.

As I have already mentioned, the presence of 
ganglion eel is -¡n tv« medulla of the suprarenal glands 
has been recorded by Mulilmann (3 ), Auchel (? vin_- 
-oent (IT), pnri Siriinko (14). The two former ob- 
-servers considered that these ganglion ceil'3 had grown 
in second art iv. while the latter two investigators 
found all transition forms between these ganglion 
cells (sympathetic) and those of the ceils of the 
medulla of the suprarenal glands. The whole question 
of the rei a +. 1 on ship between the cells of the sympath
etic ganglia and those of the medulla of the supra— 
renal was very thoroughly investigated by
Eofrn (7 ) in 1905.

Kohn ( 7 ) used the above bichromate stain in vie

investigation and studied first of all the question of 
the j



medulla of th® ^ ^ " = 1  capsules, although united 
into one body in the mammalia, are separated from each

V

other in all the lower group* of vertebrates; e. g., ir 
Tie *inc branch fishes the cortex is represented by the

+ he development of tie medulla of the suprarenal bodies 
We know from the rowitr ap n p  work of Otto Aiohel ( I 
Swale Vincent (I*7) and others that the cortex and the

"internal body", a rod-shaped structure usually situ
ated in the region of the posterior part of the kidney 
This body is composed of masses of cells resembling 
glandular alveoli containing fat globules, and. other
wise resembles the cortex of the suprarenal glands 
in Mammalia. The medulla, is represented by a series 
of paired bodies arranged along the aorta. These 
bodies are rich in vessels and their cells stain yellow 
with bichromate solutions. According to Swale ^in— 
cent ( 117 ), an extract made from these bodies causes an
Immediate rise of blood-preesure, eo that the evidence
of their nature is complete. Amongst the Telesotei
and Ganoldei the medulla has not yet been found, al-
•-though the cortex is present, embedded in the substance
of the kidney.

In Amphibia, both the medulla and the cortex arc 
situated in the interior of the kidney, either in

several small masses or united together to form larger 
ones. in frogs, the medulla forms a distinct bulging 
dp on /



upon the surface of the kidney and can be dissected off. 
An extract produces the typical rise in blood-pressure 

In the P.eptilia the suprarenal glands are in
timately associated with the reproductive organs, the 
cortex and medulla usually lying side by side along 
the dorsal aspect of the organ. Here, however, we 
find a commencement of that intimate intermingling of 
the two which is characteristic of Aves.

In Aves the suprarenale are bright yellow bodies 
in close con tec t with the reproductive glands, the 
cortex and the medulla being more intimately mixed 
than in any other animal up to this stage, and the pro 
-perJ lone. 1 amount of medullary tissue being much great
er - an interesting fact, as fhe blood—pressure in 
birds is. unusually high. They stain brown with bi- 
-chromate solutions and tend to be rich in sympathetic 
ganglion cells.

In the Mammalia the cortex and the medulla are 
not irregularly mixed up together as in the birds ; 
the medulla is placed internally and is surrounded 
completely by the cortex, transitional types of cell 
between the ganglion cells and the medullary ceil* 
not being so frenuent a* in the lower vertebrates.

The evidence from comparative anatomy thus she s 
very clearly that the two parts of the «uprarenal 
glands /



glands, the cortex and +hc medulla, are two Quite se
parate organs which become united together into one 
body only in the higher Mammalia.

The origin of the cortex is the same as that of 
the reproductive organs, i.e., from the germinal epi
thelium ( Chvostek (4 )).

The origin of the medulla, however, is of an en
tirely different, nature. It arise« from the sym
pathetic ganglia. Kohn found that at an early stage 
in the development of the sympathetic ganglia, when 
the different portions of the embryonic sympathetic 
nervous tissue is becoming differentiated into separ
ate ganglia to form the great, chain of the sympath- 
-et-ic, s curious change take* place in the cells them
selves, They become divided into two quite separate 
groupe of cells, each of which undergoes a separate 
course of development. The one group of cells, con
siderably the larger of the two in number, undergoes 
a. gradual and progressive development in+o -he nerve 
cells of the sympathetic ganglia. The other group 
takes an entirely different, course ; the cells sudden 
-ly increase in size at an extraordinarily rapid rate, 
and develop into those peculiar cell* which stain 
brown /



brown with potassium bichromate, and to which the term 
11 chromaf ftne11 ha* been giv-n. On tracing the«e cells 
backward* again in their development, a stage is 
reached when it is not possible to tell whether a eer- 
-tain cell belongs to the one group or the other, there 
being no structural difference between them by which 
they may be distinguished. If this latter group be 
now examined in detail, it will be found that , al- 
- though the* e c hr om affine cells are aggregated together 
into groups in different place*, they are often ar- 
-ranged in group* of only three or four cell*, and may 
occur singly. They are thus intermingled quite in- 
-diserinetely with the nerve cell* in the various sym- 
-pathetic ganglia, and are also particularly -abundant 
in the semilunar ganglion. If any of the ganglia in 
the sympathetic chain be examined, in the cat or the 
rabbit, during late foetal life or in the first few 
months after birth, large number* of chromaffine cells 
will be seen scattered amongst the other cells, (pro— 
-vided the bichromate method of staining ha* been em— 
-ployed). Although so many of these chromaf fine cells 
are so intimately related to the «yrapathetio ganglia, 
the larger groups tend to become separated from thern̂  
and to appear as isolated masse* upon the ventral sur
face of the abdominal aorta, especially towards its 
more distal portion. The*e groups are al*o found, on I 
careful /



careful examination, to contain typical ganglion ceils 
similar to those of the sympathetic ganglia, but they 
are not present in any large numbers. Such masses of 
chromaffin tissue are specially plentiful during foetal 
life ; they diminish in size and numbers and tend to 
atrophy during post-embryonic life. Certain of the 
larger groups (and occasional collections of'smaller 
group*), however, remain permanently, the largest 
mass persisting as the medulla of the *nprarenal gland*, 
while the smaller masses, when they persist, become 
what is usually known as "accessory suprarenal glands», 
a term not strictly accurate, as they contain medullary 
tissue only. There is one other gland in the body, 
however, which is formed of these chromaffine cells : 
the "carotid gland". This is a small gland situated 
just at the bifurcation of the common carotid artery.
It has been stated that the parathyroid glands are also 
remnants of chromaffine tissue. This i can contradict 
from personal investigation, and according to Stoerk 
( 16), the coccygeal gland is also not composed of 
ehromaffine cells.

The chromaf fine cells are therefore to be regard
ed as a special tissue system, and are characterised 
by the fact that their protoplasm stains intensely 
yellowish—brown with bichromate solutions, a reaction 
given /



given- by no other cells in the body. They arise from 
the embryonic and still undifferentiated sympathetic 
ganglia (or, possibly, the sympathetic ganglion cells . 
and the chromaffine cells both arise from the same 
original ceii-s). Although a great part of the chromaf- 
-fine tissue atrophies in later life, much of it still 
remains, partly distributed irregularly amongst the 
various sympathetic ganglia and plexuses, and partly 
as separate masses distinct from the ganglia. The 
largest of . these foims the medulla of the suprarenal 
body, while the other groups which happen to remain 
fori the“accessory cn.iprerenei bodie®• The carotid 
body is the name given to a similar mass of tissue in 
the cervical region. Kohn applied the term "para— 
ggngiien" to these masses of chromaffin© tissue (the 
term being no doubt analogous to "parathyroid"), and 
limited the u ce of the word "suprarenal" - to what is 
usually called the oar tex of the suprarenal, a termin- 
■oiogy which has not come into general use.

Zuck.erk.andl (I7 ) described, the presence of elon- 
-gated oval bodies in human foetuses close to the in- 
-ferior mesenteric artery, composed of chromafiine cell* 
analogous to those found in the medulla of the *upra— 
-renal gland. He called them "Nebenkorper des sym- 
pathikus".

Wie°el. /



WjeselS IQ) investigated very eg.rpfi.aiy one hum- 
dred cape? in man of all ages in regard to the question 
of the presence of chromaffin© cells and found them 
present in every case, not only in the sympathetic 
ganglia themselves, but also in the sympathetic chain, 
plexuses, and even amongst the fibres of the sympath- 
-etie nerves themselves, especially in the splanchnic 
and hypogastric nerves. They were also very frequent- 
-.ly found in the retroperitoneal space0. He identified 
them as being similar to the cells in the medulla of 
the suprarenal body in respect to their staining re
action vdth bichromate solutions. He draws parti- 
-cuiar attention to the ease with which they may be 
found if the bichromate method of staining be employed, 
fo the large number of such groups of cells which are 
actually present.

I have «hown that under certain conditions the 
cells of the medulla of The suprarenal bodies become 
exhausted of Their adrenalin, as °hown by the absence 
of ehromaffine stain. It is a point of some interest 
and importance to determine whether the other ohromsf— 
-fine cells of The body also become similarly exhausted 
under the above conditions. This cannot be deter- 
- mined from blood-pressure experiments, as according 
to /
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to cleghorn (18 ) the intravenous injection of extracts 
of sympathetic ganglia produce a fall of blood-prassure 
instead of a ri.se, in spite of the presence of such 
chromaffine c e l l s .  This is due to the amount of ner- 
-vous tissue present, extract of which produces a fall 
of blood-pressure (osbome and Vincent (IS )).

T investigated this question by removing the stel- 
-late and semilunar gang;lia in young cats along with 
adjacent pieces of nerve fibres and. parts of the great 
sympathetic chain. These were, as usual, placed in 
formoi-biohromate solution for PA hours and then trans- 

•• ferred to gum, frozen and cut. They were usually 
mounted in glycerine, either unstained or stained 
simply with haematoxylin, as this doe« not remove the 
bichromate colouring from the medullary cell0,

I found that the presence of chromaffine cells, in 
the stellate ganglion of the cat is not a very frequent 
occurrence, although on one or two occasions I dis
covered groups of chromaffine cells in the thoracic 
portion of the great, sympathetic chain adjoining. I 
have shown one of these in Pig. 4 & where it will be 
seen quite clearly that these chromaffine cells are 
simply lying amongst the nerve fibres,forming a small 
group of about twelve cells altogether, surrounded by 
s distinct capsule which separates them directly from 
the ¡



the nerve fibres amongst which they are embedded.
Chromaffine cells are much commoner in the semi- 

-lunar ganglion, and in almost every case I examined I 
found them well marked and well stained. They are 
quite irregular in their distribution, are «lightly 
smaller than the ganglion cells themselves, and 
possess a. somewhat smaller nucleus and a relatively 
larger amount of protoplasm than the ordinary ganglion 
cells. They are usually surrounded by a connective 
tissue capsule, and it is very noticeable that the yel

l o w  colour has not only stained the protoplasm of the 
cell, but has penetrated into the nuclear portion also. 
The «ectior. which I have represented in Pig.US'- is 
one of the most successful preparations t; at I have 
obtained, and is particularly rich in chromaffine cells. 
They are mostly irregularly oval in outline, and fre- 
-q.uer.tly united into groups. 'Vhen in groups, the 
cells usually abut upon one another, as shown in the 
Figure. The nucleus usually stains well. As a 
rule there is only one nucleus to each cell, but oo- 
-casionally there may be two nuclei to one cell, a con— 
•dition exactly similar to that found in the sympathetic: 
ganglion cells themselves, where I frequently found 
the presence of two separate and distinct nuclei in 
one nerve cell, (see Fig. )-

In /



In conditions in which the medulla of the supra
renal glands becomes exhausted of its adrenalin, a 
similar exhaustion takes place in the chromaffine tis
sue in other parts of the body. In the cat used in 
Experiment Y ( previ ou«ly described), in which I found 
complete exhaustion of the medulla of the suprarenal 
body after diphtheritic poisoning, I carefully dis
sected out the semilunar ganglion with its adjacent 
nervou« attachments, and placed them at once into the 
usual formo1-bichromate mixture. On examining the 
sections later I was Quite unable to discover any 
chromaffine cells in the ganglion. I found, however, 
a group of cells in the splanchnic nerve, close to the 
semi lunar ganglion, which from their position and 
nature could obviously not be anything but exhausted 
chromaffine cells similar to those shown in Fig. 4 b 
only unstained, and on staining with haematoxylin and 
ecsin they also exhibited the characteristic appear
ance of such cells. I have represented them in Fig. kb.

The ganglion itself wa« very much congested,
the vessel being full op blood and distended. There
were small haemorrhages in places. At first sight
it was not at ail easy to distinguish between normal
ganglion ceils and exhausted chromaffine cells, but
on closer examination group« of c e l l s  were ea«i±y 

/discovered /



discovered whioh, owing to the way in which they abut- 
-ted upon each other,could he regarded a«* nothing else 
than ouch exhausted cells. on staining with haema- 
-toxylin and eoain they ®t and out clearly. '"he proto- 
- plasm remained almost unstained and showed traces of 
small irregularly arr: nged granules. The nucleus 
was usually situated towards one end of the cell, 
never protruded, and stained well and sharply.

In Pig. 1+5 T have reproduced a second group of 
such cells embedded in one of the lower dorsal sym
pathetic ganglia. Here it will be noticed that al
though they are so clearly related to the ganglion it- 
-self, they are nevertheless distinctly separated from 
it by numerous nerve fibres, so that they form a com- 
-pacf group by themselves.

I searched for the carotid gland very carefully 
in this animal, but was unable to find it. It is of 
extremely small size in the cat. I was also unable 
to discover its presence in a large number of healthy 
animals which I examined. Its position must be sub
ject to a great deal of variation, because in one
animal in which I carefully dissected out the common

.

carotid artery, I was quite unable to discover any 
such mass at the bifurcation of the common carotid 
artery /



artery or in its immediate neighbourhood. In another 
animal I removed the whole of this region, placed it 
in bichromate and out seat ions with gum, but in none 
of these sections could I discover any organ resembling 
the carotid body. Sections cut in paraffine would 
not be of much assistance in this respect, as the bi
chromate staining would necessarily be lost during the 
process of dehydration. According to Kohn. the 
carotid body, although it may be detected without 
great difficulty in animals such as the cat during 
embryonic life, appear0 fo undergo atrophy similar to 
that which I have described in connection with the 
other masses of chromaffine tissue situated towards 
the lower end of the abdominal aorta. This is pro
bably the explanation of my being unable +o find this 
body in the animals which I examined.

The ganglion cells themselves invariably stain 
with methylene blue and show no special alterations 
from the normal. They are peculiar in respect that 
they do not, even in health, contain Nissl granules, 
their place being taken by an extremely fine powder 
scattered throughout the protoplasm of the cell. Pig-- 
-mentation of the°e cells in the cat is not common - 
a striking difference from man. The nucleus is either 
central or lying towards one extremity of the cell ;



it, never protrudes from the cell, and it is not 
p o s s i b l e  to draw any conclusions in regard to the con
dition of the sympathetic ganglion cells from a histo- 
-logical examination alone, the nerve c e l l s  showing no 
great alteration from their normal appearance in the 
heal th y an in a 1.

Summary

I. The cortex and medulla of the suprarenal glands
are separate organs in the lower vertebrates ; 
in birds they are irregularly intermingled to- 
-gether, and in mammals the cortex surrounds the 
medulla.

II. The cortex arises from the germinal epithelium.

III. The medulla represents the largest mass of chrom- 
-affine cells in the body j similar smaller
masses are found at the distal end of the aorta
and ir. the sympathetic ganglia and plexuses.*

IV. These chromaffine cells form a separate tissue
system ; they all contain adrenalin. They 
are /



sre developed from the same sells as the sym- 
-pathetio ganglion cells. At an early stage 
the sympathetic ganglia consist of only one type 
oi sell» Tiiis type rapidly differentiates it— 
•self ©long two lines — one line develops into 
the typical sympathetic ganglion cells ; the 
ether develops into the chromaffine cell.

V. The chromaffine ceils tend to diminish in numbers
after birth, but of those which remain, the 
largest mass becomes the medulla of the supra- 
-renal glands. Other smaller masses sre found 
towards the lower end of the aorta and are term— 
-ed usually "accessory suprarenal glands", and 
still smaller m a s s e s  gye found in the different 
sympathetic ganglia and plexuses.

VI. In acute diphtheritic toxaemia all the chromaffine
cells of the body become exhausted of their ad- 
renalin.
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INTERACTION BETWEEN 
ADRENALIN AND DIPHTHERIA TOXINE.



Having now ascertained that the internal secretion of 
adrenalin from the suprarenal glands is seriously 
interfered with in diphtheritic toxaemia and that it 
may become completely exhausted, the next step is to 
ascertain in what way this exhaustion of the glands 
takes place. I propose, firstly, to investigate the 
question of whether there is any action between: diph- 
theris toxin on the one hand and adreualin on the 
other. This may be examined from two points of view. 
We may first of all mix a known quantity of diphtheria 
toxin with a known quantity op adrenalin and discover 
whether the blood-pressure raising action of the ad
renalin solution has been destroyed. Secondly, we 
may ascertain whether as a result the minimal lethal 
dose of the diphtheria toxin has been appreciably al
tered.

If a solution of adrenalin be left exposed to the 
air for a period of 84 hours, it will be found to 
change to a pinkish colour, and its blood-pressure 
action is either greatly diminished or entirely ab
sent. I have found, however, that this biood-pressurv 
reaction is not to any great extent affected witrun 
the first 12 hours.

Experiment /

Action of Diphtheria Toxin upon Adrenalin.



Experiment jI.

A solution of l/lOO.OOO ce. adrenalin was divided into 
two equal parts ; one part was used as a control, the 
other was mixed with one minimal lethal dose of diph
theria toxin (l/300 cc) and incubated for 12 hours.
Cat : healthy : male : weight - 2 kilos.

Paraldehyde ; atropin, as before ;
Normal solution gave typical and immediate rise in 
bl o 0 d-pr e s s u re ;

Canuls washed ;
Solution with diphtheria toxin gave exactly

identical and similar ri«e in blood-pressure to 
abo ve ;

Canula again washed ;
l/lOO.OOO cc. hemisine, fresh solution, now in

ject el : immediate and typical rise, slightly
greater than above two results.

In this experiment we find that the action of di
phtheria toxin upon adrenalin is negative. I attempt
ed to confirm these observations by increasing the 
strength of the diphtheria toxin and found that if the 
above quantity of adrenalin were mixed with ten times 
the minimal lethal dose of diphtheria toxin, the blooo- 
pressure raising principle is not affected after 
incubation /



incubation for 12 hours. This was confirmed by con
trols treated in an exactly similar manner without 
diphtheria toxin.

Experiment ill.

I now took two minimal lethal doses of diphtheria 
toxin and added to one of them l/lOO.OOO cc. of hemi- 
sine (B. * W, )• These were incubated for a period of 
12 hours and were then injected hypodermically into 
two guinea-pigs. The first guinea-pig which received 
the toxin alone died on the afternoon of the 4th day. 
The second guinea-pig, which received the injection of 
diphtheria toxin plus the adrenalin, died on the fore
noon of the 4th day, slightly earlier than the con
trol, showing quite definitely that the minimal lethal 
dose of diphtheria toxin is not altered by previous in
cubation with adrenalin.

Another animal which had received a dose of diph
theria toxin that had been incubated for 12 hours with 
three times the above quantity of adrenalin, also died 
on the 4th day.

These /



These experiments show, I think, that no chemical 
reaction takes place between adrenalin and diphtheria 
toxin, as the blood-pressure raising principle of the 
adrenalin and the minimal lethal dose of the iiphtte ria 
toxin are not altered when these two substances are in 
cubs ted together for a period of 12 hours.

Action of Diphtheria Toxin 
upon the Suprarenal Secreting Tissue.

The next problem to be sol\red is whether the action of 
the diphtheria toxin upon the suprarenal glands af
fects the secreting cells themselves. The cells of 
the suprarenal gland are extremely highly specialised 
in their function, and it is possible that such v e r y . h i g n l  

specialised cells may be very early damaged by a toxin 
circulating in the tissues. The reaction which takes 
place is possibly caused by this toxin acting upon the 
secreting cells, so that they become impaired and are 
unable to secrete any more adrenalin. Therefore aiter 
the adrenalin stored in the gland has been exhausted, 
no further supply is forthcoming.

In order to test this, I ground up diphtheria 
toxin with definite quantities of emulsions made from
(a) suprarenal gland, (b) heart muscle, (cj kidney,
(d) /



(d) «pleen, and (e) «Ice let a 1 mu «ole. This was in
cubated for 12 - 24 hours and inoculated into guinea- 
pi go.

Experiment XI
(a) The suprarenal« (gr. «4? ) of a normal healthy

guinea-pig were made into emulsion, to which was 
added one minimal lethal dose of diphtheria 
toxin.

(b) A small quantity of heart muscle (gr .478 ) from
the same animal was ground up in a mortar with 
one minimal lethal dose of diphtheria toxin and 
incubated for a. similar time.

(c) A small quantity of Kidney tissue (gr. .46 ) was
treated in the «ame way and incubated at the 
same time as (a) and (o).

(d) a small quantity of spleen (gr. .47 ) was simil
arly treated with one minimal lethal dose of 
diphtheria toxin for 12 hours, and inoculated 
h y p od e rmi ca 1 ly.

(e) a small portion of rectus muscle (gr. 46 ) was
treated in a similar way.

Controls were used for all the above experiments, 
was j



was found that in every case the animal died within a 
period of approximately 4 days.

I was never a hie to obtain any extension of the 
duration of life by giving the diphtheria toxin mixed 
with suprarenal tissue. so far as I can ascertain, 
there appears to be no reaction between diphtheria 
toxin and suprarenal tissue. Diphtheria toxin in
cubated for 12 hours with suprarenal tissue does not 
produce any marked effect upon the blood-raising prin
ciple of the gland, nor does there appear to be any 
action of tissue extracts upon diphtheria toxin in re
gard to a diminution of the minimal lethal dose. As 
I have already pointed out, I obtained the toxin from 
the Lister Institute, where the minimal lethal dose 
had been very carefully standardised, and the above 
experiments were conducted with great care. Those 
concerned with suprarenal tissue and heart muscle were 
carried out over and over again, without any apprec
iable difference being detected.

I am not aware of any experiments of a similar 
nature having been carried out, with the exception of 
those described by falter Myers (Brit. Med. Journ., 
Voi.i, 1398, p. 943). Myers considered that supra
renal extract could neutralise cobra poison. He foundj 
that if he mixed an emulsion of different tissues with 
one minimal lethal dose of cobra poison, this minimal 
lethal j



lethal dose hilled an animal in the usual time, except 
in the eases in which the emulsion had been prepared 
from the suprarenal gland. He considered, however, 
that the cortex of the gland, and not the medulla, had 
pome action in destroying the cobra poison, and found 
that no tissue of the guinea-pig, apart from the supra
renal glands, had any such effect. He regarded his 
results as on the whole supporting the view that the 
cortex of the glands is capable of neutralising various 
toxins, but he does not ascribe them in particular to 
a reaction between the medulla and the cobra venom.

We thus appear to be justified in concluding that 
there is no reaction between diphtheria toxin and the 
secreting cells of the suprarenals, and that the view 
which had suggested itself to me, namely that the cells 
of the suprarenal body, being very highly specialised, 
might be very early injured by toxins, does not receive 
any support from experimental results. We have seen 
that the toxin does not react with adrenalin, and that 
the cause of the exhaustion of the suprarenal glands 
in diphtheritic toxaemia is apparently due neither to 
an action upon the secretion itself nor upon the cel^s 
which produce this secretion.
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Nervous Stimulation of the Suprarenal Gland«

I have now shown that in diphtheritic toxaemia the 
medulla of the suprarenal glands becomes exhausted of 
its adrenalin, a condition which coincides with the 
death of the animal. I have then demonstrated that 
this absence of adrenalin is not the result of any 
action between adrenalin itself and diphtheria toxin; 
and I have next pointed out that it is not possible 
experimentally to discover any evidence of a neutral
isation of diphtheria toxin by an emulsion of normal 
suprarenal gland tissue, as might be expected to be 
present if +he diphtheria toxin acted upon, or was 
fixed by the secreting cells themselves. We must 
therefore conclude that the action of the toxin is not 
exerted primarily upon the suprarenal glands (see 
lat er).

I now propose to discuss the effect 01 stimulating 
the nerves to the suprarenal glands and to study theii 
effect upon the secretion of adrenalin.

Very little worlc has been carried out along this
line ;
Jacoby (Arch. f. experiment. Path. u. Pharm., 3d. 29, 

1892), while engaged in studying the effects of 
nerve stimulation upon intestinal movements, fo.n.d 
that on stimulating the nerves which pass from the

coeiiac /



coeliac ganglion to the/p-uprarenai gland*, he ob
tained inhibition of intestinal movementa and a 
rise of bioocHpressure. This result is interest! 
-ing as at this time the action of adrenalin upon 
the blood-pressure was unknown.

Pal (Wien, klin, Wochenschr., 1895) and Apolant (Cen- 
tralbl. f. Physiol., 1399) were unable to obtain 
an}/ rise in blood-pressure by stimulating these 
nerves.

Biedl (Pfluger's Arch., Bd. 67, 1897] found vaso
dilator nerves to the suprarenal glands in the 
splanchnic nerve, electrical stimulation of which 
caused marked hyperaemia of the gland. He was 
also able to satisfy himself of the presence of 
vaso-corntriator fibres to the suprarenal glands, 
and he thought it extremely probable that there 
were secretory fibres to the suprarenal gland in 
the splanchnic nerve, although he was unable 
actually to prove their existence. He concluded 
that he obtained some rise of pressure from the 
blood in the suprarenal veins during stimulation 
of the splanchnic nerves, but he did not find this 
result to be a constant one.

Dr ey e r J



Dreyer (Arner. joum. of Physiol., Vol.ii, 1399 ) oon- 
-firmed these statements by finding a definite in- 
-crease of blood-p res sure action in the blood from 
the suprarenale during stimulation of the splanch- 

-nic nerve,

Waterman and Smith (Pfluger'•- Arch., Vol. 124, 1903, 
p. 198) found that stimulation of the suprarenal 
gland electrically resulted in an increased quan- 
-tity of adrenalin in the inferior vena cava, which 
could be detected by its action upon the enuc- 
-leated frog's eye.

Biedl (Die innere Sekretion, 1910, p. 242) states that 
it is now fimly established that the secretion of 
the suprarenal glands is under the control oi the 
sympathetic nervous system ; that the vasomotor 
and secretory fibres lie in the splanchnic nerve 
and are connected with a centre in the medulla 
oblongata.

[pathologically this secretion may be altered in one of 
two directions : it may be diminished in amount or
in activity, and it may undergo an increase.

My object in this paper is to show that a diminu
tion in this secretion is actually very common, and to 
point /



point out under what conditions! it may be produced.
Hypersecretion of adrenalin has not often been 

described, but

Batelli and Float ba (compt. rend, de la Soc. de Biol.,
1902, Vol. 54, p. 1203) found in dogs, during a

increasedperiod of rest following upon fatigue, anAquantity 
of adrenalin in the suprarenale.

Schur and 'Viessi (Deutsche med. ’ffoehnsehr., 1907 } des- 
- cri.be an increased activity of the suprarenal 
glands in nephritis, an observation which has not 
been confirmed by subsequent investigators, all 
of whom deny any relation between the increased 
blood-pressure of nephritis and increase of ad- 
-renalin (see later).

Kretschner (Arch. f. experiment. Path. u. Pharm., 3d. 
57, 1907, p. 348) states that it is possible to 
produce increased secretion of adrenalin oy 
electrical stimulation of the nerves to the supraf 
-renals, and that there is usually an excess of 
adrenalin present in the gland after any exertion 
on. the part of the animal, the adrenalin being 
absorbed somewhat irregularly by the blood, a 
slight extra demand for adrenalin being instantly 
supplied.

Fraenhel



♦ (Archiv, f. exp. Path. u. Pharm, vol. so 
I9CS; p. 395) records an obeervatior of great 
interest, namely, that in Gravea' disease the 
amonnt of adrenalin in the suprarenal glands may 
be increased from four to eight times the normal, 
and that, while I2y mg. is about the normal in 
health, .in exophthalmic goitre, it may rise from 
50 to 100 mgs7j

Swale ^incent (Prgeb. d. Physiol. T9I0) states that 
the whole question of the nervous supply to the 
suprarenal glands requires further s+,i.Kly.

Leon Asher. (Zentralbl.f. Physiol. Vol. XXIV. No. SO)
has recently investigated the question of secretory 
nerves to the suprarenal glands. He says that in 
spite of previous work he is still unsatisfied 
that there are secretory fibres to the suprarenal 
glands in the splanehnl/“ - nerve. He attempted to 
solve the problem by the following method;- he 
ligatured all the vessels passing from the abdom- 
-inal aorta to the viscera with the exception of 
the arteries to the suprarenal glands. He also 
ligatured the portal vein. He then removed all the 
viscera except the suprarenal glands and the 
liver. If the splanchnic r.err,e be now stimulated, 
an immediate rise in blood pressure takes place 
(from 26 to 42 mm. of Hg); the period of latency 
being about 3C seconds, and the reaction persistin 
for some time after the stimulus be removed.
If the suprarenal veins be clamped, stimulation of



the splanchnic nerve produces no effect upon the 
blood pressure. He then states that he considers 
this rise of blood-pressure to be due to a direct 
stimulation of secretory fibres to the gland, and 
not secondary to the dilatation of the vessels

Experimentally it is not difficult to expose the
splanchnic nerve and the nerves to the suprarenal 
glands in the cat, and stimulate them. The nerve0 t 
the suprarenal glands are mostly aggregated together 
in one bundle which arises from, the upper margin 
of the semilunar ganglion (possibly partially directly
from, the splanchnic nerve itself, and passes 
directly outwards to end in the suprarenal gland. 
According to Jacobi (loo. cit.) the suprarenal 
gland in the dog receives its fibres from! the 
the splanchnic nerve, and from the solar and renal 
plexuses).

The serailunar ganglion consists of two 
principal groups of cells, one on each eide of the 
aorta, and situated at the level at which the coeliac 
superior mesenteric, and renal arteries arise. It 
is a. pre-vertebral ganglion and consists of a group 
of smaller ganglia joined by nerve strands. The 
fibres from these different ganglia run to the 
different organs which they supply in close approx-

-imation to the different arteries, «0 that it 
becomes convenient to designate the smaller gan^l-c



as coeliac ganglia, superior mesenteric and renal 
ganglia respectively. As far as is known (Langley, 
ioc. cit. p. 643) the several abdominal organs 
with the exception of the kidney receive fibres 
from the splanchnic nerves of both sides. The 
nerves to the suprarenale are very short and fine, 
and are very difficult to dis«-ec- out and stiranlat 
I was, therefore, compelled to use the splanchnic 
nerve for stimulation It was carefully dissected 
out at the point where it emerges from the 
diaphragm to pas« downwards towards the semilunar 
ganglion. A ligatmre was placed round it as far 
up as possible and the lower part of the nerve fre 
and arranged for stimulation. I did not remove any 
of the viscera; and, on this account, the 
results upon blood pressure must be regarded with 
great caution. I found a distinct rise of blood 
pressure to take place during stimulation of the 
splanchnic nerve. Pose Bradford (Jour, of Physiol. 
IS8S) has shown that on stimulation of the splanch 
nerve, there is a contraction of the -̂ aso- 
constrictors to the • esenteries, in consequence 
of which a rise of blood pressure will occur, 
quito apart from any action of the nerves upon 
the suprarenale. This rise in blood—pressure is 
followed very rapidly by a fall, due to the fact 
that the splanchnic nerve contains both vaso
dilator and vasc-conetrietor fibres, and that the
latter become exhausted before the former. 
(Schafer’s Text-book of Physiol. p. loT* )
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Experiment, t .
Cat. healthy; male.

Paraldehyde (Sees), by atomaoh tube.
Few whiffs of chloroform to hasten 

anaesthetic, but stopped before any 
observations were made.

Both vagi cut to eliminate any cardiac 
inhibition induced by rise of pressure 
from adrenalin.

Artificial respiration to avoid any as- 
-phyxial condition being induced in 
vasomotor centre by change of respiration 
after section of vagi.

Cannula in carotid artery to record 
blood pressure.

Cannula into branch of jugular vein close 
to main stem.

10 0 a. m. Cat given 8 ccs. paraldehyde into
stomach by tube.

10 15 a.m. Cat stixi conscious.
10 50 a.m. Cat not completely unconscious;

a few whiffs of chloroform,
placed on table.

10 40. 8. Tn.Artificial respiration started.
10 45. Both vagi cut.
10 50. Cannula in right carotid artery
IT 0 Cannula in left jugular vein.



II 15. Abdomen opened In middle line. Viscera pushed 
over to left, liver pushed upwards, and right 
suprarenal gland exposed.

Splanchnic nerve then sought for, and after 
some difficulty found, tied with fine thread.

Electrodes placed upon the nerve, and the coil 
arranged for continuous faradic stimulation.

IS o. I in 100,000 adrenalin (B. and V.) injected
intravenously into jugular vein, to ascertain 
if blood-pressure apparatus satisfactory. 
Immediate rise. Quite typical.

IS 5. Cannula washed out with normal saline.
IS 10 Splanchnic nerve stimulated; coil at zero;

Suprarenal gland became markedly red. Rise 
of blood-pressure.

This rise of blood pressure occurred during stimulatic 
of the nerve, and ceased when the stimulation was 
removed. The rise w a s  not constant, and showed very 
marked irregularities, obviously denoting that several 
different factors were concerned in its production. I 
therefore do not wish to draw any definite conclusions 
from this. The stimulation of the nerve was continue 
uninterruptedly for 30 minutes.

IB 30. Stimulation ceased. The suprarenal gland was
markedly red, compared with its fellow on
the opposite side.

IB 45. Suprarenal gland was removed from the animal,
0

Extract with normal saline prepared.



I BO. p.m. Above extract injected into jugular vein 
of cat. bo rise in M ood.-pressu.re.

I B5. p.m. B cos. of I in 100,000 adrenalin (B. and T 
injected intravenously; typical rise in blood 
pressure.

I 30. p.m. Animal killed by intravenous injection of 
chloroform.

Pxperiment II;—
Cat; male; Weight B.5 kilos.

9.0. a.m. 10 ccs. of 10# solution of chloral hydrate
injected subcutaneousiy into back.

10.0. Cat quite unconscious. Eye reflex lost.
breathing easily.

10.5. Artificial respiration.
10.15. Cannula in carotid artery, and in jugular

vein. Both vagi cut.
10.30. Abdomen opened by long median incision.

A1! the arteries to the intestines 
#ere then systematically ligatured 
from below upwards; the arteries to t> 
suprarenals and the kidneys being left 
intact. The portal vein wse then tied, 
and the intestines removed. The liver, 
spleen and stomach were left untouched.

11.30. /



II. oO. The splanchnic nerve was now sought, fo"” whe^e 
it emerge® from the diaphragm, and a 
ligature wee placed round it.

11.45. Electrodes placed upon the nerve; coil at zero 
Fsradio stimulation.

11.50. Nerve stimulated; a marked ri®e in blood 
pressure took place in about 40 aeeonds.
The blood-pressurs remained high until the 
stimulation was removed, when it dell to 
its original level. It ro«e again when the 
stimulation was again begun, and again fell 
on stopping the stimulus. (See tracing).

11.55. Nerve stimulated. Coil at zero. Apparatus
arranged for continuous stimulation for 
30 minutes.

1.25. Stimulation of nerve ceased; electrodes re-
-moved, and suprarenal gland carefully
dissected out. a small section from the
middle of the gland was placed in bichromat 

* *
solution, and the rest was ground up with 
normal «aline and fine sand in the usual 
manner previously described.

1.50» Extract f^om suprarenal gland injected into 
cat; no ri«e of blood pressure resulted.

1.55. I cc. of ■>' in t o o, 000 adrenalin produced a.
typical rise of blood pressure.

2.0 Animal hilled with intravenous injection of 
chloroform.

* later fonnd to contain no adrenalin.



The technique required in the above experiments is of 
rather an elaborate type; but the same results may 
be obtained, namely, an exhaustion of 
the medulla of the suprarenal gland, by «imply pisc- 
-ing the electrodes on the hilum of the gland. If this 
be done, and continuous stimulation be applied for 30 
minute®, it is also possible to exhaust the gland. 
Under these conditions, the intestines and other 
viscera being left in situ, blood pressure effects 
are of uncertain significance, and no deductions 
can be drawn from these result® and the changss in the 
suprarenal glands.

This I have done upon three occasions, 
on one of which I stimulated the gland for only 15 
minutes. The v*lood—pressure effect and the result of 
bichromate staining both «howed the presence of a 
small quantity on adrenalin «till in the gland, which 
had. thus not been completely exhausted.

I consider these experiments of very great importance. 
There are three points to which I specially wish to
draw attention;-

(1). They prove that there are secretory 
fibres to the suprarenal glands in tne splanci.ni-> 
nerve.

(2), They show that a rise of blood pressure 
pressure accompanies an increased secretion and 
absorption of adrenalin in the suprarenal glcnd , <- >. 
that such an increase of adrenalin and ri«e of bl. • 1



pressure -ray result from nervous stimulation of the 
suprarenal gland, and finally

(3). They prove that it is possible to com- 
-pleteiy exhaust the medulla of the suprarenal 
glands by stimulation of the nerves t,q t,*j & i-,\ i ^

The close relationship between the secretion of the 
suprarenal gland®, and the 'tone! of the cardio
vascular system is clearly demonstrated in the above 
experiments, «in.ce a rise in blood t>re«sure 
at once accompanies an increased absorption of 
adrenalin; this rise in pressure lasts as long as 
the nerve is being stimulated, and ceases immediately 
the stimulation is removed. I shall discuss the full 
significance of these changes and the relationship 
between the suprarenal gland® and the 'tore' of the 
cardio—vascular apparatus a few pages further on.

At thi® stage I wish to draw attention to two
fact s;-

(1 ). That the secretion of adrenalin 1® under 
the control of secretory nerves, and

(2 ). That it is possible to completely exhaust 
the sn.7/Tat ena 1 g 1 and.s by stimulation of the nerves to 
the, glands „



HISTOLOGY OF THF SUPRARENAL CAPSULES.



Pri®tology of the Suprarenal Capsule®.

The suprarenal capsules consist of two parts, a 
oo rtey and a melt alls. A section through the middle 
of the fresh organ, "shows a cortex which is striated 
vertically to the surface, and of a yellowish colour, 
and a medulla Which i® soft and highly vascular, and 
of a dark-red colour. The whole organ is invested bv 
a fibrous capsule which sends fibrous septa inwards 
through the cortical substance, subdividing this for 
the most part into columnar groups of ceil® (zona fas 
ciculata ). Immediately underneath the capsule, how
ever, the groups are more rounded, and the cell® tend, 
to assume a columnar form (zona glomsrulosa), whilst 
next to the medulla they have a reticular arrangement 
(zone reticularis)" Schafer (Essentials of Histology, 
1910, p. 249). "The cell® of the medulla are more ir 
regularly disposed. They are supported by a network 
of elastic fibres. They lie in, very olo®e relation 
to the large capillary blood— spaces (sinusoids) which 
pervade the medulla, and they probably pour a secretio 
directly into the blood."

Tie structure of the suprarenal gland, especially 
of the cortex, varies greatly in different species of 
animals. I do not propose to discus®, however, the 
difference /



difference in structure of the suprarenal glands in - 
different «pecies of animals : what I wish to direct 
attention to is the normal appearance and structure of 
the suprarenal gland®, especially in regard to the con
tents of the cells, both of the cortex and of the 
medulla, and the change® which take place in these 
cells under acute infective and similar conditions, 
since the®e changes are most typical and characteristic.

In order to examine the contents, of the cells of 
the cortex and of the medulla, it is necessary to have 
recourse to special methods of staining. If the 
gland he fixed in formalin or corrosive sublimate, and 
carried through alcohol and xylol, and cut in paraffin, 
the who"5 e of the contents of the cells are destroyed.
If, therefore, v;e wish to preserve and examine the 
interior of the cells themselves, we must not use 
paraffin for embedding. The most suitable method is 
to fix the gland in formalin for twen+y-four hour®, 
then to transfer to gum for another twenty-four hours, 
and finally to cut frozen «actions.

The two principal features which we wish to in
vestigate in the cells of the suprarenal glands are 
the presence of fat in the cells of the cortex, and 
the presence of adrenalin in the cell® of the medulla. 
The cortical cells, of the guinea-pig, cat, and rabbit 
contain normally large quantities of fat globules, 
wh i ch j



which stain bright red with Sudan iii or Soharlach P.
To demonstrst e the presence of adrenalin in the cells 
of the medulla, Kohn’s "bichromate «olution" should be 
used. This consists of a solution of 90 parts of 
3.5$ potassium bichromate, with 10 parts of commercial 
40$ fcurselin. The best method to study the contents 
of the cells of the «up re renal glands is as follows : 
Sections of the glands should be placed in Kohn's bl-X X
chrornate solution for 24 hours. They should then be 
frozen and cut. The be«t staining medio to use are 
Sudan ill and hr. ematorylin, and the sections should be 
mounted in glycerine or glycerin*3 .jelly. In this way 
a complete picture of the «up ra renal gland« can be ob
tained. The amount of fat and the size of the glob
ules can be beautifully seen, and the yellow colour of 
the medullary cells stands out clearly. Tire haema- 
tcyylir. stains the nuclei of the cell«, «o that each 
cell in itself may be distinctly defined and Interferes 
neither with the bichromate stain of the medullary 
cells nor with the fat globules in the medulla. 10b 
formalin alone destroys the yellow staining reaction 
of the medullary cells in 24 hours. To obtain this 
reaction it is necessary for the tissue to be placed 
immediately in the bichromate solution. ^he colour is 
also discharged if the section be tahen through alcohol 
and /
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They should then be transferred to gum for another 24 
hours.



end xylol, bo that it is not possible to mount them in 
Canada balsam or Daraar.

The Cortex :
The most characteristic feature of the cortex 

is the presence of fat globule« normally in the inter
ior of the cells. This i« a. point of the greatest im
portance, a« numer-our observers (Dudgeon, (loo. cit), 
etc. } have considered the presence of fat in the supra
renal glands a« a sign of degeneration, and have des
cribed the condition as "fatty degeneration of the 
suprarenal glands". It is not a ffctty degeneration, 
however ; it is the normal condition o F the healthy 
suprarenai giand. Thi s fr t 1« also limited to the 
cortex ; jt is never femd in the melulia.

The fat is present in the Pont; of fine globules 
lying in the interior of the cortical c e l l s .  in the 
cat and guinea-pig, however, the fat globules are 
limited to the outer third of the cortex. In the rab
bit, on the other hand, they are uniformly scattered 
over the whole cortex. The condition in man appears 
to resemble that found in the rabbit. According to 
Elliot (Journ. Physiol., 1906, voi.xxxiv, p. 351), 
fat is not. present in the normal cortex of the sheep.

On examining unstained sections of the suprarenal 
glands of the guinea-pig or cat with a low power of 
th e /



the micros cope, a dark ops <3 tie belt is found occupying 
the outer third of the cortex and sharply marked off 
from the surrounding tissue. With Sudan iii or Scisar- 
laeh P., thi® belt stains more or less uniformly of a 
light red colour. The middle third does not stain, 
a.« a rule, with Sudan iii, but often variable amounts 
of the inner third may also take on the stain. This 
is, when present, most frequently seen at the junction 
of the cortex and the medulla, and small processes or 
groups of euch cell.0 may extend into the medulla be
tween the chromaffin cell®. The appearance at -̂ irst 
sight suggests that some of the cells of the medulla 
contain fat globules, but diis is not so, as 1 have 
never succeeded in finding fat globules in cells which 
stain yellow with bichromate staining. The few cells 
among the medullary cells, therefore, which stain with 
Sudan iii, are not true ceil« of the medulla, but are 
cells of the cortex which have become interpolated 
among these medullary cells during development.

In the rabbit, and sl°o probably in the normal 
human suprarenal, these fat globules are not limited 
to the outer third of the cortex, but are scattered 
over tj.fi whole cortical area. They are similar to 
those found in the cat and guinea-pig, and con°i°t of 
fine droplets of fat lying freely in the protoplast! of 
th e /



the cell. The cells themselves are polyhedral in 
«hare, with a clear, round nucleus, usually lying 
about the centre of the cell.

TT „ T1' 6 G G 11 Pi Of O0T* Pi c0 GOP19in 00'ui'1
fat glob’lle®, a d oubly refracHem «ub«f rvnc®. If the 
tissue be fixed in corrosive sublimate and examined 
under crossed Nicole, they appear as brilliant sphere 
divided by a dark central rectangular cross.

According to Elliot (loc. cit. ) the "body fats 
which are known t.o exhibit this refractive property 
are the myelin® associated with lecithin".

Bernard. Biggart and Labbi (Compt. rend, de la 
Soe. de Biel., lv) find that about sop ofthe fat ex
tracted ivom the cortex con«i®t° of lecithin.

Orgler (Feetschr. f. Salkowski, 1S04) identifies 
the fat with protegon.

Ada mi and Aschoff (Proc. Foy. Soc., 19C6, June 7 ) 
state tie t pure lecithin is not doubly refractive, but 
that it® derivative® are ; and that choline oleote, 
especially ir the presence of weak formalin, °xhibi.ts 
the property tc a peculiar degree.

Elliot (loc. :i+ . ) states that ovo—lecithin, as 
purified by Merck, only stains faintly with Scharlaoh 
P., and that the sheath medullated nerves only 
«tains /



stains s. fa in t pin'x colour.
Hi ere is thus a great differanae in the staining 

power of the fatty globule« of the cortex, and the 
doubly refractive substance. Hie former stain bright
ly with Sudan iii and Scharlaoh P., the latter only 
feebly. The pro or", however, that these latter glob
ules are separate and distinct from the former is 
found in the cat and guinea-pig, in which +he former 
globules are iini ted mostly to the outer third of the 
cortex, and the latter to the inner iwo-rthi rds, or 
ret her are scattered, irregularly throughout the whole 
cf lire cortex. In the rabbit the two substances are 
scattered indiscrimina fcely throughout the whole corti
cal area. In the cat and guinea-pig, a somewhat 
similar condition 1 ° often found, as the two sub
stances may be present only in the outer third, the 
inner two—1thirds having been exhausted of these doubly 
t  efr a c 11 ve granul e s.

Elliot (loc. cit. ) s t a t e s  that in the seal these 
doubly refractive g r a n u l e s  ore absent, although fat 
appears to be plentiful ; while in the fowl they "are 
present in all the cortical cell0, and in such amount 
that it separates into large aciculsr crystals, filling 
the whole of each cortical strand irrespective of 
cellular disposition, but not trespassing on the 
medulla /



med$l|la : the crystals stein black with oemio acid, 
but the whole cortex take? only the faintect pink with 
Sehsriach P." And he considers that although they 
are found in most animals, neither the fat globules 
nor the doubly refractive substance "are to be regard
ed as fundamentally essential to the activity of the 
cortex cf vertebrates, for neither appear in the nor
mal cortex of +he sheep".

III. The thirl ®ub°tsnoe to be found in the cells 
of the cortex ec:~sists of pigmented grannies. The^e 
are not always eg^y to find, as they are deprived of 
their colour by various fixing agents, e.g., mercuric 
chloride, and tend to swell up and disappear if the 
tissue be left in water. They are best seen by exam
ining fresh tissue with a low power, and are mostly 
limited to the area of cortex lying next the medulla. 
They are be®t seen in the guinea-pig. According to 
Elliot (loc. ci+. J "the guinea-pig i« almost unique 
in the j r possession". The only other animal in whic.i 
he recognised the presence of similar pigmented gran
ules is the Omit horbyncus. They are certainly ab
sent in the cat and the rabbit. I had great dit i— 
culty myself even in detecting their presence in the 
guinea ' "̂ g, ec' they ore not ’i ̂ ible under the micro
scope in tissue fixed end «tained by the usual methods, 
and /



end it was only when I op me to examine fresh, sections 
thet I vies able +o satisfy myself of their ore rr n o c> '

As these granule« have been supposed by Puhrmann 
(Ztsohr. f. wise. zool., 1905, Vol.ixxviii, p. 522) 
and others to be identical with certain granules found 
in the cells ox the medulla, and which are supposed to 
be associated with the formation of adrenalin, I shall 
have occasion to refer to them again shortly.

The arteries and veins do not penetrate between 
the cell° of the cortex. They run, along vi+h the 
lymphatics, in the fibrous septa between the columns 
of e^ns which they surround with a capillary network. 
In the soma reticularis, the capillaries widen out and 
occupy the spaces between the cell columns. The 
lymphatics communicate with fine canals between the 
c e i l s  of the cortex (Schafer, Ps°enti?ls of Histology, 
1910, p. 250).

The Medulla :
Although it is important to understand the 

structure of the cortex and its sign.« of functional 
activity, the medulla is even more important from my 
present point of view, as this monograph is mainly con 
oerned with the question of exhaustion of the medulla 
of its adrenalin under various conditions, the 
mechani sir: /



mechanism by which this is produced, end its importance 
in clinical medicine.

In order to study the medulla properly, it in be®t 
to place the fresh gland in Kohn's bichromate solu
tion, transfer it to gum, freeze, cut, stain with 
hseir.atoxylin and mount in glycerine. If this be done 
the yellowish-brown colour which we associate with 
cells containing adrenalin will be easily seen. It is 
always limited to the cells of the medulla and is 
found in any cell® of the cortex. Similarly, fat
globules are never found in the me-'lullai. tv sy only
occur in the cortex.

The cytoplasm of the medullary cells is normally 
very fluid, and cannot b° preserved except in the pre
sence of chromste®. Elliot (loc. eit. ) states that 
"in the presence of reducing adrenalin these may 
toughen the mass just as gelatin is fixed in carbon 
photography". It is this extreme fluidity of the 
cells of the medulla which is responsible for their 
rapid decomposition post-mortem. In examining the 
suprarenal gland® in man after death, it is extremely 
frequent to find the greater part of he medulla, re
placed by a large cavity. The medulla owes its dark
er colour to it® great vascularity.

The /



The cells of the medulla are spherical and poly
gonal, and are arranged in irregular columns of varying 
thickness, supported by a network of elastic fibres. 
Their average diameter is from 10 to 14>^ . The nuc
leus may lie in the centre of the cell or towards one 
extremity. It usually measure® about The cells
lie in close relationship to the large capillary blood- 
spaces (sinusoids), round which they are often arranged, 
in a definitely epith«lial-like fashion. '.'hen so, 
the cells become definitely columnar in shape, reaching 
a® much as 50^  in length. The nucleus in these cells 
is uQualiy situated at the end of the cell, remote 
from the blood-vessel. (See Fig. by Szymonowics, 
Schafer's Essentials of Histology, 1910, p. 251, and 
Swale vlrcent, (Proe. Roy. Soc., 1S1C-, voi. 82, p.FU),

The yeliowish—brown colour which cells of the 
medulla take on wi tv bichromate solutions is ac_ 
cepted by all workers as indicative 0^ the presence of 
adrenalin. Only cell® which contain adreitalin stain 
in this way (Kohn, loc. cit.), and all cells which 
stein so, yield adrenalin on extraction (Elliot, loc. 
cit.). Adrenalin, on addition to chrornate solutions, 
deepens their colour.

Bledl (Pfluger's Arch., vpi. $7 , p. 445) noticed 
on stimulating the splanchnic nerve, which contains 
secretory j



secretory fibre« to the suprarenal glands, large num
bers of pit.ell glittering particles in the blood flowing 
froir. the suprarenal vein. He compares them to blood 
platelets cr fragment« of red blood corpuscles.

Ff aur.dl er (Sits. Ber. d. k. ¿iked. d. Vissensch., 
l££f, Vol. 101, p. 513) found these glittering cor
puscles not only in the blooi from the suprarenal vein, 
but in the whole body, and as he el«0 found them in 
the cell« of the cortex and of the medulla of the 
puprarena 1 gland, he con eluded that they were manu.fsc-r 
lured in the suprarenal gland and parsed thence into 
t h e ci rcul at i or..

Hultgren end Anderson (Leipzig, (Veit f Go), 1899 
who give a good account of the literature, state that 
under the oil immersion they could trace the pa««age 
of the«e «mall glittering granule« from the cell« of 
the suprarenal gl.ind directly into the lumen of the 
cap!Ilaries,

Glacclo (Anat. Anz., 1903, vol.£3) «tate« tht 
these small granules stain yellowish-brown with chrom-
gte solutions and conciu.de« that they represent the 
conditionin which adrenalin i« stored in the cell«. HeA

thinks that they pas« into the blood as such.
'Viesel (Wien. klin. Wchnsckr., 19 07 ) described 

the presence of small fine, diffuse granules in the 
cell« of the medulla, which give vuipiin'« ferric 
chloride /



chloride reaction. He considered that M s  results con
firmed those of prevl our workers that adrenalin is pre
sent. in the ceil« of tl.e medulla as fine granules, and
P a s s in to the e ire ui at i on.

ftcerk end Hsharer (Arc; . f. mikros. Anat., 1908, 
Vol. lxxii, p. 481) investigated thi« subject very 
carefully. They found that there are mall granules 
in the cell0 of the medulla and in the blood of the 
suprarenal vein, but. they could obtain no evidence of 
identity between these two structures. They found 
that staining with bichromate and with ferric chlcr ide 
both gave marked colour reactions, but they considered 
that it was the protoplasm of the cell in which the 
granules were embedded, and net the granules themsslve«1 
which took up the stain. They also found that it was 
possible to stain these granules by means of eosin
after fixation in Zenker1« fluid. Under these condi
tions the protoplasm does not stain. They then exam
ined the ceil« of the medulla in partial exhaustion of 
the suprarenal gland, when many of the cells had lost 
their chromaffin staining react,i on. They found that 
these granule« were pre«ent in about equal numbers 
both in the cells which gave a negative and those 
which gave a positive yellow staining reaction. They 
also point out that the yellow staining reaction not 
only /



only stains the protoplasm of the cell, but al so +he 
pro topis sir. of the nucleus, and. that it may also be seer, 
in the smaller vessel« themselves. Their parer is 
very well i 1 lust rated, ani they con elude that, adrenalin
is n re sent in the celis of *!-« medulla, not in +he ~orm
of gremiies, but as a fluid «ecretlon.

My own observations are in complete agreement with 
the above. The yellow stain is diffused throughout 
the whole interior of the ceil, both through the cyto
plasm and ir. the nucleus ; it may also be found in the 
interior of the smaller vessel«. i have had great 
difficulty in finding and recognising these granules, 
but e distinctly granular type of protoplasm i« pre
sent in the medullary cells, and I was quite unable t,° 
observe any difference between the cells during full 
functional activity and after exhaustion. I consider 
that the internal secretion of the medulla (namely, 
adrenalin) is present in these cells in the -form of a 
fluid «ecretlon which passes directly .into the blood 
vessels, which from their sinusoidal arrangement are 
eminently adapted for such a purpose.

Structural Changes accompanying Exhaustion 
of the Suprarenal G1snd«.

Exhaustion of +l:e suprarenal glands affects both the 
cortex /



cortex and the medulla. The changes are, however, 
different in the two cases. Exhaustion of the medulla 
is shown by a gradual diminution in the yellow-staining 
reaction, until it disappears aitogether ; exhaustion 
of the cortex is exhibited by quite a different series 
of changes. Here the doubly refracting granules com
pletely disappear and the fatty globules spread over 
the whole area of the cortex. These two changes al
ways take place simultaneously. In slow exhaustion 
of the medulla, the first change is a gradual diminu
tion in the intensity of the yellow-staining colour. 
This is usually somewhat irregular, some cells tending 
to lose more than others. As a rule, the cells lying 
nearest to the blood—space« tend to lo«e their colour 
earliest. This 1« succeeded by a further diminution 
and many of the cells at this «iege do not stain with 
bichromate; seme «tain faintly, and some s tain fairer 
well, so that the exhaustion doe« not take place simul
taneously. Ultimately every trace of yellow-staining 
disappears from the medulla, and the cells on examin
ation with haematoxylin and eosin show no great dif
ference from ihe normal.. It is only possible to de
tect this exhaustion of the ceils, if the bichromate 
method be employed. Fatty degeneration never occurs 
in the ceils, of the medulla in exhaustion. 'Then fatty



great increase in fat, there is a gradual diminution of 
the doubly refracting substances, which ultimately com
pletely disappear. Till ot (loc. cit. ) considers that 
"as the store of the doubly refractive substance grows, 
that of the fat, which may be regarded as a sign of 
its formation, sinks". Conversely, when this doubly 
refracting substance van!-he«, the fat increases, so 
that the connection between the two appears to be very 
close. The pigment grannies disappear upon exhaustion 
in the guinea-pig. In acute exhaustion, when the 
medulla beocri.ee extraordinarily congested, a similar 
state of congestion of the vessels of the cortex is 
also found. These become swollen, end large haemor
rhages take place into the cortical tissue. In ricin 
poisoning, especially, the greater part of the gland 
appears to consist of nothing but a large number of 
extensive hsemomhsges destroying the most of the 
cortical and medullary tissues. In acute diphtheritic
toxaemia, the haemorrhage« are usually not quite so 
large, but are almost always present and very numerous. 
In ie«« acute toxaemias, such a° pneumococcal toxaemia, 
great congestion with «mall haemorrhages bo'h into the 
cortex and medulla are found.

Summary /



SUMMARY

(1) In the normal cat, rabbit and guinea-pig, fine
fatty globules are present in the cortex in 
hea1th.

(f ) Pet globules are never found in the medullary
cells under any conditions.

( 31 The secretion of the medullary ceils appears to
be of a fluid nature and not to consist of 
grsnul es.

(4) Exhaustion of the suprarenal gland produces sim
ultaneous changes both in the cortex and in 
the medulla.

(5) The change« in the cortex consist of a great in
crease in the amount of fat, which spreads over
+he wi ole area of the cortex and is accompanied 
by total disappearance of the doubly refractive 
sub st ance.

(6) Exhaustion of the medulla produces a gradual loss
of the yellow-staining reaction with bichromate 
so In lion s.

(7) Acute exhaustion is always accompanied by haemor—
rh&gic dilatation of +he vessel«.

(8) The°e fat globules are present in the cortex even
in conditions where every particle of fat is
absent, from the rest of the body, as after 
thyroidectomy in animals, and in advanced 
carcinoma in man.



SUPRAPENAL ©LANDS
IN VAPIOUS CONDITIONS IN ANIMALS.

Acute infective conditions.
Vegetable irritants.
Me+sllic poison«.
Physical conditions;- e.g. fatigue,



THE SUPRARENAL GLANDS IN VAPIOUS CONDITIONS.

I have shown that in diphtheritic toxaemia, an 
exhaustion of the medulla of the suprarenal glands 
is produced, as proved by the absence of adrenalin 
in extract« made from such glands. when I first 
discovered this fact, I thought it was due to a 
specific action of diphtheria toxin upon the 
secreting cells of the suprarenal glands; but, when 
I was unable to produce any evidence in support of 
such a view, and, when I later found that it was 
possible to completely exhaust the suprarenal glands 
by prolonged stimulation of the splanchnic nerve, 
it occurred to me that the exhaustion of the supra— 
-renal glands must be produced, not by a direct 
action of the diphtheria toxin upon the suprarenal 
gland« themselves, but rather as the result of the 
strain placed upon the glands in. consequence of the 
general reaction of the tissues to the toxin. If 
this view be correct, I ought to be able to produce 
a similar exhaustion of the suprarenal glands by 
the action of other toxins, e.g. pneumococcal, typhoi 
etc.; and not only so, because I should also be able 
to ertanst the suprarenal glands by any condition 
which throws a severe strain upon the organism.
The followin'?' experiment« «how that this view is 
correct.

d,



Condition of the Suprarenal Glands
in o*her Infective Diseases

I. Tetanus.

In order to study the condition of the suprarenal 
glands in death from tetanus, I obtained through the
kindness of Dr LedIngham and Dr Maceonkey of the Lister
Institute, some fresh tetanus toxin. This was stan
dardised so that one minimal lethal dose for the rat
required l/50 cc. It was not standardised for in
oculation into guinea-pigs, and therefore an average 
dose was used each time, without any assy great attempt 
at accuracy - a method which gave results quite sat
isfactory enough for the present purpose.

I '
Experiment I

Guinea-pig : healthy : male ; weight - 230 grins ;
wss inoculated with tetanus toxin in the region of the 
sciatic nerve of the right side. The animal appeared 
next day to be perfectly healthy. On the following 
evening slight, twitching began to occur, the leg on the 
inoculated side being constantly extended. Next day 
this became still more marked, and general twitching 
occurred at frequent interval«. Thi« was again noticed 
on the following day, and the animal was found dead in 
its j



Its cage on the morning of the fourth lay.
The suprarenale were at onoe removed and at the 

same time a normal animal was killed, and its supra
renale were also removed for a control. Sections of 
the suprarenale of both animals were then placed in bi- 
-chrornate solution, as usual, and the rest of the glands 
was. used for a normal saline extract. This was in
jected intravenously into a cat in the manner previous
ly described, and the effect upon the blood-pressure 
was observed. In this case it was noted that the nor
mal extract gave a rise in blood-pressure which was 
only slightly in excess of that produced by the animal 
mdiieh had died from tetanus. It therefore appears 
that tetanus toxin does not exhaust the suprarenal 
glands in the same way as diphtheria toxin. Micro
scopic sections stained in bichromate also gave a 
positive reaction.

In tetanus we have a toxin circulating in the blccu 
very similar to that found, in diphtheria, but the re
sult in this case appears to be mainly due to the fact 
that the action of the tetanus upon the nerve fibres 
ana nerve cells produces death at a much earlier stage 
than that at which complete exhaustion of the supraren
al glands takes place. In tetanus toxaemia, appar
ently, the suprarenal glands show only partial exhaus
tion.

I have examined this point in four different case^ 
which /



which had died at varying intervals, and in each case 
I discovered the presence of adrenalin in the supra- 
renal glands. Microscopically the glands did not 
show any very marked degree of congestion; i.e., they 
were not more congested than the surrounding organs.
On section, patches of congested vessels and haemor- 
rhage into surrounding parts of the tissue were found 
in the region of the cortex of the gland, but these 
were not, a specially prominent feature and were pro
bably secondary to the disturbances, in circulation oc- 
-curring in the course of the fits, as they resemble 
very closely similar patches of congestion and haemor
rhage found in the central nervous system and other 
organs in tetanus.

11. Pneumococcal Toxaemia.
It is particularly important to investigate the eondi- 
tion of the suprarenal glands in pneumococcal toxaemiaJ 
as we know that in an intense toxaemia of this des- 
eription in man, death takes place very readily from 
heart failure. It is not easy to produce a pneumo- 
■coccal toxaemia in guinea-pigs, but I found it very 
easy to obtain this condition in rabbits. A very 
satisfactory result may be gained by inoculating into 
the back of the animal a quantity of the sputum of a 
pneumococcal /



pneumococcal pneumonia. The animal'? usually succumb 
fairly readily to such an inoculation, and it was found, 
much more satisfactory to inoculate the sputum direct 
than to make cultures from it and inoculate these cul
tures, as they appear to lose their virulence at a very 
early stage.

Experiment
Rabbit : healthy : male : weight - 620 grins.,
was inoculated subeutaneously with some sputum obtain
ed from a very virulent case of pneumoccal pneumonia. 
The following day the animal appeared to be in perfect 
health, and it was not until four days later that it 
became much less active, was unwilling to move about 
the cage, and refused to take food. On the next even
ing it was found lying in the cage, and it paid no at- 
-tent ion to any stimulus applied to it. It died during 
the night and the following morning the suprarenal 
glands were carefully removed, a normal rabbit being 
killed at the same time and used as a control.

On comparing the suprarenal glands of these two 
animals, it was noted that the suprarenals from the 
pneumonia animal did not exhibit any marked signs of 
congestion. The vessels on the surface of the gland 
stood out more prominently than those in the normal 
animal, and the suprarenal veins appeared to be very 
greatly /



greetly conge«ted, but the gland in itself did not 
show the extreme degree of reddening and congestion 
which, as I have shown, is associated with diphtheriti 
toxaemi a.

The glands from bo+h animals were treated accord
ing to the usual method and were injected intravenous
ly into a cat three hours after removal. The normal 
glands gave a rise in blood-pressure which is shown in 
tracing No. 7 7 . The glands from the animal which
had died from pneumococcal toxaemia were injected 
a few minutes apter the last injection, and gave no 
rise in blood-pres^ure whatever, an observation which 
was confirmed by the examination of sections stained 
with bichromate. The sections from the pneumococcal 
animal showed complete absence of any brown staining 
of the medulla, proving clearly that in pneumococcal 
|toxaemia it is possible to find complete exhaustion of 
the suprarenal glands without any sign of adrenalin 
being present in the medulla. The cortex showed 
changes such as those which I have previously described 
as typical of exhaustion of the cortex, via., the 
fatty globules spread all over the surface of the cor- 
jtex were greatly increased in number and the doubly 
refracting bodies were absent.

(It must be noted that in the rabbit the fat
globules of the cortex are normally present throughout 
hot L /
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both the inner and the outer parts and are not limited
| to the outer third of the cortex, as they usually are 
in the cat and the guinea-pig).

These experiments with pneumococcal toxaemia in 
rabbits were repeated eight times. On three of these 
occasions I obtained a complete absence of any sign of 
adrenalin being present in the gland, the rise of
blood-pressure being purely negative.

In three other cases intravenous injection into a
cat produced a slight rise followed by a longer fall. 
This, as I shall afterwards show, is the result of 
direct stimulation, apparently of the vaso-dilator 
fibres of the vessels. it may also be produced by 
the injection of extremely minute quantities of adren
alin (see later). In these three particular cases, 
therefore, the glands, although not completely ex- 
hausted, contained what might be described as really an 
infinitesimal amount of adrenalin. In the remaining 
two cases I obtained a slight rise in pressure (see 
tracing yyill). This rise in pressure was in no case 
at all marked, and it showed that although the glands 
were not in themselves completely exhausted, they 
nevertheless contained a greatly diminished amount of 
adrenalin.

The main point to be noted in connection with 
pneumococcal toxaemia as opposed to diphtheritic tox— 
aemia, is that a pneumococcal toxaemia, although it 
exhausts /
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exhausts the medulla of the suprarenal glands in the 
same way as diphtheritic toxaemia, yet it does not ap
pear to produce the same intense congestion and redden
ing of the gland which I found in the latter condition.

Of the eight animals upon which I experimented, 
the one which died at the earliest stage - the end of 
the second day - showed no marked increase in the 
amount of swelling and congestion of the suprarenal 
glands. They were certainly more congested than in 
those animals which died at a later period, but the conJ 
dition does not appear to be so acute in toxaemias in
duced by the pneumococcus as in those induced by the 
diphtheria bacillus.

III.Typhoid
It is very difficult to produce death in guinea-pigs or 
rabbits by inoculation of typhoid bacilli. I obtained 
through the kindness of Dr Ledinghsm a very virulent 
culture of typhoid bacteria, which had produced death 
in animals in the Lister Institute. This culture was , 
vept, after I obtained it from him, from three olclock 
in the afternoon till ten o'clock the following morning 
in an incubator. A small quantity was then removed by 
means of a platinum loop and mixed with some normal 
?aline solution. This was then injected, both sub- 
cutaneously into the back and. intraperitoneally, into 
".he /



the guinea-pigs. None of the animals showed any symp
toms as the result of the inoculation, except that on 
the following day they appeared to be very lethargic, 
unwilling to move about the cage, remaining quietly in 
one comer and taking no food. These symptoms, how
ever, entirely cleared up on the next day, and none of 
the animals died as the result of the inoculation.

I then obtained a fresh, virulent culture from 
Pr Ledingham. This was inoculated, as described 
above, into four guinea-pigs. These showed exactly 
the same symptoms on the day following the inoculation) 
L sub-culture was then made from these guinea-pigs, 
and this was inoculated into a fresh series of animals) 
Fortunately this time two of the animals succumbed, 
on the fifth and sixth days respectively. On the day 
after the inoculation they appeared to be rather quiet
er than usual and refused food. These symptoms in
creased until death occurred on the fifth and sixth 
days. The animals on which the first culture had 
been used completely recovered, the symptoms being of 
a merely transient nature.

I have therefore got two cases of typhoid toxaemia 
in guinea-pigs. In both these cases the suprarenal 
glands were entirely devoid of adrenalin. They were 
treated in the usual manner and compared with control 
animals. The result of blood-pressure experiments 
showed /



showed no traoe of adrenalin - a result which was in 
complete agreement with that given by the bichromate 
seeti ons.

It is interesting to note that the typhoid 
condition appears to resemble the pneumococcal condi
tion in so far that the exhaustion of the medulla of 
the glands appears to be a much less acute process 
than in diphtheritic exhaustion, the reddening and 
swelling of the suprarenal glands being even less than 
that present in pneumococcal toxaemia. But in these 
two cases, the glands were completely exhausted of 
their adrenalin. The importance of this point in con
nection with the clinical history of typhoid fever 
will be referred to at a later stage.

IV Bacillus coii 
Experiments with bacillus coli in rabbits produced re-
i
suits almost identical with those of typhoid, the 
medulla of the suprarenal bodies being exhausted with
out any very great degree of congestion of the gland 
being present.

Experiment
Rabbit; healthy : male : weight - 540 gTm^t

Inoculated with fresh culture of bacillus coli ;
Appeared quite well on the two following days ;
Also appeared quite well on the third day ;
Was found dead in cage on the morning of the 

fourth day.
Both /



Both suprarenal glands were removed; small strips 
placed in bichromate solution and the res+ 
us ed for1 ext, rac t.

Injected into cat three hours later ; (paralde
hyde ; atropine ; artificial respiration) ; 

Control normal animal gave typical rise of blood- 
pressure ;

Above animal gave slight fall in blood-pressure 
(see Tracing).

This I associate with the presence of a very small 
quantity of adrenalin, but whether this be so or not, 
the point to which I wish to draw attention is that 
an exhaustion of the medulla had taken place. Bi
chromate solution gave a very faint yellow stain in 
some of the cells.

V. Staphylococcus 
Experiments upon rabbits with staphylococcal pue ob- 
-t.ained from a very bad carbuncle on the back, killed 
a rabbit in two days. In a second rabbit, death did 
not occur until the fifth day, and in a third rabbit, 
a large abscess resulted without any other effects, 
except that the animal appeared unusually quiet, would 
not eat and generally looked unwell.

The firs+ and second animals presented only a. 
very slight congestion of their suprarenal glands.
The /



The effect of the extract after intravenous injection 
into a cat, together with controls, i« shown in Tracing 
No.7v7 and

The third animal presented a peculiar condition, 
as in consequence of the inoculation it developed a 
large abscess. At first it did not appear to suffer 
any consequences from this, but after seven days the 
condition developed into a cellulitis. The animal 
looked far from well, remained very quietly in its 
cage, would not eat, and was found dead in its cage on 
the morning of the thirteenth day.

The suprarenal glands were at once removed. They 
were found to show very little congestion, but the 
strip in bichromate showed entire absence of any yel
low stain; i.e., •complete absence of adrenalin.

The blood-pressure tracing in a cat, showed com- 
• plete absence of adrenalin (see Tracing No. xxxllj^hns 
confirming the abo-re result.

VI. Tubercle 
In order to investigate the condition of the supra
renal glands in tuberculosis, I inoculated six guinea- 
pigs with fresh tubercle sputum. I have tabulated 
these results as follows :
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These results show clearly that In tuberculosis there 
is also, as in every infective condition which I have 
examined, an exhaustion of the medulla of the supra- 
-renal glands. Occasionally this exhaustion is not 
quite complete. Nevertheless there is apparently such 
a degree of inadequacy vf the suprarenal gland pro- 
-duced that the effects of exhaustion result.

VIi. Streptococcus.
I attempted to obtain streptococcal toxaemia both in 
rabbits and guinea-pigs, by the injection of cultures 
made directly from a patient with a streptococcal 
tonsillitis, and also from another case in which a 
streptococcus was isolated in cultures from an abscssfc. 
These were injected into both rabbits and guinea-pigs 
but apart from the fact that they showed transient 
symptoms on the following day, there were no further 
results. None of the animals died from streptococcal 
toxaemia, and carrying the organism through one series 
of animals did not increase its lethality sufficiently 
tc produce death. I have, however, no doubt that 
a similar condition of exhaustion of the medulla of 
the suprarenal glands would take place with this 
organism.

v i i i. Bacillus of Dysentery.
Through the kindness of Dr. Ledingham of the Lister 
Institute in London, I obtained a culture of this 
organism in a state which was considered sufficiently 
rirulent /



virulent to produce fatal results in animals. I made 
an emulsion from this culture immediately and injected 
it into both guinea-pigs and rabbits, but I found no 
sign of reaction even on the following day. The 
animals remained absolutely healthy. Thus I have no 
observations to record with this organism.

I have also experimented with several other organisms 
but was not successful in. obtaining fatal results.
The above series, however, is quite sufficient to 
prove that exhaustion of the suprarenal glands is not 
specific for diphtheria toxin, but occurs also in all 
other-toxaemias which I have examined.

I~r. IFPITANTS.
I now propose to investigate the question as to 
whether this exhaustion of the suprarenal medulla 
occurs only in acute infective conditions, or whether 
it may not also be produced by other substances*
Under this heading T have included ricin and cantharijies 
The results obtained arp of particular interest.

( a ). Picin.
Through the kindness of Prof. Cushny I obtained 
some /



some fresh ricin seeds. An extract was made from them
in 20 ccs. of distilled water, and this was diluted to
an extent of one in 50. I cc. of this was found to 
kill a guinea-pig in 4 days.

Experiment;-
Guinea-pig; healthy, male; weigh 275 grms 
Injected subcutaneously with 2 ccs. of the

above solution into loose tissue of back 
Animal found dead 43 hours later.
Suprarenal glands at, once removed; found to b

•in a condition of extreme congestion; 
(This congestion was far in excess of anything which I
have ever seen, even in the most acute types of diph-
-theritic toxaemia. The suprarenal glands were almost 
double their normal size, and at first sight, apart 
from their position, it was scarcely possible to tell 
which was suprarenal and which was kidney. The other 
abdominal organs were also in a state of intense con- 
-gestion. )

An extract made from these glands injected into a 
cat, under the usual conditions, together with a 
control showed a rise of blood-pressure nearly double 
that of the normal animal (See tracing). We obviously, 
have a great increase in the amount of adrenalin 
present in the gland under such conditions, where we 
have a violent reaction in response to an intensely 
powerful irritant. The congestion of the vessels has be 
so rapid that the secretion has not been removed from 
the gland and has, in consequence, accumulated in the 
gland, blocked up as it were, and, thus, we obtain an



enormous rise of blood pressure compared to the normal, 
from the excess of adrenalin which has accumulated in 
the gland, while the effects upon the circulation are 
those of absence of adrenalin, since, although the 
adrenalin is actually present in the gland in increased 
quantity,- it is unable to be absorbed and pass into the 
circulation.

Experiment;-
Guinea-pig; male, weight 215 grms.
Inoculated with .5 ee. of above solution of ricin. 
Found dead in cage on 7th. day.
Suprarenal glands at once removed, and found 

to be in a state of great congestion, 
although not so marked as in the previous 
experiment.

On intravenous injection into a cat, with a 
normal as control, a small quantity of 
adrenalin was found in these glands, less 
than in the normal.

The reaction of the suprarenal glands to ricin 
poisoning is the m o s t  acute I have seen. The swelling 
and congestion of the glands is intense, and even if 
death does not occur until the 7tli. day, this congest- 
-ion.is still very marked. I never found these glands 
completely exhausted of all their adrenalin, althougl 
in several eases the amount present was very small. In 
the more acute cases I always found a greatly increased 
quantity of adrenalin present in the glands.

Cantharides. /



Trperiment; - Guires-p1.g; weight 320 gyms.
Injected with a small amount of cantharides.

It wap discovered dead on the third day after inocula- 
tion. The suprarenal« were found to be in a state 
of enoimous conges+icn, similar to that in ricin. On 
intravenous injeotion into a cat a very great in
crease was discovered in the quantity of adrenalin 
present, showing that the condition in cantMrides 
poisoning is practically similar to that in ricin, 
namely a very acute process, with a very marked re- 
-action on the part of the gland, which although full 
of adrenalin is of no assistance in maintaining the 
cardio-vaseular tone, as absorption of the adrmalin 
is prevented by the great congestion of the gland.

7. Cobra Venom 
Through the kindness of Dr Martin of the Lister In
stitute I obtained a small quantity of cobra venom. 
n y n e r i m p p t  : Guinea-pig : weight - I'LL gnt-s.

Animal was injected with .0002 grm. cobra venom. 
It died on the second day. The suprarenale on re
moval showed very little alteration from the normal. 
On intravenous injection (see tracing) they showed a 
quantity of adrenalin which was only slightly below 
that of the control. Death in this condition is due 
tc a respiratory paralysis, and the suprarenal gland® 
are f



are rot primarily affected.
Similar experiments upon two rabbits produced 

identical results, the suprarenal glands not being in
volved to any great extent.

71. Metallic Salts 
My attention was drawn to this subject by Professor
Cushny who suggested one day while this work was being
carried out in his Laboratory that possibly the pig-
-mentstion which is found in arsenical p o ison ing  might
be of a similar nature to that present in Addison’s
disease and therefore due to an involvement of the
suprarenal gland. He suggested that I might attempt
to produce this condition hy inoculating guinea-pigs
with arsenic subcutaneously.

Arsenic Experiment : Guinea-pig : weight - TF0 grmP.
Was inoculated subcutaneously with grrns of 

arsenious acid. It died on the 5th day and on re
moval of the suprarenal s they were found to be moder
ately congested. On intravenous injection into a cat 
together with controls, a very slight fall in blood- 
pressure took place, showing that there was either 
complete absence of adrenalin, or rather only a very 
small quantity present. Bichromate staining showed 
a very faint stain in a few irregularly scattered 
cells of the medulla.

Antimony /



711 Ant imonv 
Experiment : Guinea-pig : weight - 135 grms.

Was given grms of tartar emetic; died four 
days later. On examination, the suprarenale «howed
slight congestion. on intravenous injection in* o a 
•eat, a very «mall quantity of adrenalin wa« found t.o 
be still present. The condition was apparently nearly 
comparable to that in arsenic poisoning.

Metallic irritants are also therefore able to 
produce exhaustion of the medulla of the suprarenal 
glands.

Having thus found that it is possible +o exhaust 
the medulla not only by acute infective conditions, but 
also by vegetable irritants, metallic salts' and other 
conditions which produce a marked reaction on the 
part of the tissn.es, it next becomes a question as to 
whether this exhaustion is not, produced by other con
ditions in which a reaction of the tissues is. called 
forth.

I attempted to find whether I could rot produce 
exhaustion of the gland from mere excessive mechanical 
strain apart from the introduction of any irritant 
into the tissues of the animal. The simplest means 
of doing this is to produce a condition of great 
exhaustion/



This I indirectly did as follows;-
A cat in which I removed both thyroid gland«, 

made a rapid recovery from the operation, and appeared 
in very good condition the same evening. "Then examined 
the following day, however, it was found to be breath- 
-ing with great difficulty. It died in the evening, 36 
hours after the operation; and I found that one of the 
recurrent laryngeal nerves had been accidentally in- 
-.jured, the nerve having passed through the centre of 
one of the lobes of the thyroid gland which had been 
removed. I removed the suprarenal glands at once,
and did not find any marked evidence of congestion or 
swelling;, but, upon intravenous injection into a cat 
I obtained no rise of blood pressure. The suprarenal 
glands had evidently been completely exhausted by the 
strain.

In another cat, I removed both lobes of the thyroid
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gland successfully; and the animal lived for twelve 
yrpoifa after. It became more and more inactive, and fell 
of in weight considerably; end after death, I found tha 
practically every particle of fat had disappeared 
from the body. The suprarenale of this animal did not 
exhibit any visible change to the naked eye, but 
upon intravenous injection a complete absence of any 
blood—pressure action wa« found. (See tracing).

Here also an exhaustion of the suprarenal gland« h 
occurred, but I have discussed this fully in a latsr



and will simply content myself at this stage by point 
out that this just represents another example of 
exhaustion of the suprarenal glands following upon 
a prolonged strain placed upon the animal.

Another cat was allowed to run about, free in a room 
for a considerable time, and was chased about until 
it was in a state of very great, exhaustion, and could 
not perform any more movements owing to the excessive 
fatigue resulting. It ws« immediately killed, and th 
suprarenal glands at once removed. To the naked eye 
they appeared normal. On intravenous injection into a 
•cat, together with a control, a marked diminution in 
the amount of rise of blood pressure was found, the 
fatigued animal only giving a rise of about one half 
of the normal. I have no doubt it would have been 
possible to have made this exhaustion complete, but 
I did not; care to do so. And, the experiment was 
quite sufficient for my purpose.

Elliot (jour, of Physiol. 1907 ) has found that if 
one suprarenal gland be removed from a guinea-pig, 

the animal will die in conseouenee about 24 to 36 hour 
later, with complete exhaustion of the remaining 
gland.

I think these experiments show quite clearly ths ■, any 
cause /



which throws a «train upon the organism, whether it 
he of the nature of a toxin, of a vegetable or miner 
irritant, or merely a prolonged physical strain, is 
sufficient to produce complete exhaustion of the 
medulla of the suprarenal glands.



VKE EEAPT IN DIPHTH3FIA.

Literature.
Condition of cardiac muscle in normal guinea-pig. 
Cardiac muscle in diphtheritic toxaemia.
Excised cardiac muscle with diphtheria toxine.



Condition of Heart-Muscle, etc. 
in Diphtheritic Toxaemia.

When it became gradually recognised that heart-fallure 
was one of the most important complications of diph
theria, a pathological cause was immediately sought 
for. The first theory put forward was the "endo
carditis theory", which was soon recognised as being 
untenable. Thi« was followed by the "thrombosis 
theory", which also had to be discarded. At present 
two competing theories are advanced, namely, (1) that 
the cause of heart failure in diphtheria is a primary 
degenera+ion of the myocardium, and (2) that the con
dition is essentially of a nervous origin. The former 
theory is based upon the view that the diphtheria toxin 
has a direct action upon the heart and that the changes 
in the vagus nucleus and nerve are secondary; while, 
according to the latter view, it is the nervous mechan
ism of the heart which is essentially deranged, the 
fatty changes which are found in the heart muscle being 
secondary to this.

LITERATURE

Endocarditis /



Endocarditis theory

Bridger (Med. Times and Gaz., 1864, Vol.ii, p. 201) 
found marked endocarditis present on the valves 
of the heart in a case of death from diphtheritic 
toxaemia, and considered that this lesion was the 
cause of the sudden death.

Bouchut et Labadie-Lagrave (These de Paris, 1873, No.
117) supported this view and maintained that endo- 
carditis was always present in cases of sudden 
death from diphtheria.

It very soon became recognised, however, that 
this theory was untenable and before long it 
ceased even to be seriously discussed.



Werner (ztschr. f. klin. Med., 1882, p. 334) thought 
that he had found the essential lesion in a 
"cardiac thrombosis", and regarded this as the 
cause of death.

When this theory was first introduced, it 
was strongly supported. It was soon abandoned, 
however, and it is now admitted that cardiac 
thrombosis is a rare complication of diphtheria, 
and that when it does occur, it is probably the 
result of a secondary affection, as shown by 
Wooilaoott (Lancet, 189S, p. 1217).

Barbier et Alquier (Presse Med., 1902, T. x, p. 595) 
still adhere to this theory and maintain that 
cardiac thrombosis is the most frequent cause of 
death in diphtheria. They base their view upon 
an investigation of forty-five post-mortem cases.

"Thrombo«is" Theory



3r1st owe (Med. Tine«, Aug. 20 and 27, 1859 ) made a
careful examination of the heart muscle in a case 
of malignant haemorrhagic diphtheria, and des
cribed marked fatty change in the myocardium and 
in the kidneys, sr.d haemorrhage into the supra
renal glands. Although the fatty change in the 
myocardium was so marked in this case, he states 
his opinion that the heart muscle is usually nor
mal in diphtheria.

Romberg (I). Arch. f. klin. Med., 1891, Vol.xlviii)
examined the cardiac muscle in eight fatal cases 
of diphtheria in man. In eight of these peri
carditis was present, and in three endocarditis.
He found fatty degeneration in most of the fibres,1 
specially marked next the pericardium and endo
cardium, and much less ®o in the centre of the 
muscle.

Welch and Flexner (Bull, of Johns Hopkins Hosp., 1891, 
IT., p. 107) found fatty degeneration of the 
cardiac muscles with congestion oi, and haemor— 
rahge into, various organs in experimental 
diphtheria /
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Sidney (Local Govt, Board Pep., 1891-92, and 
1892-93) studied very carefully the chemical 
pathology of diphtheritic toxaemia. He isolated

■

an albumose from the tissues in fatal cases of 
diphtheria and injected this into rabbits. As a 
result he found no effect upon the liver, kidneys, 
spleen or suprarenale, but there was very marked, 
fatty degeneration in the heart muscle and in the 
diaphragm.

In a second report, written in 1893, he con
firms these statements and concludes as follows j 

"The conclusions to be borne in mind, there
fore, are that the signs of cardiac failure in 
diphtheria are due to a direct effect of the diph
theria poison on the cardiac muscle, and that the 
fa*al syncope which not infrequently occurs is 
essentially cardiac in origin."

It must also be noted that he was unable to 
demonstrate any fatty change in the heart in 
several of the cases he examined in man, espec
ially in his first paper on the subject. Martin 
used albumoses in his experiments. This he se
parated from the tissues after death from diph
theritic toxaemia, but he has not succeeded in 
proving /
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proving that death from diphtheritic toxaemia is 
essentially dura to the production of these al- 
bumoses in the tissues, because if this were so, 
the post-mortem appearances in fatal cases of 
diphtheritic; toxaemia would be similar to those 
following injections of albumoses. This he did 
not always find to be the case, as, although fatty 
degeneration of the cardiac muscle was always pre
sent, in albumose poisoning, it was not always 
found in pure diphtheritic toxaemia cases, on 
the other hand he found no change in the condition 
of the suprarenal glands in cases of death follow
ing inoculation with albumoses.

Folleston (Brit. Med. Journ., March 23, 1395) mentions 
that "softening and cloudy swelling of the supra
renal capsules occur in febrile conditions. The 
medulla appears sodden and blood stained and 
microscopically small extravasations may be found 
in the cortex".

Austen and Cogill (Brit. Med. Journ., March 30, 189d ) 
examined fifty-eight cases of haemorrhagie diph
theria post-mortem and they record no lesion in 
the suprarenals in any of their cases. They also 
state that in most cases "the myocardium appeared
normal".

Hesse /



Kesse (Jahrb. f. Kinderheilk. u. physis. Ersieh., 1895 
Vol.xxxvi) examined the cardiac muscle in twenty- 
nine cases of diphtheria and found interstitial 
myocarditis present in all, but particularly wellj- 
tnarked in four of these, together with consider
able emigration of leucocytes, which he thought 
followed injury to the capillary walls by the 
toxin. These changes were to be noted at the end 
of the first week, and they became more marked 
at later periods.

Vincent (Quoted by Flexner, Johns Hopkins Hosp. Rep., 
189V, vol.^l, ) found in one case of diphtheria 
in which the cause of death was "cardiac paralysi 
atrophy of nerve fibres and their myelin sheaths 
in the cardiac plexus, but the vagus nerve and 
its muscles of origin in the medulla were con
sidered 'to be normal.

Flexner (Johns Hopkins Hosp. Rep., 139V, vol.vi, p. 
259), in a paper upon the "Pathology of Toxal- 
bumen Intoxications", found marked changes in the 
cardiac muscles, liver and suprarenale in animals 
inoculated with cultures of filtered sterile 
diphtheria bacilli. Fatty changes were rarely 
absent from the cardiac muscle, but they can only 
be j



be detected in frozen section*5. They were most 
constantly present in cases which had terminated 
fatally a short time after inoculation.

In regard to the suprarenal glands, the prin
cipal changes are congestion and haemorrhage into 
the substance of the gland, especially the medulla, 
which was often full of blood. Necrosis of cells, 
with leucoeytic emigration was also occasionally 
present.

Mollet. et Regand (Ann. de l'Instit. Pasteur, 189V) in
vestigated diphtheritic toxaemia experiment ally 
in animals and found marked muscular fatty changes 
in most of the org'ans, associated with great emi
gration of leucocyte«, which they considered to 
be secondary to the muscular degeneration. Fatty 
changes in the heart muscle were almost constantly 
present and the striation had disappeared. The 
nuclei had become distorted and swollen, and 
stained feebly. Local haemorrhages were often 
present.

villy (Med. Chron., 1399 ) studied especially the cause 
of the vomiting and heart failure which occur in 
diphtheria. He described marked fatty changes 
in /



in the cardiac muscle and in the gastric walls, 
including great fatty changes in the gland cells, 
Most of the cases had been fed by nutrient enemat 
for the last few days of life. He came to the 
conclusion that the vomiting in diphtheria and 
the cardiac failure were the result of the fatty 
changes which he discovered after death. He 
could find no changes in the central nervous sys
tem.

Giacomelli (II Polioclin., viii ) made a series of ex
periments to try and ascertain the changes pro
duced in the myocardium by various toxins and 
poisons. More or less marked changes were con
stantly seen, but were for the most part confined 
to the hesri-muscle itself. There was no re
lationship between the changes in the connective 
tissues and the vessels and those in the heart 
muscle : the two existed independently. The
changes in the heart-musele varied from simple 
atrophy to fatty degeneration and destruction. 
There were no definite anatomical lesions corres
ponding to definite specific poisons. The chang 
were due to the direct action of the bacterial 
toxin and poison on the muscle fibre itself, and 
were sufficient in themselves to cause heart 
failure.

Thomas /■ •



Thomas and Hibbard (Boston City Hosp. Rep., 1900, p. 
204) examined fourteen cases of heart failure in 
diphtheria and concluded that there is a gradual 
degeneration of the heart-musele accompanied by 
oedema and interstitial infiltration. Degenera- 
tive changes were found in the vagus nerve in all 
fourteen cases.

Poynton (Lancet, May 12, 1900) investigated the "heart- 
wall in diphtheria, rheumatic fever and chorea".
He found fatty changes in the myocardium in all 
these three diseases, and considers that in them 
all death is due to cardiac failure brought about 
by the action of the toxin directly upon the 
muscle fibres. He points out that the muscle 
changes were not secondary to pericarditis or 
endocarditis, and that the diphtheria toxin has a 
more rapidly destructive effect upon the cardiac 
muscle than the rheumatic toxin lias.

His observati ens upon the presence of fatty 
change in the cardiac muscles in a case of chorea 
are important, as heart failure is an uncommon 
complication of chorea. This observation points 
rather to the fact that the mere finding of a 
slight fatty change in the heart after death is 
not to be regarded as a necessary cause of death, 
a point to which I shall later refer in detail.

Micheli /



Michell Clarke (Brit. Med. Journ., Sept. 12, 1903 J in
vestigated the heart and nervous system in a case 
of diphtheria and found no fatty change in the 
cardiac muscle, though many of the muscle fibres 
had a glassy or hyaline appearance. Most of the 
cells in the vago-accessory nucleus, however, 
showed ehromatolysis, and degenerated fibres were 
found in the roots of the vagus. He considered 
that the toxin acts directly upon the nerve-cells.

Stanley (Brit. Med. Journ., Dec. 23, 1903) records an 
analysis of 500 cases of diphtheria and 341 cases 
of beri-beri, with regard to the fatal heart- 
fallure. As his observations from the clinical
point of view throw considerable light upon the 
mechanism of heart failure in these conditions, I 
have ventured to record them at some length.

This failure is always preceded and accom
panied by physical signs of weakness of the 
cardiac muscle, namely, lowered pulse tension,
feeble short pulse-wave, feeble heart impulse, 
short first sound and relatively accentuated pul
monary second sound. The long pause becomes 
shortened and the heart develops a "tio-tao" 
rhythm. As the recuperative period is diminished, 
0 /



a vicious circle is established. This condition 
leads to the still more grave state in which the 
short pause is shortened and the second sound 
follows the first more quickly than normal, "due 
probably to the heart being brought up short by 
the resistance in front of it in the arterial 
system. The condition thus tends to go from bad 
to worse, and, as in + he heart it is "all or 
nothing", a stage is reached when the circulation 
can no longer be maintained, and the heart ceases 
to function suddenly, 'sudden heart failure'".
Ke considers that the cardiac muscle is the prime 
factor in the circulation, and thinks that to 
attribute "heart failure in beri-beri or diph
theria to a neuritis of the vagus is alike un
necessary, inadequate and unproved". A similar 
condition is met with in typhoid fever, influenza, 
plague and acute rheumatism, and also in arsenic 
and alcoholic poisoning, but there is not the same 
great liability to heart failure in these diseases 
as in 'beri-beri and diphtheria. In order to 
prove that there is in these diseases a special 
degenerative action upon the heart, it is necessary
to Siow that the fatty degeneration of the cardiac

in these
muscle is more marked^than in other diseases, which 
he considers to be the case. In his own cases he 
found /



found albuminous degeneration leading to fatty de
generation at a later stage of the process. He 
concludes by emphasising the fact that the cause 
of heart failure in diphtheria and beri-beri is 
the direct action of the toxin upon the cardiac 
muscle, and that the changes in the nervous sys
tem should be regarded as secondary.

Hamilton Trigbt (Rev. Neurol, and Psychiat., Vol.iii, 
1905, p. 650) describes changes in the termina
tions of the vagus in the heart, especially where 
the fibres pass through the cardiac plexus. This 
change is profound, but it can only be regarded 
as a pseudo-degeneration. It is, in fact, a 
toxic alteration of the myelin, and not a true 
degeneration. The nuclei of the neurolemma and 
their surrounding protoplasms are blackened by 
the same acid. There are intensely black flecks 
at the node*5 and internodes, but no rounded drops 
of disintegrated myelin are seen. What strikes 
one is that, although every individual fibre is 
only slightly changed, yet every fibre in a given 
nerve twig is affected, and it is the fact "that 
the whole cardiac termination of the vagus bear 
the brunt of the poi°on, and this, together with 
poisoning /



poisoning of the accelerator terminations soon 
leads to cardiac exhaustion and death."

Brewer (quoted by Bolton, Arch, of Neurol., 1903)
examined the heart in 39 cases of acute diphtheria, 
and found excessive fatty degeneration in every 
case. In those which died at a later period, 
this fatty change was not nearly so well marked, 
and interstitial changes were more apt to be pre
sent .

Pabit et Phi Hippo (Arch, de Med. Experiment., vol.iii, 
p. 647 ) examined five fatal cases of diphtheria, 
and found fatty changes in the cardiac muscle in 
each case. They did not think, however, that the 
mere finding of fatty degeneration in the heart 
was sufficient to account for death, ’which they 
regarded as being the result of pure general 
toxaemia. They also found the central and peri
pheral nervous system to be normal.

Bolt on (Arch, of Neurol., 1905, Vol.ii, p. 806 ) in
vestigated the whole neuro-musoular apparatus in 
thirteen cases which had died from acute diphther
ia, and attempted to trace the exact pathology of 
the progressive heart failure in the acute stage. 
He /



He first points out that clinically, the 
condition is simply one of gradual exhaustion; the 
pulse becomes slightly weaker and then irregular; 
the extremities become cold, the face pale and 
waxy-looklng; the patient grows restless, is 
perfectly conscious, and he may vomit. Death oc- 
curs whenever any sudden strain is put upon the 
heart.

Bolton next examined the condition of the 
cardiac muscle, the vagus nerve and its nucleus.
He has given us one of the most complete accounts 
of this important subject. He found scattered 
acute degenerative changes in the medulla ob
longata affecting those nuclei composed of the 
smaller variety of nerve cell, including the sen- 
sory nucleus of the vagus. The large multipolar 
cells were normal, with the exception of the nuc
leus ambiguus and the nucleus centralis inferior. 
The degeneration in the nucleus ambiguus was 
specially marked at its upper end, from which re
gion, according to Bolton, the cardiac fibres of 
the vagus originate. The amount of degeneration 
varied with the degree of toxaemia; in the more 
severe types the degeneration was very gross, and 
in those in which death was due to accidental 
complications /



complioat ions it was very "light. The vagus 
nerve showed no degeneration in any of its fibres. 
The cardiac muscle showed marked fatty degener
ation in the more tonic? cases, usually most mark
ed at the apex and on the inner surface of the 
heart and papillary muscles. The fibres were 
not all equally affected, degenerated fibres lyin^ 
beside normal fibres and others showing cloudy 
swelling. In the less toxic cases there was no 
fat t y de ge n er a t i on.

The degeneration of the nerve cells in the 
medulla went pari passu with that in the heart.

Ee concludes that "the irregular pulse and 
fatal syncope of acute diphtheritic toxaemia are 
probably due to the disturbed innervation of an 
acutely degenerated heart : the cardiac dilatation 
is the result of weakness of the heart wall and 
irregularity of action, chiefly of nervous origin

Andrewes (Clifford Allbutt’s System of Medicine, 1905,
Vol.t, p.999 ) considers that the diphtheritic 
toxins are essentially nerve poisons, but, never
theless, he regards the heart failure as being due 
to "a direct influence of the diphtheria toxins 
on the cardiac muscle", end states that "fatty de
generation of the cardiac muscle is observed chief
ly in fatal cases of diphtheritic palsy or in 
cases /



esses which die in syncope", although it may be 
absent.

Gee (Clifford Allbu+t's System of Medicine, 1905, Vol. 
i, p. 1008 ) states that the heart failure is the 
result of "a peculiar operation of morbid poison 
upon the heart itself", and is due to an "inter
stitial myocarditis with granular and hyaline de
generation of the muscular fibres". "Probably a 
similar change occurs in the cardiac plexus and 
in the cardiac branches of the vagus».

Mott (Clifford Allbutt’s System of Medicine : Article
on Patty Degeneration) considers that fatty degen-j 
eration of the heart is exceedingly liable to be 
overlooked, and in one case of cardiac syncope in 
diphtheria the heart appeared to him to be healthy 
until he made sections of it, when he found that 
the organ, if stained with osraic acid, was ex
tremely degenerated.

Papkow (Acute Contagious Diseases, 1905) found "exten
sive fragmentation of the cardiac muscle fibres as 
early a s  the third and fourth days».

Councilman, Mallory and Pearce (Acute Contagious
Diseases, 1905 ) examined the heart in sixty cases 
which /



which had died from diphtheria; only forty of 
these were recent. of these, 29 showed fatty 
degeneration. Tn some cases it was diffuse, in 
others patchy, and it was usually accompanied by 
interstitial changes. They found, also, marked 
fatty degeneration of the skeletal muscles, and 
considered that fatty changes in the heart and in 
the skeletal muscles go hand in hand. They 
could find no lesion in the suprarenal glands.

Bolton (Lancet, Feb. 4, 1905, p. 278; discusses the
exact manner in which death is brought about in
diphtheritic toxaemias, and points out first that 
clinically there are two types : (1) an acute
type, in which we are dealing with the action of
toxins on the body, and (2) a. late type, in which 
we are dealing with secondary effects from the 
action of toxone upon the nervous system. In 
acute heart failure, however, he considers it is 
essentially "a primary failure of the heart". This 
is the result of an extensive fatty degeneration 
in the heart and an acute degeneration in the 
cells of the vagus. He is uncertain if acute 
changes in the vagus nucleus would cause irrita
tion or paralysis of the vagus nerve; possibly 
both are produced at the same tine in different 
P art s /



parts of the heart, causing in consequence marked 
irregularity of the heart’s action. "The irre
gular pulse and fatal syncope of acute diphther
itic toxaemia are therefore due to the dis turbed 
innervation of an acutely degenerated heart. The 
heart failure exhibited in the acute stage by 
patients who recover is probably the resi.nt of 
similar, though less extensive changes. At a 
later stage of the disease the results of these
changes, together with interstitial cellular in-

'
filtration are sufficient to produce a latent 
weakness of the heart, which can be brought into 
evidence by some strain and in this stage, also, 
degeneration of the vagus nerve probably plays a 
not uninrporta nt p s.r t".

Dudgeon (Brain, 1906, Vol.xxix, p. 226) made an exam=* 
ination of the various changes which occur in the 
viscera, nerves and muscles in sixteen cases of 
acute diphtheritic toxaemia, and compared his re
sults with those obtained from experimental in
oculations of guinea-pigs. He found in man 
marked fatty degeneration as early as the fourth 
day, but emphasises strongly that this fatty 
change is not visible macroscopically, and may 
even /
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even not stain at all elearly with osmie acid, al
though Sudan iii or Scharlach R. usually stain it 
distinctly. He concludes : "it may be justly
said that there are two typical forms of fatty 
change of the cardiac muscle in acute toxaemia :
(a) diffuse and fine fatty change ; (b) sc at t ere'
fatty change, showing fine, medium and coarse 
droplets". He also states that "granular change 
was noted in some instances, both in the human and 
experimental cases, but one must be careful to die 
-tinguish the normal granularity of the heart 
muscle, which is a very marKed feature, from that 
which may be regarded as a distinct pathological 
condition". In fourteen cases in man, which 
succumbed to other diseases, he failed to find any 
fatty change, except in one, where death followed 
oxalic acid poisoning.

He records further that he found diffuse fatty 
charge in Hie diaphragm and that this may occur as 
early as four hours after the time of inoculation, 
before m y  change can be detected in the heart 
muscle and "before any other change had occurred 
beyond the congestion of the suprarenal glands".

"Hone of the skeletal muscles - either in 
the human or experimental cases - ever showed 
fa tty ch snge".

He records congestion of the suprarenal glands 
as /



as "a most characteristic lesion" which may he 
detected within four hours after an inoculation.
It undergoes fatty change which he describes as 
being present both in the cortex and in the 
medulla. "It is usually stated in books on 
histology that the adrenal gland contains some 
fat which is practically limited to the outer 
layer of the cortex. . . .  In guinea-pigs 
which have succumbed to the action of the diph
theritic toxin, the entire cortex of the adrenal 
glands appears to consist of fat. Every cell 
which can be defined is filled with fat droplets. 
Throughout the medulla there are also large areas 
of fat present. In the glands obtained from 
children which have succumbed to diphtheria, a 
similar change is present". I have quoted this 
in full as it is a statement which is not correct, 
since fatty degeneration of the cells of the 
medulla of the suprarenal glands is a condition 
which does not occur, although it may be simul
ated by masses of cells from the cortex projecting 
amongst the medullary cells. i have examined 
over one hundred suprarenal glands in guinea-pigs 
killed by diphtheritic and other toxins, and 
could net possibly have missed such a change, did 
it occur.

He /



He concludes that the term "cardiac paralysis" 
should be replaced by "acute cardiac failure", 
and regards the fatty change in the heart and 
diaphragm due to a direct action of the toxins 
upon these tissues as the most important change, 
the nervous changes being secondary to it. A 
similar fatty change may be found in certain of 
the important viscera, especially in the adrenal 
gland and the liver.



Fatty Changes In the Heart in Diphtheritic Toxaemia

I propose in the following pages to describe a number 
of experiments in which I attempted to ascertain to 
what extent this fatty change in the heart muscle,which 
has been so frequently described, is to be regarded 
(1) as pathological, ( 2 ) as due to the action of the 
toxin, and (3j as due to some other cause which we may 
discover.

I have been quite inable to obtain the heart of a 
case that had succumbed to acute heart failure in diph
theria, and thus I am not in a position to make any 
statements in regard to this condition in man, unless 
it be to point out that in such cases the discovery of 
fatty changes in the heart must be very oarefull3r 
judged, and that the evidence must be very closely 
weighed before any wide generalisation be drawn from 
the presence of a degeneration which, although undoubt
edly present, need not necessarily have been the cause 
of death, and may not even have been produced by the 
specific agent which had caused death in the case in 
question. Hasty conclusions drawn from changes found 
in the heart muscle in man, as in the central nervous 
system, cannot be considered as of great value unless 
the lesion be so extensive as to leave no manner of 
doubt in regard to its cause, and such as to allow us 
to /



to exclude all the other innumerable factor* which 
have also been present in the case and have contributed 
towards the point in question.

Condition of the Heart Muscle 
in the Normal Guinea-Pig

In connection with the experiments upon the condition 
of the suprarenal glands in diphtheritic toxaemia, 
jwhich I have already described, I have stated that in 
every case in which extracts from such glands were 
used for intravenous injection, the restilts were in- 
.variably compared with those obtained from normal 
animals. I had thus a large store of normal material 
at my disposal. I investigated the condition of the 
heart-muscle in ten of these normal animals. A strip 
was taken from the wall of the left ventricle and one 
from the right ventricle : these were fixed in 10%
formalin, transferred after 48 hours to gum, frozen a 
few days later, cut and stained with Sudan iii. I 
have tabulated the. results as follows, in order that 
they may be more easily seen :
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Patty changes were thus detected in five out of 
the above ten oases, i. e., in 50$. in three of
these it was of a generalised, diffuse nature (con
sisting of fine droplets scattered throughout the 
muscle fibre), and in two, it to o k  the form of large 
drops, found only in isolated patches, scattered ir-

- regularly throughout the heart, the intervening tls-
- sue being normal. If we exclude those two cases 
from the above list as being due to circulatory die-

-turbsnces, such as thrombosis, embolism, etc., the 
proportion falls to 30$.

The principal point, however, to which I wish to 
draw attention is that a slight degree of fatty 
change may be found in an apparently normal heart, 
i.e., in a heart taken from an animal which at the 
time it was killed showed no sign of any pathological 
change. The mere presence of a slight diffuse fattyj 
change in the heart muscle need not, therefore neces
sarily prove fatal or cause any marked interference 
with the noimal action of the heart as a whole.

Action of Diphtheria Toxin upon the Heart itu-cle

Experiment I.
Healthy guinea-pi g was killed. The heart was then 
removed and s small strip of the ventricle was placed 
in /



in a solution of 10$ formalin for examination as a con
trol. Another part was placed immediately in warm 
Ringer's solution, to which had been added an amount 
of diphtheria toxin corresponding to one minimal lethal 
dose. A third strip was also placed in warm Ringer's 
solution, to which, however, no diphtheria toxin had 
been added. The last two pieces were then placed in 
an incubator and kept there at a temperature of 37° q .\ 
for 24 hours. They were then removed and fixed in 
10$ formalin for 24 hour«5, transferred to gum for 
another 24 hours and then cut with a freezing micro
tome.

In this way sections were obtained, (l) of the
heart muscle in a fresh condition, (2) of heart muscle
in contact with Ringer's solution for 24 hours at 

o37 c., ana (3) of heart muscle in contact with Ring
er's solution plus diphtheria toxin for 24 hours.

The sections of these +hree strips showed in the 
first case, no sign of any fatty change, and a careful 
examination of the second and third strips also failed 
to detect any sign of fatty change, so that the con
tact of diphtheria toxin with healthy heart muscle in 
warm Ringer's solution for 24 hours does not produce 
any fatty change.

Experiment II
A second healthy guinea-pig's heart was treated in a 
manner j



manner exactly similar to that in tlie preceding experi 
ment, with the exception that in this case five times 
the minimal lethal dose of diphtheria toxin was added 
to the warm Ringer's solution. The strips were kept 
for 24 hour’s in the incubator as before, and all three 
were examined by frozen sections stained with Sudan iii 
for fatty changes. In this case, as in the last, no 
fatty change was to be discovered in any of the three 
strips of tissue.

Experiment m
A third healthy guinea-pig was killed as before. The
heart we removed and three strips taken and treated as
in the preceding cases. The third strip, however, was
allowed to remain in contact with ten times the minimal
lethal dose of diphtheria toxin for 24 hours as before,

oat a temperature of 37 c. The three strips were then 
compared. In this case slight fatty change was pre
sent. It consisted of a fine collection of small drop
lets. I should have attributed this condition to the
diphtheria toxin had the controls not been also exam
ined and found to exhibit an exactly similar condition. 
This result is very important as it demonstrated very 
clearly how easy it would be to draw erroneous con
clusions from experiments like the above, if they were 
not guarded by controls. I repeated the experiment 
at a later date, when I found that the condition was 
quite normal.

Experiment /



Experiment IV 
A healthy guinea-pig was again taken and the heart 
muscle treated as before, except that, on this occasion 
it was incubated for 48_ hours with twenty times the 
minimal lethal dose of diphtheria toxin. On exam- 
ination all three strips of tissue showed complete ab
sence of any fatty change.

These experiments seem to me sufficient to show 
that, there is no action between diphtheria toxin on 
the one hand, and the cardiac muscle fibres on the 
other. If the toxin hare an action upon the cardiac 
muscle fibres, we might expect to find some degree of 
fatty change present under these conditions. This, 
however, is not the case, and it does not appear to 
be possible to produce any changes in the cardiac 
muscle by simple reaction between the cardiac muscle 
itself and the diphtheria toxin.

I

j



Condition of Cardiac Muscle Fibres 
in Diphtheritic Toxaemia

I now propose to study the condition of the cardiac 
muscle fibres in guinea-pigs killed by diphtheria 
toxin. I have examined a large number of cases in re
gard to this particular point, but the following series 
is sufficient to show clearly the points which I wish 
to demonstrate :

Experiment I
Guinea-pig : healthy t male : weight -150 grms ;

Inoculated subcutaneously in back with 1/200 cc. 
diphtheria toxin ;

Died 24 hour® later ;
Piece of heart-muscle from ventricle removed and 
placed in 10$ formalin ;

Afterwards transferred to gum and frozen, the 
sections being stained with haematoxylin and 
Sudan iii ;

No fatty change was discovered, the cardiac muscle 
being quite normal

Experiment II
Guinea-pig : healthy : male : weight - T752Tms ;

Inoculated subcutaneously with i / o 0 diphtheria 
toxin ;

Died /



Died _48_ hour«? later.
Piece of heart-muscle from ventricle removed and 
treated as above. Sudan iii in this case also 
failed to show any fatty change.

Experiment III 
Guinea-pig t healthy : male : weight - 200 grms

Inoculated subcutaneously with 1/3OC -c. diph
theria toxin ;

Died 72 hours later.
Piece of heart muscle removed and treated as be
fore ; stained with Sudan iii ;

Here a slight degree of fatty degeneration was 
present in the form of fine minute globules of 
fat. There were not found in every fibre.
They were distributed somewhat irregularly in 
patches and appeared to be rather more marked 
in the innermost layers of the heart-muscle next 
the endocardium. Many of the fibres were quit 
free from any fatty change and appeared to be 
perfectly healthy. The appearance of the 
sections, when they were first examined with the 
low power, suggested that all the fibres were 
healthy, and it required the high power to re
veal the presence of any globule®, owing to 
their extremely minute size. Te have obvious
ly here only a very slight degree of fatty 
change /



change, a degree so alight, that, unless it wer 
specially examined for, it would pass unnoticed 

This change Is not universally present throughout 
the whole heart-mu? ole, healthy muscle fibres 
lying side by side with fibres showing this 
slight degree of fatty change. The fatty fibres 
tend to aeetimmulate in small patches, which no
where reached any great size.

In a second guinea-pig which also died at the end 
of the eighth day, I was unable to find any 
sign of fatty change present; and in a third, 
the degree of fatty ctenge was somewhat more 
extensive than in the above case; but here alsd 
it consisted of similar extremely fine droplets, 
with, however, a somewhat more extensive dis
tribution.

Experiment IV
Guinea-pig ; healthy ; male : weight - 300 grms;

Inoculated subcutaneously with x/400 diphtheria 
toxin ;

Died on 7th day after inoculation.
Piece of heart-muscle removed from left ventricle 

and treated as before ; stained with Sudan iii» 
Here a fine fatty change were present, somewhat 

similar to that described in the above experi
ment . The droplet® were, possibly, somewhat 
larger /



larger than in the former case, but the differ
ence was not at all marked, except that the 
tendency for an exaggeration of the condition in 
localised irregular patches did not ®eem to be 
present. Large droplets of fat in the cells 
were ve ry une OTimon.

I also examined in the above case, sections from the 
skeletal muscle and from the diaphragm, as fatty degen
eration has been described in both of these in diph
theritic toxaemia. Dudgeon (1,c) described fatty de
generation in the diaphragm as early as 4 hours after 
an ^inoculation and considered that the fatty change 
in the diaphragm preceded that in the heart and was
usually much more extensive. Stanley O-.c), Bolton (*

-

and others have all commented strongly upon the fact 
that in diphtheritic toxaemia death is due purely to 
cardiac failure, and that the respiration and mental 
conditions remain unaffected till the end. If fatty 
degeneration does occur in the diaphragm, it obviously 
does not affect the normal contraction of the muscle, 
as there is no clinical instance of any paralysis of 
the diaphragm in diphtheria.

My observations do not support those of Dudgeon, 
as I not only was not able to detect any e-ddence of 
fatty change in the diaphragm after four hours, but 
even /



even after two day®. The fatty changes in the skelet
al muscle (rectus abdominalis) and in the diaphragm 
were present in the last two of the above experiments, 
i.e., in the fourth and seventh days, but here also 
they consisted only of fine droplets. Fatty changes 
in the °keletal muscle and diaphragm, however, may also 
be found in apparently healthy animals, and this, I 
think, must be the explanation of Dudgeon's statement. 
In investigating a subject like this, it is not possib] 
for me to point out too strongly how very important it 
is that conclusions be not drawn from too limited a 
number of observations. If conclusions are to be 
drawn in regard to changes in tissues, s. g., in the 
cardiac and skeletal muscle in diphtheria, it is neces
sary that a very large number of different cases be 
examined in order to determine exactly how great a 
variation from the noimal may be met with in apparently 
healthy animals. if this be done systematically, it 
will be found that fatty changes in the heart are not 
uncommon in such healthy animals, and are not due to 
the effect of the toxin.



SUMMAEY.

). Slight fatty changes may be found in the
hear* muscle of the apparently healthy 
guinea-pig.

). After incubation of fresh heart muscle with
diphtheria toxin in warm finger's solution, 
no fatty changes were detected 

). Guinea-pigs dying from diphtheritic toxaemia 
do not show any marked fatty change until 
about the fourth day; this fatty change 
consists, even then, of very minute droplet^ 
of fat in the cells, requiring a high power 
of the microscope before they can be detected 

). Fatty degeneration of the diaphragm doe® not oc 
in diphtherl + ic toxaemia, until.a late 
period, when a general fatty change is 
found in all the skeletal muscles. The 
diaphragm does not appear to be involved 
early; but simply to participate in this
general fatty change.



ADDENDA

He states that

-sue end vessels - may be injured".
"Alteration° in the musole cells constitute the 

most frequent and the most important change. Granular 
de.genera.tj on i ° almost always found, and has as its re— 
-suit- a iose of fibril bundles and a marked weakening 
of the power of the heart. Fatty degeneration is not 
re re, bii t 1 fcQ connection with acute disease is not nee-- 
- essarily close, as it is more oPten produced by other 
cause® which may hare been active before the onset of 
the fatal illness. Hyaline changes are founc occas- 
-ionally, cut are rarely extensive. They are probably 
the result of concentrated toxic action, and their oc—

-currence is often favoured by vascular and other local 
conditions".

"Fatty in^iltrat ion of the cardiac muscle may be
found j



found present after death, from acute disease, though, 
of course it has no connection with it".

Cowan is inclined +o thinh that "fatty degenera
tion of the heaTt i° not due to toxines on the heart, 
but to defective oxygenation of tissues, and the toxic 
causes are assumed to act by their in terference with 
t hi s fij. n c 11 on".

In six uncomplicated cases of pneumonia, he found 
no fatty change® in three ; in one ca°e of pneumonia 
with, empyeemia, no fatty change was present, and in a 
case of pneumonia following beri—beri, only a few 
fibres «howed 2 fatty change. "The hearts of two 
rabbits vhi ch died from the eubcutaneou® injection of 
pneumonia debris, showed slight general fatty degen
eration, and he finally com®® to the conclusion that 
the "fatty change in pneumonia is rarely notable, 
and seeme to be dependent on causes other than the 
pneumonia itself", and he points out that he considers 
that mere "pyrexia seems incapacity cm produ ;• ing fat oy
changes in the r.yocardium*' He was unable to obtain 
any hearts for examination from cases dying from acute 
h e r: rt fa ilure i n diph the ri a.



PELATI OH OF IH TE FH AL SEKTION OF THE 
SUPRARENAL GL AH I) S TO THE TONE 

CF THE C ARDI0—VAS CULAE APPARATUS.



RELATION 0? INTERNAL SECRETION on THE 
suprarenal glands to THE 'TONE'

OE THE CAPDIO-VASCULAR APPARATUS.

At thin stage I think, it would be advisable to 
summarise +he work, which I have done upon the supra
renal gland.

I have shown that in diphtheritic toxaemia the 
medulla of the suprarenal gland becomes completely ex
hausted of all its store of adrenalin. I have then 
°hown that a similar condition is met with in pneumo
coccal, typhoid and other toxaemias, and that it may 
also be produced by means of various vegetable irri
tants, such 8s ricin, and also be metallic salts.
Finally I have demonstrated that it is not even neces
sary to have an irritant present, any condition causing 
a great strain upon the cardio-vascular system of the 
organism being sufficient to exhaust the suprarenal 
glands. Such a condition is obviously present in 
fatigue, and mere fatigue causes an extra using-up of 
the adrenalin, wi+h a temporary exhaustion, which, I 
think, may be so severe as to prove fatal, should the 
condition of fat igue be sufficiently prolonged. I 
have then shown that in diphtheria, there is no action 
between adrenalin and diphtheria toxin, and between an 
emulsion of the suprarenal gland tissue and diphtheria 
toxin /



toxin, and I have shown that it is possible to com
pletely exhaust the medulla of the glands by stimul
ating the splanchnic nerve.

At this stage, therefore, I conclude that the ex
haustion of the suprarenal gland which takes place in 
acute Infective and other conditions involvi ng great 
strain upon the organism, is not a direct action upon 
the secreting ceils, but is in some way produced 
through the nerves passing to the gland.

I have pointed out that this exhaustion must her. e 
a. very seriou® effect upon the eardio-vascular mech
anism. Removal of the suprarenal gland always cause? 
death in about 24 hours. The cause of death is a 
cardio-vascular paralysis, The vessels are directly 
under the influence of adrenalin, since an increase oi 
adrenalin increases their tone, and a diminution de
creases it.

But the vessels are also under the control of a 
special system of nerves - the vaso-constii ctor and. 
vaso-diiator nerves. The problem now is to ascertain 
to what degree the tone of the vessel is maintained by 
those nerves and to what degree it is maintained by 
the internal secretion of the suprarenal gland; i.e., 
are the vessels normally maintained in a state of tone 
by their nerves and then subject to various alterations 
from the normal state of tone owing to increase and

diminut ion /



d im in u t i o n  o f  a d r e n a l i n ,  o r  i s  th e  s t a t e  o f  to n e  m a in 

t a i n e d  by th e  s e c r e t i o n  o f  th e  s u p r a r e n a l  g la n d s ,  th e  

s y m p a th e t i c  f i b r e s  to  +he v e s s e l s  m e r e ly  r e g u l a t i n g  

t h i s  s t a t e  o f  tone t o  some s l i g h t  d e g re e  u n de r  v a r i o u s  

c o n d i t i o n s  ? The c h i e f  t h i n g  w h ic h  must a t  once 

s t r i k e  one i n  c o n s i d e r i n g  t h e s e  two i n f l u e n c e s  i s  t h a t  

a d r e n a l i n ,  w h i l e  e x e r t i n g  i t s  e f f e c t  upon th e  w ho le  

e a r d i o - v a s c u l a r  a p p a ra tu s ,  i s  n o t  a b le  t o  p ro d u c e  a 

l o c a l i s e d  e f f e c t  upon any p a r t i c u l a r  a r e a .  I t s  e f 

f e c t  must b e  g e n e r a l .  Now, unde r  th e  i n f l u e n c e  o f  

n e r v e s ,  a l o c a l i s e d  e f f e c t  may v e r y  e a s i l y  be  p r o 

d u c e d , and a c o n s t r i c t i o n  o r  d i l a t a t i o n  o f  a v e r y  

s m a l l  a rea  may be c a u se d  w i t h o u t  any p a r t i c u l a r  e f f e c t  

b e in g  e x e r t e d  upon t h e  r e s t  o f  th e  c i r c u l a t i o n .  In

o r d e r  t o  t r y  and d e te rm in e  w h e th e r  th e  tonus  o f  th e  v e s  

- s e l  i s  m a in t a in e d  by  t h e  n e r v e s  o r  by th e  c i r c u l a t i o n ,  

o r  by  t h e  s u p r a r e n a l  s e c r e t i o n ,  I a t tem p ted  t o  remove 

o r  d e s t r o y  a l l  t h e  n e rv e  f i b r e s  p a s s in g  to  the  v e s 

s e l s  and h e a r t .  A t  f i r s t  s ig h t  t h i s  appea red  t o  be 

a v e r y  d i f f i c u l t  t a s k  t o  c a r r y  ou t e x p e r im e n t a l l y .  I f  

t h e  a c com pany in g  F ig u r e  o f  t h e  s y m p a th e t ic  sys tem  be 

exam ined , however, i t  w i l l  b e  n o t i c e d  t h a t  a l l  th e  

f i b r e s  to  th e  c a r d i e - v a s c u l a r  a p p a ra tu s  p a s s  th ro u g h  

t h r e e  g r e a t  s y m p a th e t ic  g a n g l i a .  I  r e f e r  h e re  to  th e  

c a t .  H e re  th e  f i b r e s  to  th e  t h o r a c i c  p a r t  o f  th e  

body a l l  p a s s  t h r o u g h  th e  two s t e l l a t e  g a n g l i a  and th e  

f i b r e s  j



E ye .

S a l i v

H ea rt  

Hr one hi.

Livoi 
P an c i 
I n t  e s 

K idne

Co lon .
B ladd
Beprojdue t  i v e  c r g n r  «

1Her

f i b r e s  to  t h e  ab d o m in a l v i s c e r a ,  e t c .  a l l  have 

s t a t i o n s  o r  p a s s  th ro u g h  th e  s u p e r i o r  m e s e n t e r i c  and 

i n f e r i o r  m e « e n te r ic  g a n g l i a .  I f ,  t h e r e f o r e ,  b o th  

s t e l l a t e  g a n g l i a ,  th e  s u p e r i o r  m e s e n t e r i c  g a n g l i o n  

and th e  i n f e r i o r  m e s e n t e r i c  g a n g l i o n  b e . a l l  removed, 

tl-.er the  w ho l«  o f  th e  c a r d i o - v a s c u l a r  a p p a ra tu s  w i l l  

be s e v e re d  from it®  c o n n e c t io n s  w i t h  th e  s y m p a th e t ic  

n e rv o u s  s y s te m .  I f  t h i s  be c a r r i e d  o u t  i n  any a n im a l , 

e .g .  i n  th e  c a t ,  and a c a r d i o - v a s c u l a r  p a r a l y s i s  do 

not r e s u l t ,  t h e n  i t  i s  a p p a re n t  tha+ th e  to n e  o f  th e  

c a r d i o - v a s c u l a r  a p p a ra tu s  does  no t  depend upon  th e  

i n t e g r i t y  o f  i t s  c o n n e c t io n s  w i t h  th e  s y m p a th e t ic  ne rvou s  

sy s t  em.

The above f i g u r e  i s  r e p ro d u c e d  from  H eye r  and

sry Glands,

1" e r i c  V e s s e l s

e a s .

Rectum.

G o t t l i e b ’ S /



Pha rm akoLog ie ,  1910 , b u t a somewhat s i m i l a r  d iag ram  

o f  th e  c o u r s e  o f  th e  s y m p a th e t ic  f ib re ®  i n  th e  oa t  

h a s  been p u b l i s h e d  by  Onuf and c o l lir,® a t  th e  end o f  

t h e i r  bock  upon ' t h e  S y m p a th e t ic  N e rvous  S y s te m '.

To remove a l l  th o se  t h r e e  g a n g l i a  i n  one 

a n im a l  i s  a somewhat s e v e re  o p e r a t io n ,  b u t  may be 

q u i t e  s u c c e s s f u l l y  c a r r i e d  o u t .  The a n im a l  w h ich  I 

u se d  was th e  c a t .  Rem ova l o f  th e  m e s e n t e r i c  g a n g l i a  

does n o t  p r e s e n t  any g r e a t  d i f f i c u l t y ,  a p a r t  f rom  

t h o s e  p r e s e n t  i n  any such  s e v e re  o p e r a t i o n .  Removal 

c f  th e  s t e l l a t e  g a n g l i a ,  how eve r, i s  a m a t t e r  o f  g re a t  

d i f f i c u l t y .  The « t e l l a t e  g a n g l i o n  l i e s  v e r y  d e e p ly ,  

b e in g  s i t u a t e d  be tw een  th e  f i r s t  and second  r i b s ,  i t  

may be reached  e i t h e r  f rom  t h e  v e n t r a l  o r  th e  d o r s a l  

a s p e c t .  Onuf and. C o l l i n s  ( l o c .  o i t .  p .  144) u sed  th e  

d o r s a l  method, m ak ing  a —| -shaped, i n c i s i o n  o v e r  th e  

u p pe r  b o r d e r  o f  th e  s c a p u la ,  and i n c i s i n g  th e  p l e u r a .  

They s t a t e  t h a t  th e  c h i e f  o b s t a c l e  to  th e  v e n t r a l  

method c o n s i s t s  i n  th e  n e c e s s i t y  t o  lo o s e n  th e  o e s -  

- o p h s g u s ,  w h ich  " p u f f e d  up b a l l o o n  f a s h io n  w i t h  

n e a r l y  e v e r y  r e s p i r a t i o n ,  and th u s  p e r s i s t e n t l y  h i d  

th e  f i e l d  o f  o p e r a t i o n " .

The method w h ic h  I employed i s  as f o l l o w s  

I d id  no t  u se  th e  d o r s a l  r o u t e  as I d i d  no t  w is h  to  

i n c i s e  th e  p l e u r a .  I  i n c i s e d  th e  neck  i n  t h e  m id d le  

l i n e  by a lo n g  m e s ia l  i n c i s i o n ,  and s e p a ra t e d  th e  

muscle® u n t i l  I fo un d  th e  v agu s  n e rv e  and th e  c e r v i c a l  

s y m p a th e t ic  /



s y m p a th e t i c .  T h i s  l a t t e r  n e rv e  was th e n  f o l lo w e d  

downward* by b l u n t  d i g e s t i o n  u n t i l  i t  was p o s s ib l e  to  

d i s c o v e r  th e  « i t n a t i o n  o f  th e  « t e l i a t e  g a n g l io n .  T h is  

can  o n ly  be done i f  th e  o p e r a t io n  be c a r r i e d  out 

- f i r s t  upon th e  dead a n im a l  i n  o rd e r  to  g ra sp  the  

p o s i t i o n  and r e l a t i o n «  o f  th e  g a n g l i a .  H av ing  done 

t h i s ,  +he « t e l i a t e  g a n g l i o n  and «one o f  th e  t i« « u e  

i n  i t s  im m ed ia te  n e ig h b o u rh o o d  ir&r t o r n  o u t . as a 
■»»•tie to-ere 1«- " e r y  l i t t l e  b le e d in g .

Proerinert I.
C a t .  male* w e ig h t  B h i i o s .

C h lo r o fo rm  a n a e s th e s ia  * 

l o t h  « t e l i a t e  g a n g l i a  removed « u c e e s s f u l l y  by
p >, r. ’* c "rii O'f.V Q rj #

Sup. and i n f .  mesenteric ganglia then removed.

.»cry d e l i c a t e  d i s s e c t i o n ,  bu t ne t  much

■J- *r orrvnTrr^V  Ì3& &  m

A n im a l r e c o v e r e d  f r on. a r 29s t .n e t i c  

w e l l .  La y  o u i e t l y  i n  cage a l l  

e v e n in g ,  bo p a i r .

I py+ dav the animal sesnreu yru n »••red better, leer* Sf;
 ̂c.̂ r|ri;+e. Still lying or it« side ir 
«tra p,eean to move about cage in 
evening, and bega:- to eat a little.
IT  £5; "V» C g  VJ jp  T  ' ' f  X  T O  ̂  *

lext day animal much better, fitting, up in cag
in morning. Began b  move about during, tfe 
day. Heart 85 per minute.

Kert day /



Next day  a n im a l  appea red  s t i i _  b e t t e r .  Both  

wound« appea red  v e r y  s a t i s f a c t o r y .  H ea r t  

8 2  p e r  m in u te .

Next m o rn in g  a n im a l  found  le ad  i n  cage.

A t th e  a u to p s y  th e  p e r i t o n e a l  c a v i t y  was f u l l  

o f  b lo o d ,  a r u p t u r e  o f  th e  a o r t a  h a v in g  tsh en  

P l a c e  a t  t h e  s i t u a t i o n  o f  th e  i n f e r i o r  

m e s e n t e r i c  g a n g l io n .

The i n f e r i o r  m e s e n t e r i c  g a n g l io n  c o u ld  no t  be 

fo u n d .  N e i t h e r  c o u ld  I f i n d  any s t e l l a t e  

g a n g l i a . A  « m a l l  p o r t i o n  0'p th e  s u p e r io r  

m e s e n t e r i c  g a n g l io n  l e d  been i s f t  %e h in d .

<fy o b j e c t  i n  c a r r y i n g  ou t t h e  above o w s e to

t r y  and i iscove"* ’ w h e th e r  th e  ’ t o n 0 * o t h c c a r d ie _

—v a s c u l a r  snows r a  t v s  depended, ’ noon th e  m s iv t f i n a n c e  o f  

an i n t a c t  c o n n e c t io n  w i t h  th e  « y m p a th e t ic  r e r m ’i -  

syst.etr.. How, i n  th e  above exam p le , I  have  removed

•f * p  c j + p  ”  0  "t, P   ̂ A  t  hT c  -v» 0  «*•* v r . f i  c rp -* - + o  ’*'» j  3 iX . 8  1. 8  XX jL  O X

m e s e n t e r i c  g a n g l i a  from a c a t ,  i.e. I have completely
opi.i,jf.+ Gr- t'j]"01c CBTd-XX—’rS°XXX 2.5X"* ,3273It XX®

x. * ° c o r^ ^ x t io v*° tt i  ~ lx t i i  8 0 7 r * i x x  3

j"'GX-X' cl \ h 8 t t-Ix3 ins 1 TIO* X7":iy TCX OXr8Z*8:1 f'T0TT. i 1X8
o p e r a t i o n ,  b u t  a c t u a l l y  l i v e d  u n t i l  the  f o u r t h  day , 

j n i  even t h e ” -162+ d id  not r e s u l t  d i r e c t l y  f r o -" “ he 

r e s u l t s  o f  th e  o p e r a t i o n .  The c a r d ie —*Ta*cm 1 a r  an. am v*s 

d td  not s i '- 'p  * ^ r o "<• To**« a i  u r  hanc^* h  ’ hat

f o l l o w i n g  /
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f o l l o w i n g  any  o t h e r  such  e x t e n s iv e  o p e r a t io n ,  and 

wee a c t u a l l y  i n  v e r y  good c o n d i t i o n  on the  day p re v iew  

t o  d e a th .  I n  s h o r t ,  th e  to n e  o f  th e  o a r d io - v a s c u la r  

an ■ Jo e s  n o t  depend noon  the  m a in ten an ce  o f  an

i n t a c t  s y m p a th e t ic  nerve s u p p ly .

B a y l i c e  ( J o u r ,  o f  P h y s i o l .  I 2 C C ) has  come to  

th e  c o n c lu s i o n  t h a t  th e  v a s o - c o n s t r i c t o r  f i b r e s  have 

v e r y  l i t t l e  to  do , p o s s i b l y  n o t h in g  a t a l l ,  w i t h  

th e  m a in te n a n ce  o f  th e  v a s c u l a r  tone . He c o n s id e r s  

t h a t  v a s o - d i l a t a t i o n ,  f o r  i n s t a n c e ,  c o u ld  no t p o s s i b l y  

s im p ly  r e s u l t  f ro m  th e  l o s s  o f  v a so —c o n s t r i c t o r  to n e ,  

as  th e  v a so —c o n s t r i c t  o r  f i b r e s  appea r  to  e x e r t  v e ry  

l i t t l e  t o n i c  i n f l u e n c e  upon th e  v e s s e l s .

L a n g le y ( S c h a f e r ' s  Text—booh o f  P h y s i o l . )  

t h in h  t h a t  p o s s i b l y  i t  i s  th e  vo lume o f  b lo o d  i n  the  

v e s s e l s  w h ic h  m a in t a in s  t h i s  s t a t e  o f  ' t o n e ' .

I t  i s  q u i t e  c l e a r ,  however, t h a t  t h i s  s t a t e  

o f  ' t o n e '  d oe s  no t  depend upon th e  s ym p a th e t ic  

s y s t  em.

I t  h a 0 been hncwn e v e r  s in c e  th e  o r i g i n a l  

o b s e r v a t io n s  o f  B row n -Seona rd  t h a t  rem ova l o f  th e  

s u p r a r e n a l  glands i s  a lw a y s  f o l lo w e d  by d e a th  i n  th e  

c o u r s e  o f  th e  n e x t  34 o r  48 h o u r s .  T h is  o b s e r v a t io n  

has  been c o n f i rm e d  r e p e a t e d l y  by numerous i n v e s t i g a t o r

e . g .  by B i l l o t  ( J o u r . o f  P h y s io  1. 1906 ). Pcl^affT ■ T90c 

( O l i v e r —S h a rp e y  L e c t u r e )  p o i n t s  ou t t h a t  " th e  r a t  happ 

to  be th e  one a n im a l  w h ich  i s  a b le  to  w i t h s t a n d  cum^l

rem o va l /
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removal of both suprarenal capsules", and states that 
thisAon account of the large amount of .accessory 
chromaphil tissue which is present in the abdomen and 
pelvis of this animal.

Death after extirpation of both suprarenal 
glands juoi'3 iruni cardio-vascular paralysis, it is 
accompanied by a gradual and progressive diminution jn 
the blood-preseure, and results from the absence of 
adrenalin. Obviously therefore the maintenance of the 
•tone' of ihe cardio-vascular apparatus is more de- 
-per.dent upon a continuous supply of adrenalin than 
upon intact nervous connections.

I thus conclude that functionally acti^e 
suprarenal glands are absolutely necessary to maintain 
the tone of the vessels, and that they do so by 
manufacturing and passing into the circulation a 
continuous supply of adrenalin. If this supply be 
diminished, the cardio—vascular tone gradually falls, 
and culminates in heart failure.

Summary;-

(I ). Removal of the stellate, superior mesente" 
—io and inferior messnteric ganglia does not produce 
cardio-vascular paralysis.

That is, the tone of the cardio-vascular 
apparatus does not depend for its maintenance upon an
intact sympathetic nerve supply.

(?). Removal of both suprarenal gland? leads, to
death from carflio—vascular paralysis in from 34 to 48
hours.



That is, uhe tone of the cardio—vascular apparatus 
jn dependent upon normal fnncticr.aily active suprarena 1
glands; or rather, upon a continuous supply of adrenalm
from such glands.

At this stage I should again like to draw attention 
to the development of the sympathetic ganglion cell 
and the cells of the suprarenal medulla.

They are both of the same histological character 
and apparently of the same embryological derivation.

The one type of cell, the sympathetic ganglion 
cell developes an axon 'process, and becomes united 
with a plain muscle fibre, The nervous stimulus to 
the fibre passes from the cell along the axon.

The other type of cell, the chromaffine cell, 
does not form connection" with the plain muscle fibres 
Instead it secretes a chemical «ubstance into the 
blood which produces an excitation of the plain 
muscle fibre identical with that produced by nervous 
excitation of the sympathetic cell.

The point which I wish to emphasise is that 
the tone of the cardio—vascular apparatus is dependen 
upon a continuous supply of this chemical substance 
from the chromaffine cells, and not upon a continuous 
supply of nervous energy from the ganglion cells.
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The me dulls of the suprarenal glands 'may be exhausted 
diphtheritic toxaemia. 

in I have pointed out that there in no reaction be-A.
tween adrenalin on the one hand, and diphtheria toxin 
on the other, either in regard to a diminution of the 
blood-pressure raining power of the adrenalin or to the
minimal lethal done of diphtheria toxin. I have then

■proceeded to show that there appearn to be no reaction I
between an enruleion of suprarenal gland tissue and 
diphtheria toxin as regards a diminution of the minimal 
lethal dose of the toxin, control experiments with 
muscle, kidney and other tissues giving an identically 
similar result. The secreting cells of the supra
renal gland show a very high degree of specialisation, 
and it is possible that such delicately constructed 
cells might be thrown out of action at a very early 
stage by any toxin circulating in the blood. This 
theory, however, receives no support from actual in
vestigation.

The suprarenal gland may, however, as I have 
shown, be completely exhausted by means of stimulating 
the splanchnic nerve. This point is of very great 
importance, as it affords us at last information as 
to the method by which inadequacy of the suprarenal 
gland may be brought about. The presence of a toxin 
in the circulation causes a reaction on the part of 
th e /
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the tissues, with acceleration of the heart and tend
ency to a fall of blood-pressure. This must undoubt-

necessitateedly .«wwe- an increase in the secretion from the supra- 
rerials, and the fact that the suprarenal glands may be 
exhausted of their adrenalin by nervous stimulation 
suggests that the increased action of the s uprarenal 
glands,in connection with the cardio-vascular phenom
ena in acute infective conditions may lead to a greater

■

strain being placed upon the gland than it is able to 
respond to, and consequently it may become temporarily 
exhausted. As the secretion of this gland is neces
sary for life, this temporary exhaustion leads to 
death, exhibited in these conditions by °udden heart 
failure.

I have also shown that the heart itself does not 
exhibit a degree of fatty degenera+lon which is com
patible with a primary ac+ion of the toxin upon the 
cardiac muscle. A slight degree of fatty degeneration 
may, as we have seen, be present in an apparently nor
mal animal. Diphtheria toxin and cardiac mu=cle to
gether produce no fatty change, but in animals which 
have died on the fourth or fifth day from diphtheritic 
toxaemia a slight, fine, diffuse fatty cli nge may be 
present in the muscle fibres, never, however, in any 
advanced /



degree. The mere presence of a fine fatty degener
ation of this nature 1« not in itself necessarily a 
cause of acute heart failure.

I have confi ira ed these results by showing that thè 
isolated frog's heart may be perfused with a dilute 
solution of diphtheria toxin (such as twice the minimal 
lethal dose for a guinea-pig) without causing any 
cessation of the heart’s action. I have then pointed 
out that, as is well Known, removal of both suprarenal 
glands ie, not. always fatal in from 24 to 48 hours, and 
that the few cases on record in which animals have suri- 
vived removal of these glands for a longer period have 
always revealed, on later examination, the presence of 
accessory suprarenal bodies. This is no doubt the 
explanation of their longer survival.

Destruction of the central nervous system does 
not diminish the tone of the cardio-vascule.r apparatus!. 
I have emphasised very strongly the point that it is 
possible to remove both the stellate ganglia, the

-semilunar ganglion and the inferior mesenteric ganglion 
from one animal without thus causing a fatal issue, 
so that we must regard the tone of the cardio-vasoular 
apparatus as being maintained by some other cause than 
its «sympathetic nervous connections alone. Removal 
of the suprarenal glands invariably causes a diminu- 
-tion of the cardio—vascular tone. The animal dies ina /



a very short, time, with progressive synroioms of fall 
in the blood-pressure. As we know that the action of 
adrenalin is to produce a rise in biood-pressure the 
fall in blood-pressure which occurs after removal of 
the suprarenal glands must neoessaril3r be due to ab
sence of its internal secretion. We are therefore 
forced to conclude that the tone of the cardio-vascular 
system is dependent not upon its nervous supply, but 
upon the internal secretion from the suprarenal glands,

I now propose to discuss this subject in detail.
In the following account I shall use the word "adren
alin" as being synonymous with the internal secretion 
of the suprarenal gland, in accordance with the general 
use of the word, and not as referring to any prepara
tion or to any particular mode of preparing the ex
tract. I also propose to use the term "vegetative" 
nervous system as referring to the whole group of 
nerves which are included by Langley under the term 
"autonomic". The reasons for this will be given 
later.

Adrenalin has been shown by Langley (l. t¿and by 
Elliot (ic4 to act directly upon the myo-neural junc
tion of the vegetative nervous system.

The vegetative nervous system consists of two 
neurones, a preganglionic and a post-ganglionic, the 
junction between them taking place in one of the 
sympathetic /



sympathetic ganglia. The preganglionic fibre arises 
from the cells of the intermedio-lateral tract situat
ed in the lateral horn of the spinal cord (Bruce 
Herring, ), and their fibres pass outwards in the 
anterior nerve roots to terminate round the post
ganglionic cell, situated either in the main chain of 
the sympathetic or in one of the prevertebral ganglia. 
The second neurone, or post-ganglionic neurone, arises 
from one of these ganglia, and terminates in one of 
those structures innervated by this syqtem of nerve 
fibres, namely, non-striped muscle, cardiac muscle 
or secreting glandular tissue. Now, adrenalin does 
not act upon the synapse between the preganglionic and 
the postganglionic fibre; it acts upon the myo-neural 
junction of the postganglionic fibre and the non-striped 
muscle, and according to Elliot (1.3.) this myo-neural 
junction is derived from the muscle and not from the 
nerve fibre.

The great interest in regard to this action of ad
renalin upon the myo-neural junctions of the vegetative 
nervous system lies in the peculiar origin o f  th e  t i e — 

-sue cells w h ic h  no®sees the property of m a n u fa c tu r in g  

adrenalin. I have described this in d e t a i l  a l r e a d y ,  

and have shown that their origin is intimately wrapped 
up with that of the cells of the sympathetic ganglia, 
mfce cells from  which these g a n g l ia  d e v e lo p  a re ,  a t an 

early /



early stage of development, of one kind only. Later 
they become differentiated into two different and se- 
-parate types, one of which ultimately becomes the gan
glion cells of the sympathetic ganglia, while the 
other follows a curious course and develops into a 
type of cell which steins a peculiar brown colour with 
bichromate solutions, a reaction which distinguishes 
it from all other cells and is only present in cells 
that contain adrenalin. A large proportion of those 
cells atrophy after foetal life, but a considerable

•

number of then, nevertheless, remain permanently, some 
in relation to the ganglia themselves, some as separ
ate small groups in the neighbourhood of the abdominal 
aorta, especially towards its lower end, and some ag
gregated together to form still larger groups, of which 
there are only two of any importance - the carotid 
body situated at the bifurcation of the common carotid 
artery, and the medulla of the suprarenal body. (The 
cortex of the suprarenal body has an entirely different 
origin from the medulla ; it is derived from the 
primitive Wolfian bodies), We thus have this extreme^
iy important point, that all those cells which contain 
adrenalin (especially the largest collection of such 
cells in the medulla of the suprarenal body) are de-
rived from, or have the same origin as, the sympathetic 
ganglion /
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ganglion cells, and that their secretion, adrenalin, 
has a direct action upon the myo-neural junctions, in 
fact, as I shall shortly show, their main function is 
to maintain the normal tonus of the structures inner
vated by the sympathetic ganglion cells.

Every structure which receives its nerve supply 
from the vegetative nervous system is supplied by two 
sets of nerves which are antagonistic to each other in 
action. For example, the heart is controlled by two 
antagonistic nerves, one, the vagus, being a purely 
inhibitory nerve, the other, the accelerator nerve
passing to the ie art from the upper dorsal segments of 
the spinal cord.. Stimulation of the first nerve slows 
the heart; stimulation of the second quickens the 
heart. Their action, therefore, is antagonistic.

In an exactly similar manner, the vessels are sup- 
-p.lied by two sets of nerves, vaso-constrictor nerves 
and vaso—dilator nerves, stimulation of the former 
causing contraction of the vessels, stimulation of the 
latter causing dilatation. The former, i.e., the vaso
constrictor nerves, are accurately known and their 
paths have been ascertained; the latter are still a 
matter of dispute. Bayliss, who has devoted more time 
to this subject than any other worker, has proved that 
there are no vaso—dilator fibres in the sympatiieti *> 
nerves /



nerves, but only vaso-conatrictor fibre®. He has
also shown that there is in health, apparently, very
little tonic contraction of the v 0 c ? o - o t >  ozc
fibres, and that i t  is not possible that v a s o -d i la ta -

tion could be simply a result of absence of the tonic
influence of the vaso-constrictors. in fact, vaso-
dilatation must be due to a direct stimulation of vaso|

*dilator fibres.
Gaskell ( * ) has demonstrated the presence of 

fibres in the crural nerve in the dog to which a mini- 
-raal amount of curare, just sufficient to paralyse the 
motor cells, had been given. On stimulation after 
this, an increase in the blood-fiow took place, for 
which he accounts by the fact that curare paralyses the 
motor nerves at an earlier stage than the vaso-dilatar.) 
GoItz showed the presence of vaso-dilator fibres in a 
common nerve trunk in the following manner : If the
nerve contained both vaso-constrictor and vaso-dilator 
fibres, on stimulât ionthe constrictor influence at 
once overpower the dilator» The dilator effect, how
ever, appears as an after-result, for the vaso-dilator 
fibres are the lesa easily exhausted.

The presence of these two antagonistic groups of 
fibres may also be proved by the results oí division 
the nerve, the vaso-constrictor fibres degenerating 
much /
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much more rapidly than the vaso-dilator fibre®. The
vaso-dilator fibre® retain their excitability for from
six to. ten days after section, but the vaso-constrictor
fibres become unexcitable after the third or fourth
day. Single induction shocks at not more than five
per second also stimulate the vaso-dilator fibres,
while a more rapid series of interruptions stimulates
the vaso-constrictors. Howell showed that on cooling

othe sciatic nerve to 5 C., the vaso-constrictor fibre
become paralysed before the dilators. That the vaso
dilator and va sc-con strict or fibres are antagonistic 
in action can be proved by regarding the volume of 
the tongue in a piethysinograph. ; stimulation of the 
hypoglossal nerve causes constriction which may be 
antagonised by excitation of the lingual, and vice 
versa. according to Langley,

[The blood-vessel« possibly maintain their state
of tone by the tension of the blood, a'nd thus there 
is a close analogy with the heart which is excited to 
contract by a rise of internal tension. The vaso
constrictor nerves may increase the excitability of 
the vascular muscle to the stimulus of olood tension, 
while the vaso-dilator nerves diminish its exoitabil- 
-ity. The vaso-dilator fibres would thus be brought 
into analogy with the cardio-inhibitory nerves (see 
later).]

Bayliss /



Bayliss, after being unable to obtain any trace 
of ra«o—di latation on stimulation of the sympathetic 
fibres, found that if he cut the poeterlor nerve roots 
central to the posterior root ganglia and stimulated 
the peripheral end, he obtained vascular dilatation of 
the corresponding part of the limb. He proved that 
I this dilatation was the result of antidromic impulses 
passing along sensory fibres, as in the posterior 
nerve roots there are no fibres which degenerate 
centrally. He concluded, therefore, that vaso-dilata- 
jtlon is the result of stimulation of the vaso-dilator 
nerx'es and that these vaso-dilator nerves are appar
ently identical with the posterior root sensory fibres 
which may therefore convey censory impulses in an 
afferent direction and vaso-dilator impulses in an ef
ferent direction.

Last year I was enabled to show from evidence
-

in connection with vascular reactions to irritants, 
that we must regard those sensory fibres as bifurcat- 
-ing at their peripheral extremity, one limb of the bi- 
-fureation ending In a sensory end-organ in the shin, 
the other ending in the wall of the vessel, and I 
pointed out that vascular dilatation might consequently 
be the result of an axonal reflex limited to the two



limbs of this bifurcation as i have shown in the 
above figure. The stimulus causing yaso-dilatation of 
central origin possibly reaches the posterior root 
ganglia through those fibres which pass to the posteri 
root ganglia from the sympathetic ganglia. (See Schafe: 
Text-book of Physiology, ISOO, p. SOS. Fig. 307.).

The point which I wish to emphasise is that we 
know the course of the vaso-oonstrictor fibres to the 
vessels very accurately, and we have now got consider
able information, not only with regard to the actual 
presence of vaso-iilator impulses, but also as to the 
course and path which these vaso-diiator fibres take.
We may thenefore regard the vessels as being supplied 
with vaso-constrictor impulses analogous to the accel
erator impulses to the heart, and with vaso—dilator 
impulses analogous to the inhibitory stimuli to the 
heart. In the walls of the vessels there must therefore 
be a constrictor myo-neural .junction and a dilator 
myo-neural junction. The action of adrenalin upon the 
vessels is to cause a rise in blood pressure as the 
result of direct stimulation of the myo-neural junction 
Obviously this must be the result of a stimulation of 
the constrictor myo—neural junction.

I now wish to discuss whether adrenalin ever 
acts upon the vaso—dilator myo—neural junction.

Dale /
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Dale (journ. of Physiol., Vol.xxx, 1900) found 
that ehrysotoxin (or rather its sodium salt), an active 
principle prepared from ergot, produced on intravenous 
infection a prompt rise of blood-pressure, almost, 
exactly similar to that produced by adrenalin. If 
now a solution of adrenalin be injected we get, instead 
of a rise in blood-pressure, a marked fall. Pletliys- 
-mograph experiments upon the intestine show a simul
taneous increase in volume, thus directly proving that 
the fall in pressure is a resu.it of vascular dilatation. 
During this fall of pressure the heart is undoubtedly 
not weakened and it is usually obviously accelerated, 
so that the fall in blood-pressure is not secondary to 
cardiac weakness. He concludes that this fall of 
pressure can only be explained by the fact tin t as the 
action undoubtedly is upon the myo-neural junction, 
it must be of arch a nature tin,t the stimulus of ad- 
-renaiin causes relaxation of the muscular wall of the 
arteries instead of normal constriction.

The explanation of this reversal of the action of 
adrenalin is as follows : Every structure controlled
by the •» sympathetic" nervous system ('autonomic'system 
I of Langley) is influenced by two antagonistic systems 
of nerves, the one motor, the other inhibitory. This 
is very Clearly shown in Fig. I* , which I have repro
duced from Meyer and Gottlieb's "Experimentelle

/Pharmakoiogie" /



Pharmakologie. If the figure be'examined it w in be 
noticed that Meyer applies the term "sympathetic to 
those fibres which arise from the dorsal region of 
the cord, i.e. from the first dorsal to the first, 
-lumbar segment; and he limits this term to these 
fibres alone. These fibres conduct motor impulses 
and send fibres to every structure innervated by 
the "autonomic system of Langley". But every one of 
these structures also receives an innervation of 
antagonistic fibres, i.e. inhibitory fibres. These, 
according to Meyer, never arise from the dorsal region 
of the cord. They either come from the medulla oblong 
-ata, the mid-brain or the sacral region. To the fib: 
arising from these three levels Meyer applies the term 
"autonomic". This is in sharp contrast to the use 
to which Langley put this term when he first intro- 
-duced it. Langley applied the term "autonomic nervous 
system" to all those fibres which innervate plain 
muscle fibres, cardiac muscle and glandular tissue, 
whether they were motor or inhibitory in function. 
According to Langley, therefore, the "sympathetic" 
nervous system, refers only to the dorsal outrlow of 
the autonomic nervous system. In other words, Langley 
applies the term "autonomic" to all the fibres 
whether they come from the cephalic, medullary, dorsal 
or sacral regions; but limits the term "sympa‘,hetic" 
to the dorsal outflow only; i.e. the sympathetic 
system of Langley forms only a part of his autonomic 

nervous system.
Meye: //



Meyer limits the terra "autonomic to the mesen- 
cephalic, medullary and sacral outflow, and the term 
"sympathetic" to the dor so-lumbar outflow. He was 
the first, so far as I am aware, to point out that the 
outflow of fibres from these two systems are antagonist 
tic in their action - that the former is "inhibitory" 
and the latter "motor". i f  this point be clearly 
understood, the points which I now widi to discuss 
will be more easily followed.

Every structure with an "autonomic" (Langley) in
nervation will thus be under the control of two anta
gonistic nerves, one inhibitory, the other motor. But 
the influence of these two antagonistic nerves, al- 
though opposite, is not always equal; in some cas^s 
the motor influence predominates, in others the in
hibitory, and in certain structures the one influence 
may predominate at one time and the other at another. 
This is very well shown by Cushny (Journ. of Physiol., j 
vol.35, 1906-7, p.l) in connection with his experiments 
upon the uterus - results which have since been con
firmed by Dale (Journ. of Physiol., Vol. ill, 1900) 
Cushny found that on stimulation of the hypogastric 
nerve he sometimes got contraction ox the uterus fol
lowed by inhibition, and sometimes inhibition followed 
by contraction. In the cat the response to stimula
tion of the hypogastric varies with the condition of 
the /



the animal at the time of the experiment. in the vir- 
-•gin it is purely inhibitory, the uterus relaxing to a 
considerable extent, and this inhibition may last for
one hour or longer. During pregnancy, however, the

causesresponse to hypogastric stimulation is strong and.im- 
-mediste contraction, not followed by any obvious in
hibition. The inhibitory fibres thus prevail in the 
virgin cat, while during and after pregnancy the motor 
fibres mash their presence. In the heart an exactly 
similar condition is found, as certain drugs which in- 
-crease the irritability of the organ produce only a 
very sii&it inhibitory effect on stimulating the vagus 
(Cuehny, Journ. of Physiol., 1906-7, vol.35, p. 11)

In the virgin cat, adrenalin produces inhibition 
only (cushny, q.v., and Dale, q.v.), persisting long 
after the blocd-pressure has returned to norma 1. In 
pregnant cats, adrenalin causes contraction pure and 
simple. Adrenalin, therefore, stimulates both the 
inhibitory and the motor myo-neural junctions. Nicot
ine in large doses weakens and prevents all response, 
both sets of ^ibres being equally affected.

in evejy organ which receives its nerve supply 
from the "autonomic nervous system" (Langley), both 
motor and inhibitory fibres are present, the one, how
ever, usually predominating over the other. The 
action of adrenalin on any organ thus depends upon 
which /



which of these two effects is the more powerful.
In the case of the arteries we get a motor effect 

from the injection of adrenalin, as the mo ter element 
predominates, and s rise in blood-pressure therefore 
follows. But adrenalin, as I have shown, acts both 

| upon the inhibitory and the motor elements, and in the 
( case of the arteries acts upon both the dilator and 
; the constrictor myo-neural junction0. The rise of 
, blocd-pressure is due to the predominance of the motor 
effect. But adrenalin may act upon the vaso-di la tor 

| myo-neural junctions and produce a vaso-dilatation and 
consequent fall in blood-pressure. This will only 
occur, however, if we have in some way succeeded in 
preventing the action upon the motor myo-neural 
junction from taking place. This may be done in 
several ways :

(1) Cushny (Journ. of Physiol., vol. 37, 1908)
! found, while woiking upon the optical isomeric action 
of natural and synthetic adrenalin, that the injection 
cf adrenalin is not always followed by a purely pres
sor effect. In a dog, in which a slowly progressive 
rise in the blood-pressure had been taking place for 
some time independently of any injections of adrenalin, 
an injection in the early part of the experiment pro- 

- duced a purely pres sur effect, while at a later stage, 
when /



when the pressure had risen to a great height from some 
unknown cause, the injection of adrenalin caused a 
slight pressor action followed by a marked depressor 
phase, and finally this latter predominated. Later 
for seme unknown reason, the blood pressure gradually 
and progressively diminished again and subsequent in
jections were followed by pressor action only, and 
the slow rise of pressure again setting in, the de- 
-pressor phase again became the more predominant feature}. 
He attributes this to the fact that the arteries were 
in a state of almost maximal contraction during the 
high pressure period, and adrenalin could influence 
them only through its stimulation of the vaso-dilator 
fibres. When they assumed a more normal calibre, the 
adrenalin acted on both constrictor and dilator fibres, 
the former predominating.

(2 ) Dale (journ. of Physiol., Vol.35, 1906, p.I
200) found that if he first injected ten mgm. of 
chrysotoxin intravenously, he got a marked rise in 
blood pressure, due, he states, to a stimulation of 
the motor fibres apparently at the myo-neural junctions. 
If he now injected .1 mgm. adrenalin, he obtained a 
complete reversal of the action and got a marked fall 
in blood pressure, which was as large as the corres
ponding rise would be if there had not been an in
jection of chrysotoxin previously. That is, the
leffect /



effect of chrysotoxin is to cause a complete reversal 
of the normal action of adrenalin. By varying the 
quantities of the above two drugs, j.t, i* possible to 
produce all the intermediate effects between the full 
rise in blood pressure and the full fall in blood- 
pressure. Such a reversal of the normal action of 
adrenalin can only be due to one of two causes;; either 
the adrenalin itself is destroyed or the substances 
upon which it acts become paralysed. But even pre- 
-suming that either of these explanations is the cor
rect one, we should then have an explanation of the 
absence of the adrenalin reaction rise in blood-pres
sure, but not an explanation of the cause of the fall 
in pressure. The cardio-accelerator effect is not 
abolished by chrysotoxin, and the fall in pressure is 
therefore not due to cardiac depression. It is, how
ever, accompanied by a corresponding increase in volume 
and must therefore be due to a vaso-diiatation.

Cushny showed that the normal effect of adrenalin 
on the virgin uterus 1« to cause inhibition, qn the 
pregnant uterus to cause contraction. Bale found 
that if he first injected chrysotoxin in the virgin 
uterus, he obtained the usual inhibitory response to 
the injection of adrenalin, and if he injected chryso
toxin in the pregnant uterus, the motor response of 
adrenalin /



adrenalin is abolished and is replaced by an inhibitory 
effect. Obviously, therefore, chrysotoxin abolished 
the motor response +o adrenalin, but not the inhibitory 
response. Certain structures, however, such as the 
stomach and intestine, the gall-bladder and the fundus 
of the urinary bladder, exhibit a purely inhibitory 
response to adrenalin. Chrysotoxin in these produces 
no alteration in the normal reaction to adrenalin.

Structures innervated by "autonomic (Langley) 
fibres may, therefore, be divided into three groups ;

1. Tho°e in which the resu.lt of electrical
stimulation and of adrenalin is motor ;s i

2. Those in which the result of electrical
stimulation and of adrenalin is inhibitory

3. Those in which the result of electrical
stimulation and of adrenalin is sometimes
inhibitory and at other times motor.

Dale states "that the only explanation which fits 
all the facts is that this p a r a l y s i s ,  already shown to 
be confined to the myo-neural junctions of the true 
sympathetic system, is further limited to those of 
motor function, leaving those concerned with inhibition 
relatively, or absolutely unaffected". In short, 
chrysotoxin paralyses only the motor myo-neural junc
tions, the inhibitory myo-neural junctions being 
unaffected /



unaffected. The res eon that adrenalin thus produces 
s. fall in blood-pressure under these conditions is a 
direct stimulation of the vaeo-dilator myo-neural 
junctions, the vaso-constriction being paralysed by 
the action of the chrysotoxin. We therefore get a 
complete explanation of the fall in blood-pressure re
sulting from the intravenous injection of adrenalin, 
and a proof that adrenalin may also directly act upon 
vaso-dilatojfas well as vaso-eonstrictor myo-neural 
junctions. In fact, adrenalin appears to act upon 
every myo-neural junction, whether inhibitory or motor, 
and its particular action, motor or inhibitory, de
pends solely upon whether that particular influence is 
in predomination. Elliot (Brit. Med. Journ., 190^/", 
vol.ii, p./27) has shown that the hairs down a cat’s 
back and tail respond very slightly to the injection 
of adrenalin. The hairs on the tail of a mongoose 
are very readily excitable by adrenalin, and it would 
seem as if the delicacy of reaction twoards adrenalin 
varied directly with the functional u°e of the muscle 
by the animal in daily life, the mongoose expressing 
every emotion by fluffing out its tail» reaction
of any plain muscle in the body is of a similar oh. i 
acter to that following excitation of the sympathetic 
nerves supplying that muscle, and the extent 01 ĥe 
reaction varies directly with the frequency of normal 
physiological /



physiological impulses received by the muscle through 
the sympathetic nerves.

These experiments of Cushny and of Dale afford 
us evidence that adrenalin may act also directly upon 
I the vaso-diiator myo-ne^ral junctions, although nor- 
-mally it acts upon the vaso-constrictor junctions.

Moore and Purington (Pflüger's Arch., Vol.81,1900 
p. 484) found that when they injected small quantities 
of adrenalin intravenously, they obtained a fall in 
blood-pressure instead of a rise. They found that 
with a dose of from .24 to .245 millionth part of a 
gram per kilo, a fall in bl ood-epr essure resulted dir
ectly; with doses from 5 to 10 millionth of a gram 
per kilo produced a pure rise of from 20 to 40 mms. of 
mercury, while doses of 1 to 5 millionth of a gram per 
kilo produced a short rise followed by a pm longed 
fall. They considered that this fall in blood-pres- 
-sure which takes place on the injection of very small 
intravenous injections of adrenalin is due to the 
action of adrenalin itself and not to the presence of 
some other substance besides adrenalin, since this 
action is produced on diluting the extract containing 
adrenalin, presumably as the action of the adrenalin 
predominates /



predominates before dilution, and as dilution has af
fected both principles equally, the action of the ad
renalin should still predominate over that of the other 
hypothetical substance, should this fall be due to the 
presence of seme secondary body. They however con- 
* elude that there are not two substances opposed in the! 
action present in extract of suprarenal gland, and that 
the fall in blood-pressure is a direct result of adren
alin itself in very small doses. They point out that 
injection of small doses of adrenalin will therefore 
be more injurious to the animal than complete absence 
of adrenalin, owing to this fall which it produces.

Vincent and Sheen (joum. of Physiol., vol.29, 
p. 24?) showed that all glandular tissue probably con- 
- tains both a pressor and a depressor substance, the 
former extracted by saline solution at ordinary temper
atures, the latter extracted by boiling saline. They 
showed that the opinion of Mott and Halliburton (Journ.. 
of Physiol., 1899, vol.25) that the fall in blood- 
pressure on the injection of extract of glandular tis
sue is not due to choline since it is not abolished by 
atropin, as choline and atropin together cause a rise 
in blood-pressure, choline alone causing a fall. This 
substance plus atropin still produces a fall in pio 
sure. They conclude that this fall in blood-fie -..._e 
with small doses of suprarenal gland is in al- proba- 

-bility due to the presence of the depressor subitanee 

which /



which may be extracted from all glandular tissue, and 
probably from all animal tissues, and that it should 
not be regarded as due to adrenalin.

Meyer and Lowy (Arch. f. experiment. Physiol., 
Pathol, u. Pharmakol., Vol.53) investigated very thor
oughly the action of artificially prepared adrenalin. 
They were able to obtain a similar fall in blood-pres- 
sure from this preparation. At the British Medical 
Association Meeting in London, in July 1910, Meyer 
stated that he had proved to his own satisfaction that 
this fall in blood-pressure which Is the result of the 
injection of very small quantities of adrenalin is due 
to a direct action of the adrenalin upon the vaso
dilator myo-neural junctions. fe may therefore now 
conclude that adrenalin acts upon both the vaso-eon- 
strictor and the vase—dilator myo-neural junctions, 
usually upon the former, producing then a ri^e in blood 
pressure.

The classical reaction of adrenalin on intravenous 
injection is to produce a sudden rise ot blood—pressure 
of °hort duration, followed by a sudden return to he
normal (see tracing

If a second dose of the same strength be injected,
the previous response is repeated, and a third and 

subsequent /



subsequent doses always elicit a similar and equal re
action, thus constituting a distinction between extrac 
of suprarenal and extract of pituitary, a second dose 
of which, injected immediately after a first, produces 
no effect.

If a large number of injections be given at rapid 
intervals, the response of the vessels to adrenalin 
begins to diminish in strength, a feature which may be 
quite satisfactorily explained as the result of fatigud 
since it does not appear to occur with very numerous 
injections of small quantities of adrenalin, and is 
more rapidly produced by large doses.

This sudden rise and fall, which is the reaction 
of normal vessels to adrenalin, is a purely artificial 
result. It is the consequence of the sudden throwing 
into the circulation of a large excess of adrenalin, 
and the great rapidity with which it passes off, shows 
how rapidly it is used up. This sudden rise and fall 
need not necessarily occur, as the same dose which pro
duces this rapid rise and fall in the normal animal 
will cause a prolonged rise and gradual fall in the 
perfused organ of the same animal (wi-ggers,Arch, of 
Int. Med., March, 1909).

According /



According to Meltzner (Aner Journ. of Physiol.,
1&03, IX, p. 260), if the ner^e supply to the vessels 
be cut, the reaction is greatly prolonged. He attri
butes this to the fact that adrenalin acts in two ways, 
firstly as a peripheral constrictor, and secondly as 
a central dilator; if the nerves be divided, the 
central dilator effect is removed, and the constrictor 
reaction, i.e., the rise in blood-pressure, persists 
for a longer period of time.

The reaction may also be greatly prolonged by in- 
-jeeting the adrenalin either subcutaneously or intra
muscularly. The local result upon the surrounding 
tissues, however, is such an intense vaso-constriction 
that absorption must necessarily be slow, and under 
theee conditions the rise in blood—pressure becomes 
greatly prolonged. This result will be seen in
Tracings No , , . 1  have rot been able to obtain
a constant increase of pressure in consequence of 
intramuscular and hypodermic injections ; my results 
show a gradual rise and gradual fall, and I attribute 
the extra rises and falls upon the curve to irregul
arities in absorption. (The details of the experiment 
are recorded upon the respective tracings).

The effect of adrenalin intravenously is deter
mined by the strength of solution as well as by the 
rate /



rate and method of introduction into the body. A 
weak, solution injected intravenously will only raise 
the pressure very slightly. If, however - and this 
has been attempted by Kretechner, (Archiv. f. exp. Path, 
r. Pharm.) 0 weajc volution of adrenalin be continuously 
injected for several minutes, then a «light rise in 
blood—pressure occurs and remain« permanent as long as 
the fluid is flowing in. If the rate be increased, 
then the ri«e of blood—pressure increases also, and on 
diminishing the rate of flow, i.e., the amount of ad- 
-renalin passing into the circulation of the animal, 
there is a corresponding fall in pressure. On stop— 
-ping the inflow, the pressure falls to its original 
height. This is an experiment of considerable im
portance, and I have included several very good trac- 
—ings which «how this in a very satisfactory manner, in 
the book of tracings (See ho.

117e now see why it is that the effect of intra— 
-venous injection of adrenalin is so transient. If we 
arrange the injection so as to be continuous instead 
of transient, then the reaction on the part of the ve« 
-sels will also be continuous, and not transient. rphe 
degree of contraction of the vessels is proportional 
to the amount of adrenalin passing into the circulation, 
since the blood-pressure rises and falls proportion
ately.

The /



The secretion of the medulla of the' suprarenal - 
glands passes directly into the blood. The cells are 
of an epitheliura-like structure and are set veTti^piiv 
round the vascular spaces which appear to be not true 
capillaries but to have a sinusoid character like thos 
of the liver. The blood i« collected from these 
spaces by veins, most of which join to form the cap
sular vein which emerges from a groove in the anterior 
surface of the gland (Schafer, Brit. Med. Journ., May 
3 0, 19 OS, p. 1279).

The cell« of the medulla, as I have already re
peatedly shown, stain brown with bichromate solutions.

%

Stilling (1887) described granules which exhibited this 
reaction in the cell« of the medulla, and later Gott
lieb (1S83 ), earlier ( 1893 ) Auld (1894) and Manaase 
(1895 ) found similar granules in the blood in the rcedul 
■lari'’ sinuses, and also in that of the suprarenal vein. 
The histological evidence is «trongly in favour of 
the assumption that the secretion from tip cell« of 
the medulla passes directly into the blood.

Cybulski, Langlois and Biedl (1897) all state 
that there is a sufficient amount of the act.iv* prin
ciple of suprarenal extract in the blood of the supra
renal vein to produce a marked rise of blood-pre«surr 
on intravenous injection. Schafer (Text-book of 
Physiol. /



Physiol., 1898, Vol.i, p. 958) was unable to confirm 
this statement, and mentions that "it is difficult to 
understand how it can be true, since such blood was 
constantly flowing into the vena cava in larger Quan
tity than these observers injected." Dreyer (Arner. 
Journ. of Physiol., vol.ii, 18S9) inserted a canula 
into the suprarenal vein and collected tie blood be
fore and during stimulation of the splanchnic nerves.
He collected about 30 cc. of blood on each occasion 
and injected this intravenously, obtaining a marked 
rise in pressure with the blood collected during stin- 
-ulation of the nerve and no rise in blood-pressure in 
blood collected while the nerve is not being stimulated. 
This not only confirms Schafer's observation, but 
also proves that the secretion passes directly into 
th e blood (see al "O 1 at er).

How, I have shown that, not only does the internal 
secretion of the suprarenal glands maintain the normal 
tone of the vessels, but it apparently is the most im
portant factor of all in this respect, as if it be re
moved, e. g. by' extirpation, the animal immediately 
dies of cardic-vascular paralysis. The vessels ars 
also under the control of vasomotor nerves, and I 
have shown that both stellate ganglia, the semij-unsr 
ganglion and the inferior mesenteric ganglia may all 
be /



be removed in the same animal, and a cardio-vascular 
paralysis does not result. This la ln agreement with 
the statement of Langley ‘(Schafer'a Text-book of 
Physiol., p. 677) that "at present, the evidence leads 
us to conclude that the autonomic ganglia do not exer- 
-eise any considerable tonic action on unstriated 
muscle, but that it is possible they have a slight 
action". If the suprarenal glands be removed, the 
animal always dies within about 24 hours, those cases 
which survive a slightly longer space of time being 
sufficiently explained by the presence of accessory 
chromaffine ►■issue which is able to take the place of 
the medulla of the suprarenal glands for a short time 
before they also become exhausted. Adrenalin is 
therefore a more important factor in maintaining the 
normal tone of the cardlo-vascular mechanism than the 
sympathetic nervous system.

Got+lieb (Arch. f. experiment. Pathol, u. Pharma
col., 1897, Vol.38, and 18S9, Vol.43) showed that ad
renalin has a direct action upon the heart. The 
heart is, of course, affected secondarily in conse
quence of the great rise of pressure, but on perfusing 
the isolated mammalian heart with adrenalin the results 
are an immediate acceleration of the rate and a great 
increase in the strength of the beat, an action which 
according /



according to Meyer (Die experimentelle Pharmakologie, 

1910} is to be distinguished frctn that of camphor, 
since it is particularly prominent in the normal and 
actively beating heart. Schäfer (Text-book of Physiol. 
1898 } points out that the action upon the heart is, 
however, quite as marked as that upon tie arteries.
The strength and frequency of the auricular contrac
tions are markedly increased, and tho«e of the ven
tricle are correspondingly augmented. This will of 
itself be sufficient to cause an increase of blood- 
pressure quite apart from any primary effect upon the 
arteries, and we thus see that the action of adrenalin 
is primary, both upon the heart and upon the vessels, 
i.e., u;on the whole cardio-vascular system.

According to Gottlieb (loc. cit. ) the action upon 
the heart affects the terminations of the accelerator 
nerves, (i.e., it is similar t o that upon the vessels) 
and as these are most intimately related to the sino- 
aurieulsr and aurioulo-ventricular bundles, where it 
is gradually being recognised the impulse for the 
heart-best originates, it would appear that the irn- 
-pul°e is not to be considered as either of neurog' nie 
or myogenic origin, but i° rather, if I may use the 
term "chemical", the internal secretion of the 
rensls being responsible for the tone of the heart 
as /



es for that of the vessel«. These particular bundles, 
according to Mackenzie (The Heart, isOS ) represent 
the remains of the old primitive tube of which the 
auricles and ventricles are just to be considered as 
dilated chambers. There can be no doubt that the 
secretion of the suprarenal capsules is very intimate- 
-ly wrapped up with the heart beat, and that absence of 
suprarenal secretion is always followed by cardiac 
failure, while removal of both stellate ganglia in the 
cat has no such fatal result).

I have now shown that the tone of the whole
carclio-vascular system is intimately related to that'
of the internal secretion of the suprarenals, and that 
an increase of this secretion results in an immediate 
rise of b loo d-p res sure, with acceleration of the heart J 
and diminution of this secretion results in an immed- 
-iste fall of blood-pressure and slowing of the heart. 
Let us now study what effect +hlc has in disease. The 
reaction of the tissues to any acute infective disease 
is a rise in temperature and an acceleration of The 
pulse. In order that the cardio-vascular system be 
able to maintain this increased action, there must 
necessarily be an increased amount or secretion from 
the suprarenal glands passing into the circulation, ancj 
obviously /



obviously the condition necessary far the maintenance 
of this increased strain upon the circulation is that 
the supply of adrenalin should not give out. if the 
strain upon the gland be too great, and the gland become 
exhausted, the only result possible is a,gradual fall 
of blood-pressure with cardiac failure, ending in death 
from cardio-vascuiar paralysis.

What evidence have we in support of the above 
theory ? And by what mechanism is this exhaustion 
carried out ?

Firstly, in an acute infective condition with 
acceleration of the pulse, etc., the blood-flow through 
the suprarenal glands will also be more rapid the n 
usual, and as the rate of flow is quickened and the 
secretion passe** into the blood, more of the secretion 
will obviously pass into the circulation. This is 
what does probably occur in the very early stages of 
the disease, because if an animal which has received 
a dose of diphtheria toxin be killed, +he suprarenal 
glands will be found to show no change, although the 
heart be distinctly accelerated. But mere accelera
tion of the blood flow from the suprarenal gland is 
not sufficient to account for the whole of the changes ; 
described /



described above, because if the infective condition be 
a very acute one, as from a very large dose of diph
theria toxin or from ricin poisoning, then we have the 
suprarenal gland in a. state of most extraordinary con
gestion. This congestion is not produced during the
act cf dying, because if an animal receive a dose of 
diphtheria toxin which would prove fatal in 36 hours, 
be killed from PO to 24 hours and then examined, this 
congestion is still found to be present. Extreme con- 
-■gesticn of the suprarenal glands, however, is a con
stant factor whenever any sudden and severe strain be 
placed upon the gland. ©bvious]y, when a gland is so 
extremely congested as this, the blood flow through it 
must be considerably obstructed; and this diminution 
in the rate of the blood flow through the gland must 
necessarily involve the absorption of only a small 
quantity of adrenalin into the circulation. Therefore 
if the suprarenal gland become so extremely congested 
in such, an acute condition, the cardio-vascuiar cor.di- 
-tion will resemble that of complete exhaustion ol the 
gland, because in both these conditions there will be 
an absence of absorption of adrenalin into the circular 
tion. I have already shown that absorption of ad- 
-renalin in very small quantities acts upon the vaso- 
- dilator myo-neural .junctions instead of the vaso-eon- 
-strictor endings, and thus produces a further falx
of /



of blood-pressure. 7e pee, therefore, that the mere 
see el ere tier of the flow of blood through the gland 
and the consequent increase in the amount of adrenalin 
peeping into the circulation ip not a sufficient ex
planation of the very marked reaction, on the part of 
the gland to an acute infection.

I have shown that the action of a toxin upon the 
glandular tissue itself is apparently negative. It 
is not possible to obtain either an increase or a 
diminution in the amount of active principle in the 
gland from the direct action of the toxin. Any 
changes which 'take place in the gland as the result of 
a toxin in the circulation must therefore be of an 
indirect nature. An indirect action of this kind 
can only be produced by one means. I have shown that 
the mere flow of blood through the gland is not suf
ficient. The only other way in which it can be pro
duced is by means of the nerves of the suprarenal 
glands. Now I have shown that on stimulation of
either the nerves of the suprarenal gland or the 
splanchnic ner*re itself, it is possible to obtain a 
great increase in the amount of secretion coming from
the gland, and at the same time a vaso-dilatation of
the vessels in . the gland is brought about. So far as I am aware,
the fact that stimulation of these nerve® produces s.
vaso-dilatation in the gland has not before been
recorded /



recorded. From the work of Eos© Bradford (Journ. of 
Physiol., Voi.xi, 1889) we know that stimulation of th 
splanchnic nerve causes a vaso-oon.st.riotion of the ves 
seis of the intestine and kidney, and it is important 
to note that the action of the suprarenal gland to 
this nervous stimulation is of the nature of a vaso
dilatation, the explanation of this phenomenon being, 
as I have already pointed out, that the functional 
activity of the suprarenal vessels is of a vaso-dilato 
nature. This condition may be compared to the re
action of the coronary vessels to adrenalin, if the 
observations that these coronary vessels undergo di- 
-latation be correct.

If we make an extract of suprarenal gland in an 
animal which has died, from acute poisoning by ricin, 
i.e., in PA hours, the congestion of the gland is so 
remarkable that it is sometimes at first quite easy 
to mistake the suprarenal glands for the kidney. If 
the extract be Injected into a cat and compared with 
the normal, the resultant rise of blood-pressure is 
far greater than the normal, showing that the eupra- 
-renal glands really contain a very large excessive 
quantity of adrenalin. Obviously the secre+ing cells 
have been stimulated and the amount of adrenalin has 
become increased, but owing to the great congestion 
of the gland it is not possible for the adrenalin to

be /



be absorbed into the circulation, and. therefore, al-
- though the ¿'lands contain an excessive quantity of ad-
-renalin, the circulation does not receive any of this

. andowing to the congestion,^behaves in a manner similar 
to that of complete suprarenal exhaustion, and death 
is the result. The reaction of the suprarenal glands I 
to an acute process is thus excessive stimulation of 
the secre+ing cells, accompanied by vascular dilata
tion. In connection with diphtheria poisoning, I 
have already shown that this congestion of the gland 
occurs only in very acute cases. If the condition 
be les« acute, e.g., if the animal dies in four to 
five days, the congestion of the gland is not nearly 
so marked. In acute diphtheria poisoning in guinea- 
pigs and rabbits, I have never succeeded in producing i 
such an intense rise in blood-pressure as that which 
occurs In ricin and cantharides poisoning. These ir- 
-ritents obviously produce a reaction much more intense 
than that which takes place in diphtheritic and 
pneumococcal toxaemias, the reaction in the latter con
dition being even less acute and the congestion less 
marked than in diphtheritic toxaemia.

We therefore reach the conclusion that in acute 
processes the gland becomes immediately extremely 
congested, presumably from s +.imulation oi the vaso
dilator fibres. The secreting cells also become
s imultan eously j



simultaneously excited and the amount of adrenalin is 
consequently increased. The congestion, however, pre
vents its being absorbed, and thus, whether the process 
be acute or more chronic, the result upon the circula
tion is. absence of adrenalin and consequent death.

Dreyer (Amer. Journ. of Physiol., vol.ii, 189S) 
tied the suprarenal vein and inserted a canula twelve 
centimetres long into it, close to the gland. The 
outer end of the canula was allowed to remain open and 
the blood dropped from it directly into the collecting 
vessel. About 30 cc. of blood was thus collected 
before and during stimulation of the splanchnic nerve. 
Ee then injected this into a dog, and it was found 
that a marked rise of blood-pressure occurred with 
blood collected during stimulation of the splanchnic 
nerves, but not with blood collected while these 
nerves were not being excited. He concluded that 
this was due to an over-production of adrenalin in the 
gland as a result of direct stimulation of its secret
ing fibres and was independent of vascular blood 
changes simultaneously provoked.

I new wish to discuss by what mechanism this ex
cessive production of adrenalin in the gland takes 
place. I have shown that we can only account for it 
by /



by direct stimulation of the secretory fibres in the 
nerves of the suprarenal«. The blood vessels, on the 
other hand, also receive nerves, and what I now wish 
tc discuss is whether there is not some possible re
flex passing from the nerves which accompany the -ar
teries to the nerves of the suprarenal capsules; i.e 
if there is not some reflex mechanism controlling thos 
two organs.

The "sympathetic” nervous system consists of two 
groups of fibres, pre-ganglionic and post— ganglionic. 
According to Langley, reflexes occurring in the sym
pathetic system are limited to the post-ganglionic 
fibre. It is not possible for a reflex to pass from 
a post-ganglionic fibre through a pre-ganglionic 
fibre, but a. stimulus' produced at any part of a post
ganglionic fibre may be carried to all the other ter
minations of this fibre. If this view of Langley's 
be correct, then we cannot have a reflex passing 
through the vessels along the vaso-eonstrictor fibres 
into the cord. Such a reflex would necessarilj'- be 
stopped at the sympathetic ganglion cell.

This mechanism is shown in the following dia
gram
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In the shove Figure, ah impulse- arising at the 
point "a", a pre-ganglionie fibre - will spread to 
both branches of the post-ganglionic fibres "b” and 
"e», but an impulse set up in "c" cannot be transmitted 
to "b% since it will not pas® from one post-ganglionic 
fibre to another post-ganglionic fibre if it be nec- 
-essary to traverse a. pre-ganglionic fibre intermed- 
l-iately, but an impulse set up at any part of "c” will 
spread to every branch of this particular fibre.

The vaso-diiator fibres to the arteries, however, 
if we regard them as identical with the posterior root
sensory fibres, might possibly conduct an impulse from■
the arteries into the cord and there stimulate re- 
fiexly the secretory fibres, and thus produce a true 
reflex. We have no evidence in support of this, how
ever, and the fact that "action of the posterior root 
fibres does not interfere in any way with those phen
omena is distinctly against the view that those fibres 
have any function of producing a reflex mechanism con- 
i-trolling the condition of the arteries and suprarenal 
gland. We mast therefore look for this mechanism in 
connection with the vase—constrictor fibres.

According to Langley, the pre-ganglionic fibres 
possess no special function. The effect which is pro- 
-dueed by stimulating the pre-ganglionic fibre depends 
upon the particular post-ganglionic fibre around which 
it /



it happen? to tenrd.na.te. It has long been known that 
pre-ganglionic fibres, after section, readily reform 
connections with sympathetic nerve cells, and accord— 
-ing to Langley, these fibres may, tinder certain cir- 
-oumstances form connections with sympathetic nerve 
cells of' a different function from tho°e with which it 
had been previously united. Langley divided the 
vagus and cervical sympathetic nerves and sutured 
their cut ends together. He found after a month that 
on stimulating the vagus nerve, he obtained dilatation 
of the pupil and contraction of the vessels of the 
ear, effects which are produced by stimulation of the 
cervical sympathetic itself. If we remember that the 
vagus nerve is to be considered, as part of the cranial

p i } t  O  £ ) t , ] n p  » c?V rr' » 9  e? i n 9  T*+; q -P  +,}'>?* ‘i O T > o  n l^sympathetic, we have here a union of two antagonistic 
functions, and the possibility that a nerve such as 
the vagus, by union with another nerve of an entirely 
different function, should take the normal function of 
that nerve seems to point to the fact that some the 
fibres of the vagus must undergo a complete change of 
function. This experiment points to the conclusion 
that any pre-ganglionic fibre in the body is capable 
of forming a functional connection with any nerve cell 
of the sympathetic type, wherever found. Langley
also joined the central end of the lingual nerve with 
the peripheral end of the cervical sympathetic. The 
lingual nerve contains vaso-dilator fibres; the 
cervical /



cervical sympathetic contain0 vaso—constrictor fibres.
After union had taken place, it was found that stinula
tion of the lingual nerve, instead of producing vaso-■
'dilatation, now produced constriction of the arteries 
of the ear, apparently a complete change of function 
from vaso-dilatstion to vaso-constriction having 
taken place.

In regard to the -post,-ganglionic fibres, we know 
that these fibre0 run to different tissues; some run 
to unstriated muscle, some to secondarily secreting 
cell0, etc. Is each particular function served by a 
particular group of nerve cells ? Or can one post
ganglionic fibre stimulate secreting tissue at one 
time and unstriated muscle at another ? This may be 
investigated by dividing post-ganglionic fibres and 
ascertaining whether after regeneration their function 
has become altered; i.e., when the fibres re—grow 
will they end in connection with the tissue with 
which they were previously connected? Langley di- 
• vided the anterior branches of the right superior 
cervical ganglion in a cat. After nineteen weeks 
he stimulated the upper thoracic nerve roots on both 
sides. On the left side the usual effects were ob— 
-tained, but on the right side, the first six thoracic 
nerves, instead of the first three only, caused 
dilatation /



dilatation of the pupil. A psrt of the region of the 
face in which the hairs are normally strongly erected 
by stimulation of the fifth and sixth thoracic nerves 
| was barely affected by stimulation of any nerve. He 
j explains this as follows : In the process of re-
-growth, some of the fibres which normally run to the 
hairs of the face had been carried out of the way, and 
had formed new nerve endings in the pupil. It thsre- 
-fore follows that a nerve cell does not necessarily 
send its axis-cylinder process to a particular hind of 
peripheral tissue, and this suggests that there is no 
specific difference between the different classes of 
post-ganglionic fibres, and that the function with 
i which each particular fibre is associated, is, in a way 
accidental, depending upon the hind of peripheral tis- 
-sue with which it first comes into contact.

Langley has shown that every reflex confined to 
the sympathetic system is an axonal reflex, i.e., it 
is limited entirely to the axon ; it does not pa«e 
through the sympathetic nerve cell. He found that 
if the nervous connections of the inferior mesenteric 
ganglion in the cat be severed, with the exception of 
the hypogastric nerves, and if then one hypogastric 
nerve be cut and its central end stimulated, contrac
tion of the bladder on the opposite side is produced, 
together /



together with pallor of the mucous membrane of the 
end of the rectum, with slight pallor of the uterus 
on the opposite side, and occasional slight pallor 
and contraction of the external generative organs 
of the opposite side. A small dose of nicotine 
prevents the occurrence of this reflex, proofing that 
the reflex must pass through sympathetic nerve cells. 
Degenerative section of the inferior splanchnic nerve 
i.e. of the nerve fibres passing from the spinal cord 
to the inferior mesenteric ganglion, also prevents 
this reflex.

An examination of the above figure will help to ex- 
-plain the condition. The inferior splanchnic nerve 
sends some branches to form synapses with the cells ir. 
the inferior mesenteric ganglion, and some branches 
pass through the ganglion and terminate round nerve 
cells nearer the bladder. If we divide the hypogastric 
nerire at "A", and stimulate the peripheral cut end, 
then contraction of the bladder on the same side takes 
place; but if we stimulate the central cut end, 
contraction of the bladder on the opposite side occurs 
This latter stimulus, according to Langley, cannot pas 
through /



through a sympathetic nerve cell in a central direction, 
and, as nicotine prevents the reflex from talcing place, 
the stimulus obviously must pass through s nerve cell 
in a peripheral direction. We must, therefore, be 
stimulating a pre-ganglionic fibre which has passed 
through the inferior mesenteric ganglion without 
forming a synapse there. The impulse has spread over 
ail the branches of this fibre, and stimulated all 
postganglionic fibres with which it may have forms! 
synapses, and thus there results a contraction of the 
opposite side of the bladder. Such a reflex is a 
typical "axon reflex'1 of Langley.

Langley has also pointed out that many other 
instances of such ’axon reflexes' may be demonstrated 
experimentally, piio-motor, vaso-oonstriotor etc, but

.
these need not be refe rrsd to here.

All reflexes in the syrnpat he tie nervous system 
are, according to Langley (Brain, 1903, p. I) of the 
nature of axon reflexes. Probably all the sympathetic 
nerve fibres divide into two or more nerve fibres , 
each of which in turn branches repeatedly. A nervous 
impulse set up in any one branch may pass to all the 
other branches of the fibre, but cannot pss® through ? 
sympathetic nerve cell in a central direction.
Obviously, therefore, these cells cannot be sensory 
nerve ceils in the ordinary meaning of the word, as 
they cannot conduct impulses eentralwards.



Axon reflexes may be preganglionic or postganglionic. 
Langley, himself expresses some doubt whether these 
axon reflexes occur normally, but considers that 
a postganglionic axon reflex may be caused by any 
»strong local contraction or irritation”; and that, 
"although it is impossible at present to say how far 
they are of importance in the normal working of the 
body, it cannot be doubted that in pathological 
conditions they come into play”.

Ariens Kapper* (jour. of Physiol. 1908, vol.
XXXVII, p. 139) advances the following arguments to 
prove that the axon reflex "does not only occur under 
normal circumstances, but is even the prevailing 
form in the sympathetic system”.

Rapper* points out that the motor nuclei in 
the medulla migrate from the positions which they 
originally occupied in the lower animals to other 
places, and "their way of migration is determined by 
the direction whence the maximum of stimuli reaches 
the cells». For instance, the eye muscle nuclei, 
originally situated near the base of the mid-brain, 
shift dorsally towards the dorsal longitudinal 
bundles "from which the greatest influence on their 
action proceeds”. And the facial nucleus, which in 
the lower vertebrates lies near the floor of the 
fourth ventricle, moves in a ventral direction, 
"chiefly unde'" the influence of the oortico—bulbar 
tracts, as i.s proved by the fact that in all sub
mammalia /



submammalia where no pyramidal tract is present, they 
are still found at a higher level, whereas in mammals 
they are located near or in the ventral tegmentum, 
still indicating by the course of their knee-bent 
root-fibre* their way of migration. Even there, if 
for some reason or other, the pyramidal tracts are no 
developed, the facial nucleus keeps a more dorsal 
place”.

In short, during the evolution of the central 
nervous system, the motor cells migrate in the 
direction whence they get the greatest quantity of 
stimuli.

Let us now consider the structure of the 
autonomic system from this point of view. The axis 
cylinders terminate in glandular and muscular tissue, 
and thus we have a migration of motor c e l l s ,  not 
accompanied by a  migration of sensory c e l l s .  From the 
phylogenetic studies of the cranial nerves, we know tl 
the motor cells migrate in the direction of the most
frequent and most important stimuli, i.e. the afferent 
way between the principal stimulating centre and the 
motor ganglion cell is shortened. This results in a 
shortening of the dendrites of the motor cells along 
which the impulses have to travel, the efferent way of 
the cells, the axone, being elongated in consequence 
In /



the sympathetic system, this condition also occurs, 
and we find that the distance between the motor cells 
and the centres of stimulation (viscera) is shortened 
by a diminution in the length of the motor axones 
themselves, as, where there is only one very long 
axone in the central nervous connections, there are 
two (or perhaps three) neurones in the similar syra- 
-pathetic connection. "Now it is not credible that in 
the central nervous system the migration should take 
place in the direction of the most frequent stimuli, 
and in the sympathetic system it should take place in 
the opposite direction to the most -frequent stimuli, 
we have to conclude from the structure of the sym- 
-pathetic system that the most frequent stimulation 
of the motor sympathetic cells do not occur along the 
spinal cord, but along the axis cylinders themselves, 
i.e. that the axon-reflex of Langley, is under 
normal conditions the prevailing reflex form in the 
sympathetic system and even has been the moving agent 
for the peculiar structure of this system.”

It is usually considered that for reflex 
action the union of a sensory and a motor stimulus 
is necessary, but an axon reflex is a striking 
exception to this rule, as it is limited to the motor 
fibre only*

In the present state of our knowledge of the 
sympathetic nervous system, we are justified in 
drawing /



(î). Reflex action in the sympathetic nervous 
system, is limited to the axon reflex.

(2). It does not appear to be possible for a
/

nerve impulse to pass centralwards from a post
ganglionic to a preganglionic fibre.

(3). The axones of both the preganglionic and 
the postganglionic fibres appear to bifurcate and 
divide into a great many nerve fibres at a very 
short distance from the cells they arise from.

(4). A stimulus arising in any branch of a 
post-gangli cnic fibre ̂ may spread to every branch of 
that fibr«, either centrally or peripherally, but
cannot pass backwards to a pre-ganglionic fibre.

(5). A stimulus arising in any branch of a 
pre-ganglionic fibre may spread to every other 
branch of this fibre, and can pass peripheralwards 
to any post-ganglionic fibre with which it forms 
synapses.

(6). Any pre-ganglionic fibre appears to be 
able to form connections with any post-ganglionic 
fibre, irrespective of its particular function.

(’7). The effect produced upon stimulation of 
a pre-ganglionic fibre appears to depend simply upon 
the nature of the postganglionic fibre with which it 
has happened to form connections.

(8). Post-ganglionic fibres do not appear to
possess specific functions. The results of stimul—
-ation depend entirely on the nature of the tissue 
in /

the following conclusions;-



in which it happens to terminate.
(9). A post-ganglionic fibre, after section may 

produce an entirely different result on. stimulation 
from that which was produced before section.
The regeneration of post-ganglionic fibres is thus 
not specific.

. (10). The whole structure of the sympathetic 
nervous system points to the fact that the axon 
reflex is the prevailing form of reflex, and is 
active under normal conditions.

Having briefly summarised our Knowledge in regard 
to the above problems, I now propose to apply these 
facts to the present investigation.

That the axons of the postganglionic fibres 
repeatedly divide in to a large number of branches 
is Known, and we also Know that these branches are 
not specific for any one particular function.
There is thus no reason why all these separate 
branches should supply the same Kind of tissue, 
and, in fact, it is highly probable that one 
branch of a post-ganglionic fibre may terminate 
in secretory tissue, and another branch of the 
same post-ganglionic fibre may terminate in plain 
muscular /



tissue. If this he so, then we may have an axon refie
nfrom the one braph of the fibre to the other; 

i.e. an impulse starting from the plain muscular 
fibre may pass up this branch and down the branch 
passing to the secretory tissue, which will in 
consequence be stimulated.

If one branch, thus, ended in the unstriated 
muscle of the vessel wall, and the other branch in 
the secretory cells of the medulla of the suprarerlal
glands, an axon reflex would be possible arising 

from the vessel wall, and passing to the medulla.
Any change in the state of the vessel wall, especially 
of the nature of s. vaso-dilator nature, might 
produce the necessary stimulus to originate this 
reflex, and the result would be to stimulate the 
suprarenal gland to an increased activity. If 
this idea be firmly grasped, it will be seen that w 
have here a beautiful and most delicate mechanism 
for maintaining the normal tone of the circulation.
I have shown that the maintenance of this 'tone' 
depends upon the secretion of the suprarenal glands 
a secretion which is continually passing into the 
blood in definite quantities at a definite rate,
If the cardio-vasoular apparatus be subjected to 
any increased action, it will require a slightly 
increased quantity of adrenalin, which will be 
pr duced /



by the increased stimulation of the gland in consequence 
of this axon reflex, which I have described above.
This slight increased quantity of adrenalin will 
then be sufficient for the maintenance of the increased 
tone of the cardio-vascular apparatus, and a state 
of equilibrium will again be reached. The whole
question as to whether the suprarenal gland will be

the ultimateable to meet this strain will decideAcondition of 
the cardio-vascular apparatus. If the strain be very 
severe, the demand upon the gland may be greater than 
it is able to supply, and symptoms of cardio-vascular 
weakness will gradually develop. This will undergo 
a progressive increase, the circulation becoming 
more and more depressed, and if complete exhaustion of 
the suprarenal glands result, the cardio-vascnlar 
paralysis will terminate in acute heart failure.

(The intense vascular dilatation of the vessels 
of the suprarenal gland which accompanies the more 
acute type0 of infection cannot be attributed to an 
axon reflex, as the vaso—dilator fibres are quite 
separate from the other sympathetic fibres, and 
are related, in some way to the sensory part of the 
central nervous cystem. This intense engorgement 
of the vessels of the suprarenal gland occurring in 
the more acute types if infection, is probably not 
nervous in origin, and is more probably due to the 
action



action of the excess of adrenalin in the gland, the 
excessive formation of adrenalin by the suprarenal 
gland stimulating the vaso-dilator myo-neural junctions 
of the suprarenal vessels. It has been conclusively 
shown in the earlier part, of this paper that adrenalin 
is capable of stimulating the vaso-dilator fibres, and 
from the fact that stimulation of the nerves to the 
suprarenal glands cause® vaso-dilatation in the gland 
we may conclude that the normal functional action in 
this case is a dilatation; although stimulation of the 
splanchnic nerve itself causes a constriction of the 
mesenteric vessels, those of the suprarenal gland 
undergo dilatation. It is much more probable that 
this intense vascular dilatation is, therefore, simply 
due to the action of the adrenalin itself, as an ex- 
■cessive formation of adrenalin in the gland in res- 
• ponse to a stimulation would, by producing a slid., t 
extra dilatation of the vessels, hasten its absorp
tion. Probably we have here also another instance of 
a balanced action).

What evidence have we that in diphtheritic 
toxaemia and other such conditions, there is actuallya /



a decrease in the blood-pressure, i.e., a gradual 
cardio-vascular paralysis, previous to death ? This 
subject was studied by Meyer of Berlin (Arch. f. 
experiment. Physiol. Pathol, u. Pharmakoi., Vol.60, 
1909, p. 208), who injected rabbits with diphtheria 
toxin. He then under urethan narcosis placed a canula 
in the carotid artery and connected it with a record
ing apparatus, using half saturated sodium sulphate 
solution. The utmost care was taken that none of 
the solution passed, backwards into the artery, as 
1-2 cc. is sufficient to cause death. He found that 
he could measure the blood-p res sure by this means in 
a rabbit in from 5 to 10 minutes. Immediately after 
the measurement was made, the animal was allowed to 
recover. It usually did so very quickly, and ex- 
■hibited no ill—effects of any kind. The experiment 
was repeated next das/. Meyer carried out this experi
ment in several animals, and obtained the following 
results : On the first day after tip injection, the
blood—pressure measured 98 mm.; on the following day 
it had fallen to 80 mm., and on the third day it had 
reached 55mm. The animal died the following day.
This showed that there was a gradual fall in blood- 
pressure previous tc death in diphtheritic toxaemia.
His observations as to the condition of the animal 
before death are in complete agreement with •-hose 
whi ch /



which had already beer described by Stanley and Bolton! 
in man (pee above).

If this gradual fall in blood-pre^ure and eardio - 
vascular paralysis be due «imply to absence of adren
alin in the circulation, we would apparently be 
justified in concluding that the addition of adrenalin 
to the blood would rest ore its pressure. Mayer (Arch,
f. experiment. Physiol. Pathol, u. Pharmahol., vol.65) 
has pointed out that an infusion of adrenalin restores 
the cardio-vascular phenomena in diphtheria poisoning 
in animals with extraordinary rapidity, but that the 
effect is of very short duration. Haidenheim (IS08, 
in the Physiological Library) found also that an in- 
-fusion of adrenalin in normal saline in peritonitis 
increased the blood-pressure from 30 to 40, up to 
100 to ISO, but the effect here also was a very tran
sient one.

I have attempted these experiments myself in con
nection with guineapigs, and found that in those 
animals in which the minimal lethal dose of diphtneria 
toxin was fatal in four days, I could keep them alive 
for from five to five and a half days by injections 
of adrenalin. After this period, however, the animals 
usually died in spite of the additional adrenalin.
This is indeed what we should expect to happen. 'he 
tone /



tone of the circulation is maintained by the constavt 
absorption of adrenalin. The moment this absoprtion 
is diminished, the tone falls; the moment adrenalin 
is absorbed, it rises. The therapeutic problem there
fore is how to produce a continuous supply of adren
alin. Experimentally we cannot do this, «0 that al
though we may improve the condition temporarily by 
supplying adrenalin, the necessary condition - the 
continuous absorption - cannot be obtained, and the 
improvement roust necessarily be merely a temporary one.

SUMMAPY

(1 ) Adrenalin acts both upon the vaso-constrictor 
and the vsso-dii at or myo—neural junctions, the parti
cular reaction depending in each case upon the func— 
-tional state of activity towards sympathetic stimula

tion.

(2) Very small doses stimulate the vaso-dilator 

fibres.

( 3) The normal tone of the circulation is directly 

dependent /



dependent upon the continuous outflow of adrenalin 
into the blood, a diminution or increase in the quan- 
■tity immediately producing a corresponding fall or 
rise in the b loo d-p res sure.

(4 ) Removal o f the sympathetic ganglia themselves 
does not alter this tone, whilst removal of the supra
renal glands causes death. We must therefore regard 
the circulation as being controlled directly by the 
suprarenal glands, {although it is influenced through 
the sympathetic nerves^)

(5) The suprarenal glands may undergo complete ex- 
-haustion by stimulation of their nerves.

(6) Exhaustion of the suprarenal glands is accompanied 
by dilatation of the vessels.

( 7 ) Acute infective processes throw an added strain 
upon the suprarenal glands, as an increased quantity 
of adrenalin is required to maintain the increase of 
tone.

(8 ) Thi s is arranged for by a. post—ganglionic axon 
reflex.

(9) if the gland is able to maintain a sufficient 

supply /



supply of adrenalin to meet this increased demand, 
the. normal state of equilibrium will again be reached; 
if, however, the strain be too great, the glands 
will not be able to supply sufficient adrenalin to 
meet the demand and a cardio-vascular paralysis will 
resu.lt, which, if the suprarenaln glands become 
completely exhausted, will terminate in death.

(10). In very acute conditions, the extreme 
vascular dilatation and congestion of the supra- 
—renal glands preven+ the absorption of adrenalin 
into the circulation, and the same result as 
complete absence of adrenalin in the glands is 
produced; namely absence of adrenalin in the 
circulation; the final result in both cases is 
death from heart failure in, consequence of the 
absence of adrenalin in the circulation, a condition 
which may be compared to an "acute Addison's 
disease._______________________
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ADDISON’S DISEASE

Addison1 s disease is the only derangement of internal 
secretion about which we can claim any exact Knowledge 
We know that exophthalmic goitre and myxoedema are 
intimately related to disturbances of the internal se
cretion of the thyroid gland, but in what manner excels 
or diminution of thi® secretion should lead to the 
series of symptoms to which the above names are applied 
is still a matter of uncertainty and dispute. In the 
condition known, as "Addison's disease", it has been 
proved that the essential lesion is situated in the 
suprarenal capsules, and it is at present universally 
accepted that the train of symptoms characteristic of 
this disease is the result of the alteration in the 
function produced by such lesions. Our knowledge of 
the physiological action of the suprarenal glands is 
in a far more satisfactory state than that of any 
other internal secreting gland, since extracts pre- 
-pared from these glands,on intravenous injection into 
animals, produce such marked results upon the cardio
vascular apparatus that we are directly enabled to in
vestigate their function with a facility afforded by 
no other gland, with the possible exception of the 

pituitary /



pituitary. And the results gained by this method not 
only enable us to determine the normal function of the 
suprarenal glands (as I have already described in de- 
-ta.il in an earlier part of this paper), but also to 
detect alterations in functional activity in disease, 
since the cardio-voscuLar effects of the extract' upon 
intravenous injection are absent under such conditions 
The most common lesion in man is a fibro-caseous con
dition of bo+h suprarenal glands. Oliver and Schafer 
(journ. of Physiol., 1394) proved that the blood- 
pressure raising effect of extracts of the suprarenal 
gland0 in absent in Addison’s disease, and the clini
cal symptom® of Addison's disease are also exactly 
what an absence of the internal secretion of the supra
renal glands would produce, namely, low blood—pressure 
tendency to syncopal attacks, and muscular and cardio
vascular asthenia with extreme prostration. (The 
cause of the pigmentation of the skin and mucous mem
branes still requires further investigation).

But there are many points, about Addison's disease 
which are not yet at all clearly understood, and which 
tend to throw some doubt upon the question whether 
the clinical s y m p t o m s  to which the term "Addison s  

disease" is applied result ®oleiy and primarily frum 
the lesion of the suprarenal glands. These may be 
grouped together under the following headings

(1) /



(1 ) Cases have been described (see later) in 
which the suprarenal glands were found at the autopsy 
to show marked pathological changes, hut in which no 
symptoms of Addison's disease had been noticed during 
life ;

(£) There are a number of authenticated cases on 
record (Simmonds in 1903 recorded "sveral typical 
cases) in which the clinical symptoms were absolutely 
typical o f  Addison's disease, but on. post-mortem exam
ination of the suprarenal glands no fibro-caseous con
dition was found,nor indeed any other pathological 
appearances sufficiently extensive to account for the 
clinical symptoms.

In order do explain these two sets of conditions 
many writers have removed the primary lesion from the 
suprarenal glands to the adjoining sympathetic ganglia 
(the send lunar ganglion) and other sympathetic plexusej? 
in the immediate neighbourhood. Greenhow, van Kahl- 
den, fleiner, etc., have particularly supported this 
view and have described nervous degenerative changes 
in the nerve cells in the semilunar ganglia, such as 
chromatolysis, atrophy, "pigmentary degeneration", 
fibro®i®, small-celled infiltration, and other e^i- 
-dence® of an inflammatory process. on the other hand 
various /



various other observers (Alexais and Arnaud (* ), 
Robinson I ”  ) )  have examined the semilunar ganglia in 
numerous oases of Addison's disease ; e.g., Alexais
and Arnaud made a most careful investigation of the 
sympathetic in forty-nine caso® of Addison's disease 
and found that degenerative changes in the solar 
plexus were only occasionally present, and then to 
such a slight extent that they considered them as bein. 
purely secondary to a primary lesion in the suprarenal 
glands.

The significance of the changes in the nerve cell 
in the sympathetic ganglia in Addison's disease is 
still a matter of dispute. According to Byrom Bram- 
well, these changes are not without importance, as he 
considers that the clinical symptoms of Addison's 
disease are partly due to the lesion in the suprarenal 
gland.®, and partly to the changes in the semilunar 
ganglia.

There is another point to which I specially wish 
t0 refer : that is the effect of extract of the 
suprarenal gland® in the treatment of Addison's dis
ease. This question is also in a very unsatisfactory 
condition. Rome authors have described marked in—

r 'tf v
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and one or two other observers have even considered
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their C8°es to be cured by it. Others have found the 
dried gland given by the mouth to be of no value 
(Batty shaw (* * )), and some have even found that it 
actually did harm (Adams (* )).

In the following pages I propose to review the 
whole subject of Addison's disease and to point out 
how the work which I have described in an earlier part 
of this paper affords a complete explanation of many 
of the facts in regard to the pathology of this dis- 
-ease which are at present somewhat obscure and a matter^ 
of discussion. As far as I am aware, no one has at- 
-tempted to collect the literature on this subject. It 
is very vast. I have attempted to do so in the foli- 
-lowing page®, but am only too conscious of the large 
number of omissions. I venture to state, however, 
that the following list may be regarded as a repre
sentative series.

Thi° disease was first discovered by Dr Thomas 
Addison, Physician to Guy's Hospital, while he was 
trying to find out the cause of pernicious anaemia. He 
gave an account of his work in 1894 in a communication 
to the South London Medical Society, in which he assoc- 
-iated the series of symptoms which now bear his name 
with a diseased condition of the suprarenal glands.
He /
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He published hie results in the London Medical Gazette 
of that year, but hi®- observations met with very litti 
notice, and even when, fix year® later, he published 
hie now famous monograph upon ’’the cone+-itu+ iona.1 and 
local effect® of disease of the suprarenal capsules",
in 1855, it failed to obtain the notice it deserved,

/as is very clearly shown by the rreraarke/in the preface 
to the reprint of this paper in Addison's collected 
writings, published by the New Sydenham Society in 
1868, eight years after his death, in which it is 
stated that "even now it (Addison's disease) does not 
find a place in the nosology of some writers",

The general acceptance of Addison's remarkable 
observations was due mostly to the unselfish efforts 
of Sir Samuel 'Vilies, who collected and described a 
large number of further case® of this condition in 
Guy's Hospital Reports in 1862 and 1865.

Trousseau in 1878, in the New Sydenham Society's 

publications, first named this disease "Addison's 
disease". Greenhow. three years later, in the 
CroopLan Lectures before the College of Physicians in 
1875 collected a large number of case® and made a very 
complete review of the subject, to which little was 
added tor the next fifteen years, when our knowledge 
of the internal secretion of the suprarenal glands 
and /



(and itf absence in Addison1« disease) was 'Disced upon a\ /

accurate scientific foundation by the worh o-s Schafer 
and Oliver and. their successors.

Addison, in hi® original Memoir» described eleven 
cares of this dises.se, in five of which there were 
oaseoue tubercul ar 1 e«ione in both suprarens 1 gla nds, 
while in one this condition was limited to one gland 
alone. in three cases there were secondary carcino— 

-rcatous growths in the suprarenal glands, bilateral in 
one, unilateral in the other two. In one case there 
was merely an atrophy of both glands with fibrosis, 
and in the eleventh case there was found a secondary 
cereiromato u s nodule blocking the right suprarenal 
vein, with haemorrhage in the corresponding gland ; 
but there were actually no growths in either gland. 
These cases are interesting on account of the relative 
-ly small proportion of tubercular le°ione of the 
glands, and T have summarised them accordingly :

5 cases
1 case 
1 case 
P. cases 
1 case 
1 case

rube rcul a r le« ions - j bilateral 
» " [unilateral

Carcinoma - j bilateral 
» [unilateral

Atrophy and fibrosis 
Thrombosis of right suprarenal vein

Addison /



Addison him self considered that all legions of th 
suprarenal gland« would produce the same result, since 
the result depends, not upon the nature of the lesion, 
but upon the interruption of some particular function 
which the suprarenal glands carry out in health. Later 
however, Addison was inclined to modify his views in 
regard to the nature of the different hinds of lesion 
which might produce the series of symptoms eharaeter- 
-istic of this disease, and he appears to have wished 
to remove his eases of carcinoma of the suprarenal 
glands from the above list.. He also modified his 
view« in regard to the manner in which the above 
le«ions of the «uprsrenal glands might produce these 
symptoms, and considered that they were due, not so 
much to an alteration in the function of the «upra- 
-renal glands as +o an involvement of the semilunar 
ganglion and other sympathetic ganglia in the immed
iate neighbourhood of the suprarenal gif; nds. Sir 
Samuel 'filies states that Addison, in a discussion at 
the Poyal Medical and Surgical Society, expressed 
himself as follows : "We know that these organs (the
suprarenal glands) are situated in the direct vicinity 
and in contact with the solar plexus and semilunar 
ganglia, and who can tell what influence the contact 
of these diseased organs might have on the general 
health /



health and in the production of the symptoms present- 
-ed ?"

Sir Samuel Wilks res the next worker in this 
field. He paid particular attention to the morbid 
anatomy of the disease, and came strongly to the 
opinion that all genuine cases of Addison'« disease 
are due to one, and only one lesion of the suprarenal 
glands. According to Sir Samuel Wilks thi« lesion 
consists in a primary inflammatory process, comparable 
to hepatic cirrhosis, and he considered that the 
atrophied, cirrhotic condition of the suprarenal glands 
was the last stage of this fibro-caseous change. This 
lesion is obviously what is now termed "tuberculous".

Greenhow (Path. Trans., ^01.53, p. 67) was the 
next worker in this field. He strongly supported 
the above doctrine of Wilks in regard to the symptoms 
of true Addison's disease being due to only one kind 
of lesion, and. considered that all other cases in 
which the symptoms of Addi son' s disease had been as
sociated with o+her lesions of the suprarenal bodies 
apart from this fibro-caseou« change were either not 
true cases of Addison's disease, or that the lesion 
had been incorrectly described. Later Addison him
self was inclined to agree with this view, which has 
been described as the "unity of Addison's disease". 
There /



There is no doubt that the reason of this view being 
so strongly upheld is the great preponderance of this 
particular type of lesion. For instance Lewin (see 
later) collected 285 eases o-f Addison's disease and 
found that >in 211 this particular lesion, the tuber
cular caseou« one, was present.

Trousseau (New Sydenham Society) was the first to
It *vname this c ondition Add i «on'« d1gease. He agreed

generally with the views which had been previously 
put forward.

Habershon (Guy's Hospital Reports, 1864) was 
rather doubtful about the view that Addison's disease 
was due to a single lesion. He was the first to show 
that as the result of the inflammation spreading from 
the suprarenal bodies, an involvement of the semilunar 
ganglia might take place, with fibrous changes in the- 
abdominal sympathetic , in the solar plexus, and in 
the neighbouring ganglia.

Greenhow (Croonian Lecture, 1875) discussed these 
views somewhat more fully and described two separate 
stages : first, a stage of irritation of the semi-
- lunar ganglia and the nerves connecting them with the 
suprarenal, bodies, thi« being shown by redness, and 
swelling, and being succeeded, by, secondly, a later 
stage characterised by atrophy and fatty degeneration. 
He /



He thought tlift the changes in the sympathetic might 
be responsible Cor the condition, as well as the leslori 
in the sijr,T ayen8.1 glan 1 itself.

From this stage onwards, no great advance was ma.de 
in our ncwledge of the condition, until, in 1895, the 
true function of the suprarenal glsn.de began to be re
cognised from the work of Schafer and Oliver (Journ. of 
Physiol.). later still it was round that diseases 
of the thyroid gland could be cured by the administra
tion of an -extract of the gland given by the mouth, 
and attention was. thus re—directed to Addi°on's dis
ease with a view of determining whether it, being also 
due to the absence of an internal secretion, might not 
also be cured by the administration of the dried gland 
by the mouth.

Addison ’s Dl seas e with Lesion o~p the Suprarenal Gland^ 
A . Lesion in Both Suprarenal Glands :

It is now firmly established that any lesion of
the suprarenal glands may produce the symptoms of Ad
dison’s disease, and that the original contention of
Wilks and Greenhow that the disease is the result of 
one lesion only has not been supported by subsequent 
i n v e s t i g a t i on s j



The lesions found in the suprarenal capsules in 
Addison's disease may be classified as follows :

( 1 ) Tub er c ui ar. f i br o- c a s e o u r  c ond i t i on ;
(?’) Secondary carcinomatous metastasis invading 

the glands ;
(3) Chronic interstitial inflammation leading to

atrophy ;
(4) Simple atrophy.

1. Tubercular flbro-casepus lesion
The commonest lesion of the suprarenal glands in Ad
dison's disease is a tubercular fibro— caseous condi
tion. According to Folleston, this is found in from 
74# to 80#, and is in most cases bilateral. It is 
particularly interesting to note that it very fre- 
■ querfcly is the only tubercular lesion found in the 
body.

As a rule these small tubercular nodules are 
first found in the medulla. They may originate in 
the cortex, but this is very rare indeed, and car” 
must be taken that small adenomatous masses, frequent- 
-ly present on the surface of the cortex, be not mis
taken for tubercular nodules. These «mall early 
tubercular nodules are very well shown in Fig. 
which I have taken from a case of acute miliary 
tuberculosis /
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tuberculosis occurring at the termination of a lymph- 
-atlc leucocythsemia, with some consolidation at the 
apex, of the right lung. These small nodule« increase 
in size and coalesce, destroying the medullary tissue 
and spreading into the cortex, which is also grad
ually destroyed. The process then gives rise to an 
inflammatory condition surrounding th” gland, which 
spreads to the neighbouring tissues and results in ad— 

-hesions to the surrounding organs. Fibrous tissue 
then develops round the central caseous mass, which 
breaks down to form an abscess; or +he tissue may be- 
-eome infiltrated with calcareous salts, or undergo 
softening, and the glands may become transformed into 
mere sacs of pu«. All observer« are agreed that +.he 
tubercular lesion involving both suprarenal glands is 
by far the mo«t frequent. The exact percentage of 
cases in which "uch legion« are present is difficult 
to reckon accurately. Lewin collected 285 oa«es of 
Addison’s disease, and found that a tubercular condi
tion wav present in 211, i.e., in 74#. SO# of the«e 
cases were males, and 40# were females, but the cases 
spread over a large number of year«. According to 
Dr Tatham of the General Register Office, the average 
number of deaths from Addison'« disease in England 
and Wales is 172 annually (31 males and 91 females). 
Thes e /



These practically include only cases in which the 
tubercular lesion was present, as in the cases in whic 
the condition of the gland was found to be the resu.it 
of a carcinometou® growth, death was registered under 
the heading of haemorrhage or malignant disease, etc.
It is thus impossible to make an absolutely accurate 
list of such cases.

II. Carcinoma of the Suprarenal Glands

This is the second mo°t common lesion, and is usually 
secondary to a malignant disease in the abdomen, in- 
* wading the suprarenal glands either directly, or in
directly by a blood spread. In most cases, the pri- 
-mary growth gives rise to symptoms which obscure the 
effects of the involvement of the suprarenal glands, 
which may be altogether overlooked, or if noticed may 
be considered sufficiently -accounted for by the pri- 
-mary growth, unless marked pigment be present, when 
the possibility of an involvement of the suprarenal 
glands is possibly suggested» The growth, to produce 
symptoms quite typical of Addison's disease, would 
have to involve the «uprarensl glands alone, and to 
run its c ourse without complications - a condition 
very rarely found. (I propose to discuss later the 
cases in which carcinomatous and other changes have 
been /



been found in the gland, without any of the character
istic symptom-* of Addison's disease having been pro- 
d.uc ed ).

In a primary carcinoma or sarcoma of the supra
renal glands, there is very little evidence of the sym
ptoms of Addison's disease being present. According 
to Holiest on ( Cliff o n  Allbutt's "System of Medicine", 
Vol. iv, Part i, p. 400), this is "'because the cells of 
the growth carry on the functional activities of the 
organ". I have paid particular attention to this 
point and have searched the literature very carefully 
in regard to it. As far as i am aware, there is no 
case on record of a tumour of any kind of the supra- 
-renal gland in which it has been shown that the cells 
of the growth contained adrenalin. I should like to 
take this opportunity to point out that the use of the 
bichromate stain for adrenalin affords us a very «imple 
means of solving thi« problem. If such a tumour be 
simply placed in Kohn's solution for 24 hours, the 
usual yellow staining of the protoplasm will result 
if the cell« contain adrenalin. It would be advis— 
-able to remove the tumour within 24 hours after death 
certainly within 36 hours - if this reaction is to 
be relied upon, but the important point is that the 
cells of such a. tumour may in this way be most care— 
-fully studied and that results may thus be obtained 
which j



which could not otherwise be attained, even by the 
blood-pressure method, and which are absolutely re- 
.1 iable.

III. C hr on 1. c I n. t er s 1111 a 1 I nf 1 arama t ion 
leading to Atrophy.

Thi® is a condition of the suprarenal glands in which 
there is a great increase in the amount of fibrous tis
sue, which ultimately compresses the secreting cells 
and finally results in a condition of atrophy. Haddon 
( T ran s .  Path. Soc., 1385, p. 437) studied this condi
tion very carefully and considered that it was similar 
to that seen in cirrhosis of the liver, the destructior 
of the proper structure or the organ being secondary.
He drew attention specially to the fact that he con
sidered that "no constant morbid change is essential 
for the production of Addison's disease", any lesion 
which is destructive being sufficient, the anatomical 
condition being of no e on sequence; and that "it is 
curious to note that the lesion of the suprarenale is 
identical with that seen. In the thyroid gland in myx— 
oedema". This lesion is the third in frequency.

IV, Simple Atrophy

This lesion differs from the previous one, as it is no1 

preceded /



preceded by a fibrous change in the structure of the 
organ. The first pure example of this that I have 
o°en able to find is that recorded by Saundby ( T^ans. 
Path. oOc., 1885, p. 440), in which tne sunrarenel 
glands were examined very carefully and were found to 
be extremely small, the right weighing 18 grains, the 
left 10 grains. On section no increase of fibrous 
tissue was found ; the capsule was not thickened, and 
the .glands "seemed, to be simply atrophied". Simmond« 
(Virchow's Arch., 1903, clxxii) collected 26 cases of 
this kind, in «ome of which the atrophy was very ex
treme, the suprarenal glands being described as "of 
the size of peas", so that tie lesion is quite satis
factorily established. It is rather interesting to 
note that in most of the above cases, after the eondi- 
-tion of the suprarenal gland« was realised, the semi- 
lunar ganglia were examined, and in almost all of these 
cases were -tated to be "normal".

The above list comprises the principal lesions 
found in the suprarenal glands in Addison's disease.
A large number of descriptions of cases of this dis- 
.ease are to be found in the various numbers of the 
Pathological Transaction«, ali of which, however, fall 
under one or other of the above headings. Any lesion 
which d estroys the secreting cells of the medulla of
the J



the suprarenal gland will produce the clinical symptom*;
of Addison's disease, because, as I have shown in an
early part of this paper, the tone of the cardio-vas- 
euler apparatus depends upon the internal secretion of 
the celln of the medulla of the suprarenal capsule, 
and if these be destroyed, a cardio-vaseular paralysis 
results. This is the condition in Addison's disease, 
in which this esrdio-yascular failure is usually of 
some considerable duration, as the destruction of the 
secreting tissue of the gland tahes place at a fairly 
slow rate. Addison's disease may, in fact, be con
sidered as. a very chronic type of destruction of the 
secreting cells of the medulla of the suprarenal gland.

There are s. number of cases on record, however, 
which have been considered by various writers as throw
ing some doubt upon the constant association of lesion?* 
of the suprarenal glands with the symptoms 01 A-.. ¡.1 on a 
disease. * These may be classified under the follow

ing headings :
(1) Destruction of the suprarenal glands without

any clinical symptoms of Addison's disease .
(2) Typical symptoms of Addison's disease with 

out any post-mortem lesion of the suprarenal glands.
In the attempt to discover the lesion in these 

latter cases, in which the suprarenal glands have been 

thought j



thought to be unaffected, it has been attributed to 
the semilunar ganglia and neighbouring sympathetic 
plexuses. We may therefore divide these conditions 
into :

(a) Cases in which the semilunar ganglion has
been found to be affected ;

(b) Cases in which +he semilunar ganglion was
normal.

T now wish to discuss these conditions fully :

A . Lesion in the Suprarenal Glands 
without Symptoms of Addison’s Disease

(l ) T-dbero ular Lesions of Both Suprarenal elands :

Bradbury (Lancet, 1396, II) reports a case of tuber
cular disease of both suprarenal capsules, in 
which the patient exhibited no pigmentation dur
ing life, and no other symptoms giving rise to 
suspicion of Addison's disease were detected be

fore death.

Griffin (Lancet, 1398, June) also reports a care in
which so suspicion of Addison's disease nad been 
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entertained, but in which tubercular lesions in 
both suprarenal glands were found at the autopsy.

Ache.rd (Presse med., isoo) reports a similar case in 
which an advanced caseous condition of both 
suprarenal glands was found, no pigmentation 
being noticed during life, and no suspicion being 
entertained, therefore, of Addison's disease.

J a now sky (Lancet, 1893 ) records a case in which both
suprarenal capsules were found to be in an ad
vanced state of degeneration, with pus, but with 
no detectable tubercle bacilli. He considered
this to be a ease, not of tubercular lesion, but
of some other bacterial infection which had des
troyed the tissue of the gland.

?.. Lesion of One Suprarenal Gland

Addins ell (Lancet, 1893) reports a case of abscess in 
the left suprarenal, in which no symptoms of 
Addison's disease were present during life.

Bart ells (Dissert., 13S8) report« a case of tubercular 
disease and calcification of one suprarenal, 
without any clinical symptoms being observed.

Pawlih J



Pawl Ik (Arch. f. klin. Chir., 53) found a large haemor--
suprarenal gland rhagic cyst in o n e o l l o w i n g  an accident.

( 3 ) Ot her Lesion« of the Suprarenal«

W irk el (Pev. de Chir., 9) examined seven cares of
hypernephroma. He mentions that the symptoms of 
Addison's disease are not clinically associated 
with this condition.

Fob son (Brit. Med. Assoc., 1899 ) discovered sarcoma of
the suprarenale in two case«, without any symptoms 
of Addison's disease.

Finny (Dublin Journ. Med. Sc., 1899) described a some
what- similar case of sarcoma of both suprarenal 
glands in which death occurred from secondary 
métastasés in the lungs.

Pepper (Auer. Journ. Men I. Se., 1301) records a c a m  
of congenital sarcoma of the right suprarenal 
gland and of the liver, without any sign" of Ad

dison'« disease.

Carrière et De le ar de (Arch, de ed. Bxperim-nt.,
publish a case of malignant growth of both 
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suprarenal glands without any symptoms of Addi
son'« di sease.

Schitenhelm (Wien. klin. Rundschau,) 1901) and Re dm on 
(Prag. med. Wchnschr., 1903) both record cases of 
carcinoma of both suprarenal glands in which Ad
dison's disease was not suspected. The latter 
case is particularly interesting, as the patient 
was only three months old and the condition was 
afterwards considered to be a melanotic sarcoma.

Hofrr.eler (Ztsehx. f. Gynak., 43) describes a case of 
metastases in both suprarenal glands following re- 

-moval of a carcinoma of the uterus.

These cases have all been carefully studied from a 
clinical point of view and have later been investi
gated pathologically. They may thus be regardes as 
genuine cases of lesion of the suprarenal gland without 
any clinical symptoms of Addison's d i s e a s e .

At this point it is important to note that in th< 
diagnosis of Addison's disease, "he first symptom to 
rouse suspicion of its presence is the pigmentation. 
The other symptoms of the condition are gre^t lo of 
cardio-vaseular and muscular tone, which may be pro
duced in seme degree by lesion« o.i many di.xe„ent

kinds /



kinds. Unless this loss of tone is associated with 
pigmentation, therefore, the possibility of Addison's 
disease is liable to be overlooked. Mow this pig
mentation is usually said to occur only shortly before 
the fatal termination, and it may be but slightly 
marked. It preceded the other symptoms by several 
years in s few instances (Greenhow mentions one case 
in which it was the only symptom present for seven 
years). In many of the cases referred to above, the 
clinical symptoms appear to have been quite typical of 
Addison’s disease, with the exception of the pigmen
tation. Pigmentation usually requires some little 
time to develop. It i« not present in acute ca«es, 
and it is quite possible that many of the cases in
cluded in the above ii«t were really genuine cases of 
Addison's disease, without pigmentation, and that tne 
absence of pigmentation had misled the diagnosis. In 
many of the other cases, however, the clinical history 
is not typical of Addison's disease in any way, the 
explanation being simply that the lesion was no*- 'U. 
•ficiently extensive to destroy the whole oj tne se 
-ereting tissue of the medulla of the gland.
-truction of one suprarenal gland alone may p.. 
clinical symptoms of Addison's disease with pigmenta
tion, but in many case« involvement of only one gland

do e® /



doe« not produce such s. result. Numerous esses of 
this hind have been recorded :

Edel (Munch, med. Wc hr. so hr., 19 00) records a case in 
which he found complete destruction os one supra
renal gland, the lesion being a tubercular caseoui 
one. No symptoms of Addison's disease were even 
suspected.

Pendn ( Soc . med. ies Hop., 1899 and 1900) records
another very typical case in which one suprarenal 
gland, was transformed into a large tubercular 
ab«ce««, the other one being healthy. No clini
cal symptoms of Addison's disease were noticed.

These two cases have been quite satisfactorily in
vestigated , and they may be regarded a« properly auth— 
-ent icated.

If the lesion be a «low one, there is a considen- 
-able amount of reason to believe that the other y 1 snd 
may undergo some degree of hypertrophy. This has 
been specially pointed out by the French School of in— 
-vest jg ators, and although many other workers, esp«- 
-i ally iu. fngiand, have been unable to produce this 
hypertrophy, the evidence is strongly in fe 
fact /



fact that some such hypertrophy doe« to a slight ex
tent take place, and as I have already shown, a large 
number of chromaffine cells are present along the ab
dominal aorta and neighbouring sympathetic tissue, 
which are able to assume this function. This gives 
us an explanation of the fact that it is possible for 
one suprarenal, or even a considerable part of both 
suprarenal glands to be destroyed without correspond
ing symptoms of absence of adrenalin developing. These 
views are confirmed by the result of removal of the 
suprarenal glands in rats. Rats are able to stand 
removal of their suprarenal glands without fatal symp
tom« immediately appearing. This is due to the large 
amount of extra chromaff ine tissue (accessory suprarenal 
bodies) present along their abdominal aorta, which 
is able to supply the body with sufficient adrenalin 
to maintain the norasl tone of the cardio—vascular 

mecha.nl sm.
It should be noted that in all the oases above

referred to, the condition of the suprarenal glands 
no th s s T e e n  examined by the bichromate method, and we 
A '

are thus not in a position to state that no adrenalin- 
containing cells were present. We m a y  therefore con
sider that these cases are satisfactorily exxjl---i-ie 
if we regard them as (i ) cases in which compiet 1- 
truction of the secreting tissue had not taken pise« .

(2) /



(?) those in which sufficient adrenalin was obtained 
from the extra-chromaffine tissue, and (3) those in 
which the symptom« of Addison'« disease were actually 
present, although they were overlooked from the fact 
that no pigmentation was present to direct attention 
to them.

B . Typical Symptoms of Addison'« Di«ea«e 
with Normal Suprarenal Capsule«

Be far as I am aware, there is only one well-authenti
cated case on record in which the typical symptoms of 
Addison's disease were present and no lesion was found 
after death in the suprarenal glands to account for 
these symptoms. This is the case reported by 
For sterling (Dissert. Berlin, 1898 ), who was unable 
to discover any change in the suprarenal gland« to 
explain the symptoms. These were not, however, exam
ined either by the bichromate method or by their 
b 1 ood-pressure effect, so that it was not actually 
proved that adrenalin was present in the ĉ j.rs. 
all probability a nervous exhaustion of the supra
renal glands had taken place, so that -he adj. ..ru— in 
had become used up, the structural change in the 
glands not being sufficiently pronounced art-- 
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The cases which have been recorded by Bramweli 
(Brit. Med. cTcurr., 1897), Philips (journ. Experiment 
Med., Vol.4) and Bbstein (D. med. Wchnschr., 1 8 9 7 ) 
are simply case« in which an atrophy of both supra
renal glands was present, and although the medullary 
cells were not examined for adrenalin, there is no 
doubt that the structural changes described were 
quite sufficient to produce such an alteration in the 
normal secretory function of the gland as would be 
responsible for the typical symptoms being present. 
These cases should therefore not be considered as 
eases in which the symptoms of Addison's disease were 
present without a corresponding he?ion in the supra
renal glands. in fact I have only discovered this 
single ca«e (Forster ling) in which a careful examina
tion failed to show any gross lesion, of the gland.

suspicion of the condition.

C. Cases in which the Gemilunar Ganglia
were Considered to Show Pathological Changes

The reason which lei investigators to look for a lesio 
of the semi lunar ganglia was that in a number of the 
cases /



cases or. record, the involvement of the suprarenal 
glands was not considered to be sufficiently extensive 
to be held responsible for the clinical symptoms.

I have shown that this view is scarcely justified 
as there is apparently only one true case of this con
dition in which the suprarenal glands were found to be 
unaffected. Although Addison himself considered that 
the primary lesion was in the suprarenal glands, his 
immediate successors, particularly Greenhow and Wilks, 
considered that only one lesion, namely that which we 
new regard as a tubercular one, could produce the symp- 
-toms, of Addison's disease. In order to account for 
the other cases of the disease in which this tuber- 
ocular lesion was not present, they thought that there 
must, be a secondary involvement of the sympathetic 
plexuses, and in particular of the semi lunar ganglia. 
This view became somewhat altered later, and it wa.« 
thought that possibly the primary lesion might be sit 
-uated in the semi lunar ganglion, the secondary one 
being in the suprarenal glands. The matter became 
one of considerable dispute, and two opposing school« 
arose, one which believed that the primary lesion 
in the suprarenal glands, the other that it was in 
the sympathetic ganglia. A compromise was a.e».-died,

which /
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which may perhaps'be best understood from a summary of 
the conclusions arrived at by Wilks and Greenhow, who 
ultimately thought "that the lesion 1« primarily in 
the «uprarenals and always of the same kind. The 
symptoms of the disease are due to the secondary ef- 
-feot on the adjacent sympathetic, the «olar plexus 
and the semilunar ganglia«. The extreme nervous view 
was supported most strongly by Semmola (London, 1881) 
who considered «that not only did the change« in the 
suprarenal gland« have nothing to do with Addison's 
disease, but that when they did exist they were trophic 
lesions due to disease of the nerves which presided 
over their nutrition". The question of the involve- 
-rcent of the sympathetic has been much disputed and is 
even now not at all accurately understood. Many ob- 
- server« have recorded pronounced change«, and many 
others have been unable to detect any deviation rrom 
what they regarded as normal. As recently as 1905, 
Byrom Bramwell has taken up the position that in or- 
-der to explain Addison's disease satisfactorily we 
must combine these two views, and he considers that 
the symptoms are partly due to suprarenal inadequacy 
and partly to irritation of the abdominal sympathetic. 
Following up this view, he considered that case« in 
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which the former lesion predominated, benefited by the 
administration of suprarenal extract by the mouth, 
while those in which the latter lesion was the more 
pronounced, did not benefit by this treatment.

The early views of Wilks and Greenhow pointed to 
the fact that marked pathological changes in the sym
pathetic ganglia were present in Addison's disease. 
Greenhow thought that two «tages occurred, the first 
one of irritation of the ganglia and nerves, shown by 
redness and swelling, and the second a lat°r «tsge in 
which there was atrophy and fatty degeneration. von 
Kahlden (Virchow's Arch., 1883) criticised these ob
servations, and considered, that they were of no value, 
but he did not state whether he regarded the condition 
as normal or not. his own observations were limited 
to two cases of Addison's disease. He found hyaline 
degeneration of the vessel walls in +he semi lunar 
ganglia, with small-cell infiltration and atrophy of 
the ganglion ceils and marked "pigmentary degener

ation".
The question has been investigated in a number of 

other cases by F.oloff, Nothnagel and Babes, all of 
whom thought that marked changes 01 an atrophia or de 
'generative type were present in the suprarenal glands, 
a view which was most emphatically supported by 
Alexis end m m  (Bex. de ■*&., 1891). Tiie reeearehee

of /



of Hale White (loe. oit. ) throw considerable doubt upon 
the value of these observations, as he showed that 
'»pigmentary degeneration" with haemorrhage and small— 
cell infiltration is found in the semilunar ganglia 
removed from, cases which have succumbed to quite dif— 
-ferent conditions. He came to the conclusion that 
this is the normal state of the ganglia and is not to 
be considered as in any way typical of Addison's dis
ease. In spite of this, however, Abel in 1900 re- 
-investigate! the question very carefully. He found 
such marked changes in the solar plexus and semilunar 
ganglion, of the nature of increase of connective tis- 
- site and atrophy and degeneration of the nerve cells, 
that he thought these could not possibly be regarded 
as the normal condition, and that they marked an ex- 
-trerae degree of degenerative change. He strongly 
supported the work of Miklassewski, who the year pre
viously had found great pigmentation and atrophy of the 
cells in the semilunar ganglion and solar plexus, 
which he regarded as pathological.

Many other observers, including Hawthorne, Mar- 
-chand, Brauer and Leiohterstern, have investigated 
this problem, and they have all dome to the conclusion| 
that the alterat ions in the semilunar ganglia were 
too pronounced to be regarded a* the normal condition.

Their /



Their opinion is that we must regard the involvement 
of the semilunar ganglia as the essential lesion of 
the disease, possibly combined with the lesion of the 
suprarenale.

Before discussing these views, let us consider :

D. Cases in which the Semilunar Ganglion 
was found to be Normal

The literature on this subject is not nearly so ex
tensive as that on the questions discussed above. Hale 
White in particular emphasised the fact that very
slight importance should be attached to the changes
in the semilunar ganglion in Addison's disease, as 
similar changes are so often found in this ganglion 
when it is obtained from other cases.

Philips (jouro. Experiment. Med., 4), Esser (1899 ),
Rendu ( 1899 ), A chard (1900), Brunno (1902), Green
(1902), and Guttmsnn (1902) all investigated the sym
pathetic ganglia with great care, and came to >-e .-on 
-clusion that no changes were present which were m t -  

■ficiently marked to be regarded as an indication of 
involvement of the semilunar ganglion and neighbouring 

plexuses in Addison's disease.
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Pforringer (zentralbl. f. path. Anat., 1901), in a 
paper or. this subject, points out that in one typical 
case which he examined, he only found slight changes 
of the nature of a "Pigmentatrophie der Ganglionzellen

C hvo stele (Erg. der allg. Pathol., Bd ix2) considered 
that the changes in the sympathetic nervous system in 
Addison’s disease are too inconstant to be of any sig
nificance. i

I have investigated this question very carefully.
I have unfortunately no+ had an opportunity of examin
ing the sympathetic system in any case of Addison’s 
disease, but I have studied the semi lunar ganglion in 
a large number of cases which have died from other 
conditions. These'I have recorded full1/ elsewhere.
The results may be summarised as follows :

(a) In the child at birth, the cells of
+,}ie semiiunar ganglion are normal ; i.e., they contain 
a central nucleus and no pigment. The cells of the 
sympathetic ganglia are specially characterised oy 
the fact that they contain, as a rule, no Kissl bodies. 
These Nisei bodies are replaced by small, blue-stain
ing, powdery matter, scattered throughout the proto- 
plasm of the sell. This absence of granules ini

t h e /



the sympathetic cells is not a sign of degeneration or 
of atrophy ; it is the normal condition. The-“ re- 
•sults have been very strongly confirmed by the recent 
v/ct’k. c t C 8 j 8.1 wi 1 li iii n p. iiver tn fit* fed. of i,ni?ior•

(b ,) At +he ege of twenty-one years, !'he ceils of 
the sympathet ic ganglia begin to show marked pigmenta»- 
■tion. After thirty years 6f age, this pigmentation 
is so pronounced as to be present in the great majority 
of the cells. it is the presence of this pigment in 
the cells, which has led so many observers to consider 
the condition as a pigmentary atrophy, but it has net 
yet been satisfactorily proved that the presence of 
pigment in the nerve cell- i *  a sign of degeneration. 
According to Schafer (Brain, 1892), it is rather to 
be considered as a sign of excess of function, not 
loss of function. Thus the contention of mo°t ob
servers that the sympathetic ganglia ware degenerated 
or atrophied, owing to the presence of large deposits 
of pigment in the cells, is not justified, as our know- 
-ledge of the mechanism of the deposit of pigment in 
nerve cells does not enable us to assume that it 
neces—arily implies diminution in the ?unction o. the 
nerve cell in which the deposit of pigment has taken 

place.
In Plate IS i have figured a very typical example j
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of thè semi lunar gangli ai of 9 man aged thirty-two. 
This ganglion was removed very shortly after death, 
which was due to a fall from the top of a house, and 
was prac + icaliy instantaneous. He lived only four 
hours after being brought to 'Hospital. As the exam- 
-i nation was made at once, the ganglion was in a very 
good condition for investigation. The principal 
point to be noted is the presence of marked pigments- 
-tion in most of the cells ; the second is the absence 
of Nisei granules, and the third is g slight degree 
of increased vascularity. All these are normal con- 
-ditions, and it is thus impossible to determine the 
actual presence of degeneration of the cells of the 
semi lunar ganglion without a corresponding examination 
of a large number of normal ganglia. In this case 
most of the nuclei of the cell- were central, and in 
cases in which, the nucleus becomes markedly eccentric 
and in which large deposits of lymphocytes are found 
round the nerve ceils, we must undoubtedly consider 
the condition to be one of degeneration.

I think we may assume that we have an explanation 
of the changes in the ganglion when we consider the 
result of the Work which I have described , in a previo« 
part of this paper. The fact that we may have a 
nervous exhaustion of the suprarenal Slend points very

strongly /



strongly to the possibility that there may be a condi- 
-tion oi fatigue in the nerve cells supplying the gland; 
i.e., the semi lunar ganglion and neighbouring plexuses, 
end a degree of degeneration of these nerve cells, must 
therefore occur. Ivor Tuckett (journ. Physiol., 1893) 
has investigated the alterations which take place in 
the structure of the sympathetic ganglion cells with 
degeneration of the nerves. He used the cervical 
sympathetic nerves in the rabbit and obtained changes 
in the superior cervical ganglion similar to those des
cribed for the nerve cells in the spinal cord. They 
shewed chromatolysis, eccentric nuclei, and badly- 
staining protoplasm. A condition of this nature in 
the semilunar ganglion in Addison's di-ease might quite 
well occur as the resalt of an exhaustion of these 
cells from a slow destruction of the secreting cells 
of the siiprarensi. glend. This may, or may not be 
influenced by nutritive and other changes taking place 
in the body in con sequence of the absence of this 
secretion, and therefore the lesion which we actually 
find in the semilunar ganglion will depend upon the 
extent to which these other secretory factors have 
influenced the nerve cells of the ganglion. If these 
are marked, we may expect a somewhat advanced degree 
of atrophy and degeneration, such as has been des
cribed by many observers ; if they are no+ very 
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prominent, the condition may not have resulted in ®uch 
en advanced change. Thin in probably the explanation 
of the cane? in which no many observer® have found 
charges which they considered not to be sufficiently 
extensive to count as a factor in the production of 
the condition.

I have repeatedly emphasised the great importance 
and value of the bichromate stain in the demonstration 
of the presence of adrenalin. I have pointed out 
that it is actually the only reliable means at our 
disposal in connection with the determination of the 
condition of the cells in tumours of the suprarenal 
gland, in which blood“pre®sv.re results might, prove un
reliable owing to the presence of other substances with 
a depressor action in the extract. I have also point- 
-<=!d out. that if the suprarenal glands were examined by 
this simple method in cases of Addison's disease in 
which the gland® do not appear to be seriously in
volved, we should be in a position to obtain valuable 
result® in regard to the functional activity of these 
cells, or, in other word®, in regard to the amount of 
adrenalin which they contain. This ha®, -however, 
been done in one case :

Wiesel /



liesel (Ztschr. f. HeilKunde, xxiv, p. 2 5 7 ) in
vestigated the chromaffine tissue in five separate and 
typical cases of Addison's disease by means of the bi-
- chroma te staining reaction. He found a complete &b- 
-sence of any staining reaction of any of the cells of
the medulla of the suprarenal glands ; i.e., the
cells were devoid of adrenalin. But he extended his 
observations to the sympathetic ganglia and piex.use®, 
and found that the eh rom affine cells present in these 
situations, a® described by Zucherhandl in man (see 
earlier - art of this paper) failed to give any stain
ing reaction, a® well as the masses of ehromaffine tis
sue found in the region of the lower end of 4he ab
dominal aorta, usually termed »accessory suprarenal 
glands". In other words, all the ehromaffine tissue 
in the body had completely disappeared in these fiveI
case® of Addiaon' ® disease. He also records msrKed 
pigmentation of the nerve cell® in the sympathetic 
ganglia - "Pigmentierung und Lipochrombildung" 
changes which he states he had never found in any 
other case® than Addison's disease. Tiesel conclude 
that Addison's disease is essentially a disease of 
the chromaffine system resulting in secondary changes 
in the semilunar ganglia and other parts of the ®ym-

- pathetic nervous system. His worK is a very good 
example of the application of the bichromate stain to 

the above problem, and serves to emphasise its value.



SUMMARY

1. "Addison1 s disease" is the name given to the symp
toms 'Ahieh ■ result from a g r a d u a l destruction or 
exhsuet ion of the medulla of the qijp t»0 t> c' 2_ 
g l  and0 .

P . In the great majority of cases this ip the result 
of a tubercular lesion, but it may be produced 
by carcinoma, interstitial fibrosis, or simple 
atrophy ; any lesion which gradually destroys 
the medulla of the suprarenal gland is suffi
cient to produce the typical symptoms of Ad- 
dison’s disease.

3. Those cases in which lesions of the suprarenal
gland® have been found after death without, Ad- 
di son's disease haring been suspected clinically 
during life, receive a sufficient explanation 
as fellows :

(a) All the secreting tissue has not been des

troyed ;
(b) The accessory chromsffine masses (accessory

suprarenal bodies) are able to provide 
sufficient adrenalin to supply the needs 

of the organism ;

(c ) The /



(0 ) clinica 1 feature? of Addison’ ? disea«e
often

are^not recognised, unless pigmentation be 
a marked symptom.

Those esses in which Addison's disease was very 
marked during life, and in which no lesion, or 
a lesion not sufficiently extensive, were found 
in the suprarenal capsule? after death, are suf
ficiently explained by a nervous exhaustion of 
the gland.

Altérations in. thè nerve celle of thè semilunar 
g a ngl i en rn a y re ? ul t fr om :

(a) Direct s prend of thè inflammatory procès?
fr om thè «aprarenai glands to thè «emilunar 
ganglion ;

( b J Fatigue" or »exhaustion" of nerve celi? ?e- 
- condsry to primary destruction of thè 
m.eduli a of thè gland ;

( c ) "Exhaustion" of nerve celi? following ex— 
-haustion of thè medulla from increased 
strain nlaced on thè gland by xsrio <.“• oon- 

-di tiens.
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The semilunar ganglion cells in man normally 
exhibit :

(a) No Nisei granules : these are replaced by
a fine powder scattered through the proto
plasm of the cell ;

(b ) Marhed pi gment a t i on.
Many observers have been misled by finding these 

present and have considered the cells to be de- 
-g-'-nerated and to be t.ypica 1 of Addison' s dis- 
-ea.se. Tt is, however, the normal condition.

^ • Addison's disease i« the result of a destruction 
or exhaustion, of the chromaffine tissue of 
the body. The changes in the serailunar 
ganglion are secondary, and play no important 
part in the production of the symptoms 
characteristic of this disease.

3. The absence of adrenalin from the medulla of
the suprarenal glands and from the rest of 
the chromaffine tissue, is quite sufficient 
to account for the symptoms of the disease.



TREATMENT 0? ADDISON* S DI SISASE
by means of

SUPPAF.ENAL EXTRACT.



Treatment of Addison's Disease with Snprerensl Extract.

Our Knowledge of the treatment of Addison's dis
ease by the administration of dried, suprarenal gland by 
the mouth is at present in a somewhat unsatisfactory 
condition, as quite different result® have been obtsin- 

-ed by the various observers, who may be roughly classed 
under three heading® :

(1) Those who clain to have succeeded, in com
pletely curing the condition by this treatment :

Peeks (Montreal Med. Jo urn., 19 O'7, No.?) records 
a. case of Addison’ ® disease which he claims to have 
completely cured by the administration of suprarenal 
extract by the mouth. The condition was not of very 
icng standing, but marked pigmentation was present.
This is stated to have almost entirely disappeared. 
Albumen, which was present before the administration of 
the extract, also completely cleared up, and the number 
of red blood corpuscles increased from 2,100,000 to 
2,800,000, while the marked vomiting and diarrhoea 
which had been present also ceased. The author re
gards the case as completely cured by the extract.

Several other authors have recorded similar marked 
improvement under administration of suprarenal extract 
by the mouth; their cases may therefore be classed 
under /



under the above heading.
Kirtz (ztsohr. f. Gynak., vol.42 j treated two 

cases of Addison's disease by subcutaneous injections 
of adrenalin. He reported such marked improvement 
that these two esse® might have been considered cured 
had the pigmentation not persisted.

Brarawe 11 (Brit. Med. J o u m . , 1397 ) records a 
typical case of Addison's disease of several months’ 
duration, with marked pigmentation and asthenia. The 
patient was given 15 minims of adrenalin subcutaneous- 
ly twice a week, and extract of the two suprarenal 
glands of one rabbit. After a fortnight, the pig
mentation began to disappear, and before very long the 
whole condition improved so much that the patient was 
able to leave Hospital, apparently cured. Hhe im
provement did not last very long, however, as he died 
somewhat suddenly a few months later. Both the supra 
renal glands were found to be completely atrophied.

Edel (Munch, med. 7/Chnsehr., 190C) reports very 
considerable improvement, almost amounting to cure, in 
a case of .Addison's disease treated by dried tabloids 
of suprarenal gland.

Schilling (Munch, med. ’Ychnschr., 1397) records a 
case which was practically cured by the administration 
of suprarenal gland by the moutn.

Beclere (Soc. med. des Hop., 1898) also Reports
/a /



s case in which the administration of suprarenal gland 
by the mouth produced no effect whatever, but in which 
considerable improvement took place after it had been 
hypcdremi eg 11y inj ected.

(2 )  Those who report temporary improvement as 
the re®mt of the administration of suprarenal extract 

The greater number of cases of Addison's disease 
in which dried, suprarenal gland has been given come 
under this heading. The improvement appears to be 
only of temporary duration, and it cease® immediately 
after the administration of the gland 1® stopped, or 
even in spite of its continuous use. The case of 
Bramwell above referred to should probably be placed 
under thi s hea d in g.

vpllbrachf (Hen. klin. ’?chn*ehr., 1899) records 
a ca.se of Addison's disease in which marked pigmenta- 
-tion was present, along with purp’ira haemorrhagica.
The administration of dried suprarenal extract in this 
case produced only temporary improvement.

Tone11 (Gas. med. Lcmb., 1896) published the re- 
-port of another case of Addison's disease temporarily 
cured by the administration of dried powder prepared 
from the suprarenal g l a n d s ,

Ness (Glasgow Med. Journ., 1900) records a case 
of Addison's disease associated with leucoderma. This 
case /



case showed marked symptoms of asthenia and other signs 
pointing to Addison's disease, all of which underwent 
considerable improvement during the administration of 
suprarene1 ex tract.

Foster (Lancet, 1899) also reports a case of Ad~ 
-dison's disease in which considerable improvement took 
place, which was not, however, of long duration.

Franc1s (Bri+. Med. Joura., 1396 ) records the 
case of a man aged twenty-five, who showed great pig- 
•mentation, emaciation and vomiting. The illness 
was of about seven months' duration. The patient was 
given 5 grains of tabloid of suprarenal gland three 
times a day. There was considerable improvement, the 
pigmentation disappearing and the emaciation and as- 
-thenia becoming less marked. The improvement lasted 
for only a short time, however, and was followed by 
increase in pigmentation and asthenia, in spite of 
the edmir.ist.raticn of suprarenal gland tabloids in in- 

-creased doses. The. tabloid influenced the disease 
favourably for about a month, but did not serve either 
to arrest the course of the disease or to prevent 
a fat al termina ti cn.

Boy (Practitioner, 1901) discusses the therapeut- 
-ic value of suprarenal preparations in Addison's 
disease end records some cases in which temporary im

provement resulted, the real course of the disease 
being /



b e 1 ng, bow ev er, uns free ted,.
Many other observers have recorded temporary im

provement under the administration of suprarenal ex
tract .

Stockman (Textbook of Medicine), states that he 
saw great amelioration in the symp+ om® and lessening of 
the pigmentation after two months' treatment with 
three to six sheep®1 capsules daily, taken raw. On 
stopping the treatment, the patient relapsed, and or. its 
being resumed he again improved. He states that no 
case has been reported in which complete and permanent 
recovery has taken place, although the subjective and 
objective symptoms are often materially improved. He 
also says that the question of treatment by gland ad
ministration is still in a very nneati«factory condi
tion. This is not quite correct, as I have already 
found two well— authenticated case® in the literature 
(Hirts) in which complete cure has been claimed. It 
is interesting to note that the improvement which 
Stockman reports in his cases was obtained by the ad- 

-minist-ration of very large doses of suprarenal ex
tract.

0®ler, Lloyd Jones, Polieston and Oliver all re
port temporary improvement under the administration of
dried, extract of suprarenal gland.

/
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( 3) The?e who report Ogees in which No Improve
ment Resulted :

Turner (Lancet, 1899) records 8 case of Addison's 
disease in which administration of suprarenal extract 
produced no effect. The case was a very advanced one 
and the bio od-p res sure had fallen very low.

R e s t erling (Dissert., Berlin, 1898 ) also records 
another case in which no improvement of any kind re
stated from the administration of suprarenal gland 
extract.

Bury (Lancet, 1897) treated a case of Addison’s 
disease in a child with suprarenal gland extract, and' 
was able to obtain no improvement in the symptoms.

Trevithik (Lancet, 1900) reports a case of very 
acute Addison's disesre, with marked pigmentation and 
great asthenia, chilliness and gastro—intestinal ir
ritability. Treatment with suprarenal gland extract 
had no effect whatever. The patient became rapidly 
worse. At the autopsy both suprarenal glands were 
found to be completely destroyed. The pa tint was a 
man of forty years of age, and the disease was only of 
two months' duration. The condition was therefore an 
exceedingly acute one.

Box (Practitioner, 1901) ai®o records, two cases ir 
which treatment by suprarenal gland extract had no 
effect in arresting the course of the disease.

(4 ) /



(4) Those who Report Case® in which Administra
tion of Suprarenal Gland was Followed by In.1n.ricn® Ef- 
fec ts

Cases under thi® heading must carefully dif- 
-ferentiated from those in which the symptoms became 
progressively worse, but were no+ influenced by the 
administration of the extract. Those included here 
are case® in which the patient became markedly worse 
immediately after the administration of the gland, and 
in which this injurien® effect appeared to pa®s off 
when the gland was stopped. Many such cases have been 
observed, but there are not very many which can be 
accepted as being sufficiently authenticated.

Rendu (soe. med. des Hop., 1899) records a very 
acute case of thi® disease in which the administration 
of suprarenal extract was followed by considerable ag
gravation of the symptoms and death.

0®ier (Johns Hoskins Ko®pital Reports, 1897) re— 
-cords, s cs®e in which administration of ®uprarenal 
gland appeared to act injuriously.

Fo®terling (Dissert., Berlin, 1893 ) reports sever-- 
-al cases in which the symptoms appeared to become more, 
intense after the a dministration of the dried g land.

Erdmann and Loth (N. Y. Med. New®, 1907) also re- 
-cord several case® in which marked aggravation of the 
symptoms appeared after administration of the extract.

Summary /



Summary

It is to be particularly noted that all these 
cases in which the administration of suprarenal extract 
has appeared to have an injurious effect are of a some-’ 
what unusually acute type. Although a considerable 
number of cases in which the symptoms have got pro- 
-gressively worse after the administration of the ex
tract- have been recorded, this aggravation should not 
be said to have resulted from the administration of the 
extract, which in these cases had probably no effect 
whatever. In the cases above recorded, the various 
observers have considered that the great exaggeration 
of the symptoms which followed the administration of 
the extract was directly due to this administration, 
and was not simply due to the disease running its 
ordinary progressive course.

Discussion

Our knowledge of the treatment of Addison's dis— 
-ea®e by means of suprarenal extract is thus in a some
what unsatisfactory condition, the great majority of 
writers finding either no improvement, or only slight 
improvement J



improvement, while even a more marked benefit has only 
afforded temporary relief to the symptoms, the main 
course of the disease not being influenced and the 
usual fatal termination not being prevented.

Hale Whj t e( clin. Journ., March 18, 1908 ) takes a 
very grave H e w  of the prognosis in a case of Addison' ft 
disease. He states that all such cases prove fatal 
in a period not exceeding two years from the commence
ment of the symptoms. He further adds : »'the treat
ment, of Addison1® disease is very unsatisfactory". In 
the particular case to which he refers in this article, 
he states that adrenalin, given both by the month and 
subcutaneously, "did no good, and did not even raise 
his blood—pressure", and he adds : "It has been
tried in so many case® without success that when suc- 
-cess is reported, one cannot help thinking that either 
the success was not permanent, or that there must Lave 
been a. mistake in diagnosis»,

E. ”r. Adams (Practitioner, 1903 ) analysed 97 
eases. In 7 the condition grew worse. In 3 cases 
transplantation of the suprarenal was attempted and 
death was attributed to the treatment. In 43 there 
was no effect noticed. In 31 there was temporary im
provement. in 15 he thought that "the relief was 
permanent", but the further course of the disease is 
not recorded, and the clinical history is thus 

defi c ient /



Osier ( Principle® and Practice of Medicine, 1909) 
in a somewhat brief discussion, appears to accept the 
general view that the essen+ial lesion lies in the 
absence of the internal secretion of the suprarenal 
glands, but el®o lays great emphasis upon the view 
"that it is an affection of the abdominal sympathetic 
system, induced most commonly by disease of the adren— 
-ale, but also by other chronic disorders which involve 
the solar plexu® and its ganglia. According to this 
view, it i® an affection of the nervous system, and 
the pigmentation has its origin in changes induced 
through the trophic nerves. The pronounced debility 
is the outcome of disturbed tissue metabolism, and the 
circulatory, respiratory, and digestive symptoms are 
due to implication of the pneumogastric nerves. The 
changes found in the abdominal sympathetic are held to
oi-n q •ptj t , \txqyj ̂  and i t> r* sciv o 0 s.% © 0 0  ̂11 0 0 0cun 
-rence of pigmentation of the skin in tuberculosis of 
the peritonaeum, cancer of the pancreas, or aneurism 
of the abdominal aorta".

Bramweli (Brit. Med. Journ., 1897, Tan. 9, p. S7 ) 
discusses this problem somewhat fully. He comes to 
the conclusion that the theory of suprarenal inadequacy 
is not sufficient to account for all the symptoms of 
Addison's /
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Addison's disease, and neither is the theory of the in- 
-vclvement of the sympathetic nervous system. Ke there
fore comes to the conclusion that we must regard both 
lesions a® essentially contributing to the symptoms of 
the disease, end that those cases in which the admin
istration of the extract cause marked improvement must 
be regarded as cases in which the former lesion pre
dominated, while in those cases in which little benefit 
is obtained from suprarenal extract, we must regard 
the latter lesion as the more marked of the two. Ke 
considers that «this theory will satisfactorily ex
plain, as far as is known at present, all cases of Ad
dison's disease». Bolleston (Encyclopaedia Medica) 
points out that if this theory be correct "the effect 
cf adrenal extract would be of considerable value in 
prognosis». The theory referred to above has also, 
according to Poll eston, been advanced by Boinet, but I 
have been unable to obtain his papers.

When we come to analyse this theory, however, we 
find that it rests upon very few actual facts. Byrom 
Bramwe 11, in the above paper, bases his views upon one- 
case of Addison's disease only (p. 58), in which "15 
minims of sterilised suprarenal capsule juice was in
jected twine a week, the glands of one rabbit in one
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drachm of the extract", and "the patient was kept in 
bed for three weeks". "In a fortnight manifest im
provement, took place", and the patient was later able 
to return home and return to work. Ke died somewhat 
suddenly shortly after and at the autopsy "two fatty 
masses were found representing the suprarenal capsules* . 
This is a case which lays itself open to criticism 
from two points of view : Firstly, as the suprarenal
glands could not- be found, it is only natural to ®ug- 
-gest that the masse® of fat, which showed no resem- 
-blance to suprarenal tissue, may not have been the re- 
-mains of the suprarenal gland® at all, but merely re
troperitoneal fat, and that the real suprarenal glands 
had not been discovered. Through the kindness of Dr 
Shennan, I have been permitted to remove and examine 
the suprarenal glands from a large number of cases in 
the postmortem room of the Eoyal Infirmary, and can 
state, from personal experience, that when much fat 
is present in this region, there is often great diffi
culty in finding the suprarenal glands. Secondly, in 
regard to the treatment of this case, Dr Bramwell does 
net appear to me to give due credit to the result of 
the rest in bed. It is very difficult, in view of our 
present knowledge of the action of adrenalin, espec- 
-ieliy after when I have been enabled to show in this 
monograph /



monograph, to believe that such a very marked improve
ment could, have resulted merely from such small doses 
a® 15 minims of an extract from a rabbit's suprarenal 
gland.® administered subcutaneou«ly twice a week, when 
we know how very transient i® the effect of adrenalin, 
and +hat, when given «about ane ou sly, it produces local 
constriction of the vessel®, thus preventing absoprtion, 
and is readily decomposed in the tissues. In fact, 
this case Improved on account of the rest in bed, not 
on account of the administration of adrenalin in 15 
minim doses twice a week.

My interpretation of this case is a® follows :
The patient, developed hi® symptoms of Addison's dis
ease after influenza. Now influenza i® very apt to 
produce bad effect® upon the heart, tachycardia and 
cardiac dilatation. it is, in fact, an acute infect- 
-ive condition which throws a great strain upon tl e 
whole eardio-va®cul?r apparatus, and must, a® I have 
shown in this thesis, sl®o throw a great strain upon 
the suprarenal gland®. The patient wa® -never a man 
cf robust health, and thi® strain obviously proved too 
much for him, his suprarenal glands becoming consider
ably, though not completely exhausted. This resulted 
in the "failure to recover hi® wonted strength and 
energy /



energy"; i.e., hi® suprarenal glands were unable to 
recover from this strain, and gradually and «lowly 
gave way. As the change was slow, the typical symp
tom® of Addison'® disease with pigmentation had time 
to develop, and as, according to Dr Bramwell, he "was 
only just able to dre®® end undress himself and had to 
crawl up to his bedroom on his hands and knees", I pre
sume he had not been actually kept in bed. Hence, 
on coming into Ho spital and being kept in bed and
otherwise treated, he naturally improved, as less
strain was placed, upon hi® ®uprarer.si gland® (while 
the actual administration of the 15 minim do®es of 
adrenalin subeutaneeu.®iy twice a week could not poss- 

-ibly have influenced his illness). . When he went home
again and returned to work, he at once threw a fresh
strain upon his suprarenal glands, with which they 
were unable to cope, and in consequence he grew rapid- 

-ly worse and suddenly died. Under such conditions I 
should expect the lesion in the gland® to be merely 
an atrophy, and as the ®ecrefing tissue wasted away, 
a fatty infiltration would result, such as I have 
elsewhere shown may be found in the parathyroid glands 
in exophthalmic goitre. This may possibly be the 
reason that Dr Bramwell had so much difficulty in re- 

-cogni®ing the suprarenal gland®.
I think that when we consider this case from this 

point of view we see that Dr Bramwell's contention is 
not /



not strongly supported, and that at the time he pub- 
-iished this vie? (1897) our knowledge of Addison's 
disease was not sufficiently far advanced to enable 
him to interpret this case correctly. Cases of the 
above type are not. uncommon in the literature, sl- 
-t hough the true r-i gnif icance of the changes had never 
before been realised, as far as j am aware. It would 
not be profitable to multiple «uch case® at this stage, 
but I cannot but think that possibly many of the cases 
in which mere "atrophy of the suprarenal glands« was 
found post-mortem are of this type.

The point which I wish to emphasise is this : it
is net necessary to have an involvement of the semi- 
•lunar ganglia to explain some of the symptoms of Ad
dison's disease, and the result of the administration 
of suprarenal extract must not be relied upon as a 
guide and test as to the relative involvement of the 
suprarenal glands or of the •sympathetic system.

I do net, wish to state that all the symptoms of 
Addison's disease are due to a mere diminution of ad
renalin, although I think there is no doubt that this 
is the essential lesion present, because, in cases 
where both ®up isrdfcsl glands are transformed into 
masses of osseous tubercular pus, there must be an 
absorption of toxins into the circulation, with corres- 
;ending cor.etitu.tional and other effects ; but I do 
not /



ret think that, apart from such factors of this nature, 
there is any necessity to associate any of the symptom? 
directly with lesion0 of the sympathetic nervous sys
tem. Bramwell has entirely failed to prove any such 
connection. He makes no attempt to connect any one 
series of symptoms with the lesion in the sympathetic, 
and another series of sympt cms wi+h a lesion of the 
suprarenal gland* ; lie merely theorises on the sub
ject, and a close study of the literature such as I 
have massed together in the last few pages, lends no 
support to such a theory. The absence of adrenalin 
from the suprarenal capsules is sufficient to account 
for a n  the sympt eras characteristic of Addison’s dis
ease, if we leave out of consideration the question of 
pigmentation, which is no+ at present understood. The 
cardio-vascuier and muscular weakness, with low blood- 
pressnre and tendency to syncopal attacks, directly re
sult from the suprarenal inadequacy and not from any 
involvement of +he sympathetic *ystem. This I have 
proved in an early part of this paper, where I showed 
that the tone of the cardio—vascular apparatus is de
pendent upon the internal secretion of the suprarenal 
glands and not upon its connection with the sympath
etic ganglia, since these may be removed without loss 
of tone resulting. This prove« that any lesion found 
in the sympathetic ganglia in man need not be considere 
as j



as a primary factor in.this li®ea°e. In fact, Addi

son's disease may be compared with myxoedema, and just 
as myxoedema is due to the absence of an internal se
cretion and may be cured by the administration of this 
secretion by the mouth to replace what is absent, we 
should expect that Addison's disease might also be 
cured by a similar administration of' the dried °upra- 
renal gland. Theoretically we have a complete cure 
of the disease, but in practice we find that the ad
ministration of the dried gland does not produce this 
cure. Why is this ? The explanation lies in this 
fact, in myxoedema it is necessary to give exactly 
the proper quantity of thyroid gland. If too much be 
given, the patient begin0 to show signs of exophthslmic 
goitre, and if too little be given, then, of course, 
the iryxoedematous symptoms will not all clear up. We 
must give just the necessary amount to replace what is. 
absent and supply the tissues with the normal amount 
of extract every twenty-four hours. This is exactly 
when we must do in Addison's disease : we must supply
the tissues with their normal amount of adrenalin. But 
adrenalin is cont innou^ly passing into the circulation 
from the suprarenal glands. A slightly diminished 
quantity, end the tone of the vessels falls ; a slight 
ly increased quantity and the tone of the vessels 
rises. The administration of adrenalin subcutanecu.sly 
in /



in man ir. Addison'* disease produces merely a temporary 
if any, effect. it may increase th e  tor« of the 
cardio-vas eular apparatus for a period measures ble in 
seconds, after which the effect passe* off. I have 
studied the e-pfeet of subcutaneous injection of ad
renalin in cases of low blood-pressure *omewhat fully 
and I am very doubtful if any actual increase of blood- 
pressure really does occur. I have rot been able to 
satisfy myself about this matter, and it must always 
be remembered that adrenalin, on hypodermic injection, 
at once produces a powerful local constrictor action 
which prevents its absorption, and that it readily de
composes in the tissues. In large doses it produces 
a glycosuria, and in still larger doses a pulmonary 
oedema. The administration of adrenalin subcut aneous- 
-ly in Addison's disease, therefore, cannot be recom- 
-merded, as the very best result which may be obtained 
is a transient Increase of tone.

We may, however, administer the dried gland by 
the mouth. Schafer has shown that adrenalin is not 
decomposed by the gastric juice, and I see no reason 
why a gradual absorption of small quantities should 
not take place. Thin is probably what has happened 
in those caees in which improvement ha* been recorded. 
The therapeutic problem is this : As adrenalin is
being /



being poured into the blood-stream in small doses eon- 
t.inucusiy every minute of the twenty-four hours, in 
treating suprarenal inadequacy we must obviously pro- 
-vide a continuous supply of adrenalin. This is what 
we fail to do, and therefore, although a temporary in— 
-crease of tone may result, the suprarenal inadequacy 
gains upon our attempt to provide a continuous supply 
of adrenalin, and as the cardio-vascular tone gradually 
falls, the disease approaches a fatal termination.

There is one type of Addison's disease which might 
benefit greatly from the administration of suprarenal
extract, namely, that in which the condition has re-

■

-suited from an overstrain upon the gland, such as 
would result, from some acute infective condition, and 
ir. which the glands, although seriously affected, are 
not so impaired as tc be unable to carry on their nor- 
-ii!a 1 function, although to a diminished extent. It 
is not impossible under these conditions that the ad- 

-minis tret ion of suprarenal extract, by relieving the 
strain upon the glands, and thus tiding over a criti- 
-cal period, may afford the glands a sufficient period
of rest to allow them to recover their full function.

*Such a case must be very rare, but I think that acute 
suprarenal inadequacy is a much more common condition 
than has hitherto been recognised, and that the absence 
of /



of pigmentation in acute disease of the suprarenale h 
been mainly responsible for the overlooking of this 
most important condition, which is far more frequent 
than anyone has previously realised.



ACUTE SUPRARENAL INADEQUACY.



Acute Suprarenal inadequacy

Acute suprarenal inadequacy may be found in animals 
dying from any of the infective disease«, in which con- 
-dition.s in man there is, as is only too well known 
clinically, a great tendency +o dea+h from acut® car- 
-diac failure. The reason of this has so far been un- 
-known. That it does occur, there in unfortunately 
no doubt. In this country, it is perhaps seen be*t 
of all in diphtheria. According to Samuel Gee (Clif
ford Allbutt's "S’ stem of Medicine " ) "in diphtheria 
the function of the heart is more apt to fail than in 
any other virulent disease which we meet with in our 
country". Mackenzie (Disease of the Heart, p. 215), 
who has devoted so much time to the study of diseases 
of the heart, says that "in diphtheria more than in 
any other acute di*ease, there is a tendency to fatal 
syncope, and I do not understand how this is brought 
about». Fomberg (Arch. f. klin. Med., Vol.lxiv) 
particularly emphasises the importance of the vgso- 
-motor paralysis which i* also present, and Krehl (Noth— 
nagel's Encyclopedia, Disease of the Heart, p. 535) 
comes to the conclusion that "the diphtheria poison 
injures the heart muscle and the vasomotor apparatus". 
Elliot (Brit. Med. Journ., 1907) has most nearly 
approached /



approached the real nature of this condition, which I 
have worked out in this thesis, and which we must re
gard as follows :

In diphtheritic toxaemia (in which we have *o 
much extracellular toxin liberated in the blood) there 
results an exhaustion of the «upr arena! glands, which 
become unable to meet the great strain placed upon 
them. As a resu.lt of this, the tone of the whole 
cardio-vascuiar system undergoes a rapid decrease, cul- 
• mineting in acute cardiac failure. Thi« view is in 
extraordinarily complete agreement with the clinical 
features of acute heart failure in diphtheritic 
toxaemia, as described by Stanley (Brit. Med. Journ., 
1905 ) and by Bolt cn (Arch, of Neurol., 1905, vol.ii), 
both of whom point out that the condition is «imply 
one of gradual exhaustion ; the blood pressure falls 
slowly, the pulse becomes slightly weaker, then irreg
ular, and disappears at the wrist, the heart-sounds be
come equally spaced, and a stage is ultimately reached 
when the circulation can no longer be maintained, and 
"sudden heart failure" take« place.

Acute cardiac failure is equally characteristic 
of certain other diseases of a similar nature. Stan
ley (loc. cit. ) has studied this carefully in 341 
cases of beri-beri, and ha? expressed the opinion that 
it /



it is of exactly the same nature as is found in diph
theria. Koskyn has strongly emphasised the fact that 
death from plague is essentially an acute «car&io-vas- 
cula.r paralysis», and Affleck (Edin. Med. Journ., 1907, 
has laid special stress upon the great risk of sudden 
heart failure in typhus fever.

The disease, however, in which this condition of 
acute csrdi ao failure hs« been longest known (see 
historical review by Romberg, loc. ci+) is typhoid 
fever. The early investigations on this subject were 
complicated by the confusion between typhoid and typhus 
fevers. At present the typhoid cardiac failure is 
perhaps net so prominent as that which occurs in 
diphtheria. This is due to the fact that cardiac 
complications are rather more prevalent in diphtheria 
because diphtheria is more common than typhoid.

In typhoid fever the circulatory disturbances 
usually occur at the height of the disease, when the 
condition is typically one of eardio-vascul: r paralysis. 
The clinical features bear a close resemblance to those 
in diphtheritic cardiac failure, and the lesions which 
have been found in the heart muscle are of the same 
nature as those which I have already collected with 
regard to diphtheria. In diphtheria the condition is 
essentially one of acute cardiac failure, but in 
typhoid /



typhoid it is rather one of great cardiac weakness, in 
many cases not amounting to actual syncope. This 
cardiac weakness may last a considerable time and re-
- stilt- in a protracted convalescence. The condition is 
similar in both cases, bit is more acute in the former 
than in the latter. In typhoid fever, therefore, I 
lock upon the condition, from the experiments which I 
have already described, as being one of acute supra-
-renal inadequacy, which, however, is not so severe as 
to cause a complete cardio—vascular paralysis. The 
involvement o f  the suprarenal glands not being so pro— 

-nounced as in diphtheria, the result is marked insuf
ficiency, but not complete absence of adrenalin, pro- 
educing, not complete cardio-vaseulsr paralysis, but 
prolonged loss of tone, indicated clinically by oardio-
- vascular weakness extending over a somewhat protracted 
period. Then the suprarenal glands are given suf
ficient time to recover from this strain, they again
supply the necessary amount of adrenalin to the cir- 

-culaticn, and the heart consequently regains its nor- 
-mal tone and recovery takes place.

Another disease in which heart failure is a s y r n p — 

"tom always to be dreaded by the physician is pneumonia.
It is well known that the condition of the heart and

■

vascular apparatus exerts a very great influence upon 
the /



the course of pneumonia, and that death in this disease 
takes place from heart failure and not from the changes 
5r the lung itself. The changes in the heart are not 
purely secondary to those in the lung, and by the ex- 
-periments which I have described in an earlier part of 
this paper, I have been able to demonstrate that 
suprarenal insufficiency takes place here, as in the 
ether infective fevers. I think that we must there
fore add acute cardiac failure in pneumonia to the 
other cases of death from acute suprarenal inadequacy 
following on sudden end unexpected strain upon the 
suprarenal glands which they are unable to meet. During 
or immediately after the crisis in pneumonia, when the 
temperature fails the pul°e rate often rises very high,, 
and becomes small and weak, the patient often being 
in a state of collapse. Krehl (loc. ait), who dis
cusses this condition, considers that it is the result 
of a "marked change in the condition of the vessels, 
such as unquestionably accompanies °uch a tremendous 
revulsion in the organism", but he states that the 
cause of this has never been satisfactorily explained.
I think we must look upon this condition as also re- 

■-sultirg from temporary suprarenal inadequacy. During 
the crisis a very severe strain is put upon all the 
resources of the pa+ient, which must result in a great-- 
-er strain being placed upon the suprarenal glands. 
Immediately /



Immediately the crisis in pant, this strain in removed, 
and a condition of temporary suprarenal insufficiency 
is produced, characterised by marked diminution in the 
cardio-vascuiar tone. The further course of the 
disease will depend upon whether the patient is able 
to recover from this temporary suprarenal inadequacy 
or not.

Sudden heart failure is unfortunately only too 
liable to occur after streptococcal, staphylococcal, 
and all septic 'conditions, and to give rise to great 
anxiety. The factor of suprarenal insufficiency plays 
a very important part in producing this result.

In fact, in all acute infective condition0-, of 
whatever nature, this factor i« one of much greater 
importance than has hitherto been generally recognised. 
It unfortunately plays a great rôle in influenza, in 
which affections of the heart are particularly liable 
to occur.

The condition is not, however, limited to acute 
infective diseases. In any case in which a great 
strain is placed upon the circulation, this suprarenal 
involvement takes place, and thus it plays an important 
part in poisoning by arsenic, phosphorous and other 
minerals. I have not myself seen a case of marked 
pigmentation from arsenical poisoning, but I have seen 
a case of pernicious anaemia with marked pigmentation 
and neuritis, obviously the result of the administra
tion of arsenic in too large doses. The result is 
not /



not, however, necessarily due to the arsenic, as the 
pigmentation may have been produced by the element of 
pernio ious an a era i a.

This feature is of great importance after pro
longed muscular exertion, or after any great strain 
thrown upon +he circulation, and the ultimate result 
in m c L  cases w i n  depend upon the power of the glands 
to reco v e r them^el ves.

The^e condition^ of suprarenal inadequacy may 
be considered under +he following healings :

(1j Sudden and Complete Suprarenal Inadequacy :
This is the condition present in diphtheria, beri 

beri and plague. Here the strain upon the glands is 
so severe that it leads to rapid exhaustion of the 
medulla and to cardio-vascular paralysis. Death 
from acute heart failure occurs at a very early stage 
in the disease.

( 2  ) Slow but Complete Suprarenal Inadequacy :
This condition is well Shown in many acute fevers 

c+" which pneumonia may be taken as a type. Here the 
danger of heart failure is not so acute as in diph
theria, but I have shown that the suprarenal glands 
are nevertheless seriously involved. Te must regard 
the /



the condition as in -one way producing 8 less severe 
strain upon the glands, and it will depend upon the 
degree of severity of this strain whether the supra- 
-renal inadequacy is complete or relative. The re- 
-sultant heart failu.re in this disease will not take 
place at such an early ®tage., and will be more easily 
recovered, from.

(3 ) Peiatjve Suprarenal Inadequacy :
Under this heading we may subdivide the condi

tions as follows :
(a ) Relative, followed by Complete Puprarensl 

Inade quacy :
This is the condition present in cases of diph

theria, typhoid, and such diseases, in which marked 
cardio-vaseulor weakness is present, and in which death 
takes place suddenly during the period of convales
cence from no known cause. A great strain has been 
placed upon the glands during the acute stage of the 
illness? and in con°ecu.ence marked cardio—vascular 
weakness occurs. This, however, is not so complete 
as to cau.se heart, failure ; it merely produce® great 
loss of tone, but during the convalescence the supra- 
~renai glands are not able to recover from this strain 
and there results a gradual diminution in their 
activity j



activity, culminating in ®udden heart failure.
( b ) Simple Relative Inadecueoy :
Under thi® heading we must include those cases in 

which there is an unduly long convalescence. This is 
often seen after typhoid fever, and the reason has not 
been at all understood. I think we must consider that 
the long period necessary for the recovery of the supra- 
'renal® i® an import.ant factor in such cases, which re
sult from a serious involvement of these glands. From 
this, however, they are able in time to completely re- 
-cover. It is not, impossible that the feeling of great 
uselessness which i® so often present after an acute 
attack of influenza i® due to thi® cause.

(c ) Relative, followed at a hater Period by Com
plete luprarenal Inadequacy :

Under this heading I propose to include case® of 
acute infective disease®, with marked cardio-vascular 
paralysis, from which the patient made a more or less 
complete recovery at the time, but subsequently devel
oped sympt cms of Addison'® disease. If the view whiel 
I have -expressed as to the importance of suprarenal 
insufficiency in these conditions be correct, it is 
obvious that esse® must occur in which serious cardiac 
involvement may be recovered from, but in which a ®ub- 

- sequent strain may prove too great for the already 
slightly /



slightly damaged glands. These consequently become 
gradually and progressively less able to stand the 
strain, and as the result of the gradual diminution 
ir their secretion, the clinical symptom® of Addison's 
disease develop. I have already discussed a case re
ported by Byrom Eramwell, in which Addison's disease 
followed several raon+hs after an acute attack of in
fluenza, and I have pointed out that, in this particular 
instance we may regard the influenza, as having at the 
time produced a relative suprarenal inadequacy from 
which the viands were able to recover when the acute 
stage of the illness was past, this recovery, however, 
not being sufficiently complete to enable them fully tc 
meet the demands made upon them by subsequent exertion. 
The clinical condition known as *Addison* e disease” 
therefore developed, and if the glands in such a case 
are examined after death, they would be found to be 
in a state of atrophy. Possibly many of the cases 
in which atrophy of the «mpraren&l glands has been 
found after death are to be included under this head
ing. It is not impossible that a severe strain such 
as this may produce deficient vitality of the gland®, 
end thus render than more liable to an attack of the 
tubercle bacillus, and ®o form a starting-point of the 
mo®t j



most typical lesion of all in Addi®on's disease, namely, 
tubercv.losi® of the suprarenal glands. A very typical, 
example of thi-s condition has been described by 5vans 
(Lancet, 1900, I, p. 1655), which would receive a re- 
-markably satisfactory explanation if the points above 
noted er*> clearly understood. The C3®e is that of a 
girl, seventeen year® of age, who developed typhoid 
fever on the' P 6th of February, 1S00. The disease ran 
a typical course and resulted in apparently complete 
recovery. On the sixth or seventh wekk afterwards, 
however, it was suddenly discovered that the colour 
of her skin had assumed a darked tone than before and 
that the patient was becoming weaker without any ap- 
-parent reason. The discolouration of the skin became 
more and more marked and ultimately showed the bronzed 
appearance which i® considered typical of Addison's 
disease. The pulse became weak, the blood-pressure 
fell, marked cardiac weakness developed, and on the 
19th of May the pa+ient gradually sank and died from 
asthenia. In commenting upon thi° case, Evans asks 
if there could not possibly have been some connection 
between the -sir®* and the last disease®, or "whether 
it was simply a ease cf a body debilited by a wasting 
disease becoming a suitable nidus for the invasion of 
the bacillus tubercvlosi®, if, as seems generally 
acknowledged /



acknowledged, that be the cause of Addison’s disease". 
He ®tstes that he had on many occasions thoroughly 
examined the psstient for tuberculous mischief, but 
could not detect any trace of it. I think we are now 
able to understand this ease, The patient had an 
acute attack of typhoid ; the strain resulted in a 
temporary exhaustion of her suprarenal glands, from 
which she was able to recover, but the glands had been 
sufficiently severely involved to undergo a permanent 
functional alteration, ®o that they ultimately became 
unable to meet the demands placed upon them after the 
patient had recovered her health. They gradually 
but progressively became less and less able to meet 
the demands made upon them, and thus the symptoms of 
Addison’s disease gradually developed. Had an oppor
tunity of examining the suprarenal glands been given 
in this case, they would probably have been found to 
be merely atrophied. There i® no reason to assume 
that any tubercular involvement of th® glands had 
taken place.

Cases of this kind could be multiplied from the 
literature, but I think it is unnecessary to do so in 
this instance. The examples given above illustrate 
in a most satisfactory manner the points to which I 
wish +o draw attention.

It is therefore not possible to draw a sharp line 

between j



between scute and chronic suprarenal Inadequacy. The 
former condition may produce the latter. In the 
typical clinical condition to which the term "Addison's 
disease" is applied, a gradual and slow destruction of 
the suprarenal glands takes place, and death results 
on an average, according to Hale white (loc. ci+.) after 
a period of less than two years after the onset of the 
symptoms. Many case® are on record, however, in whichj 
the disease ha® run a very acute course.

Lecky (Lancet, 1903, p. 439) records s case of 
Addison's di°ease in a man aged thirty-eight, who ap
pear s to have been in perfect health until the °9th 
September, 1905, when he wa® ®ent to Hospital as a case 
of rheumatic fever of one day' ® durat 1 or. He showed 
great weakness, low blootU-pressure and poor pulse, 3rd 
in Hospital he very rapidly developed a marked degree 
of pigmentation. All the®e symptoms increased at an

.
extraordinarily rapid rote, and on the 9th October he 
suddenly died, having been semi-comatose the day be
fore. It was afterwards found that both suprarenal 
glands showed tubercular fibre—caseous nodule®.

In thi® case the disease ran its course in eleven 
days, and as the pigmentation was marked, the diag- 
-nosis of Addison's disease was clinically well estab
lished. The case is therefore a well— authenticated
one, and it shows how very acute the course of a 

.typical /



typical can© of Addison's disease may bo.
A at ill better example of acute Addi eon's disease 

is exhibited by + he following cere, which was admitted 
into Dr Bruce’s ward in the Royal Infirmary here on 
the 5th February, 1910. The patient was a young 
woman of the age of twen+y-four. She was a basket-
maker, and according +o her mother, had been in perfect 
health until the 4th February, On the 3rd of February 
she went to her- work as usual, but returned home in 
the course of the afternoon complaining of headache 
and a feeling of great exhaustion. On the following 
day the headache became more intense, and she felt 
stil'j more +ired and perspired somewhat profusely.

As the condition did not improve next day, she 
came up to the Medical Waiting Room in a car, and was 
so we ah that she was unable to walh from the gate of 
the Infirmary to the Waiting Room.

Previous health : Patient had always been in
very good health except for cr excision of the Knee- 
joint which had been successfully carried out several 
years before. There was no history of any other ill—
r>poo t ■

Family Eis + oiy : Nothing to note. No tubercul
osis in any of the relatives.

Social conditions : The patient was a basket-
maher /



maker, and worked nine hour« a day. Apart from the 
fact that the room in which «he worked w a s  somewhat 
cold and the work steady, her conditions were not un
satisfactory.

Condition on admission : The patient was put
immediately to bed, She appeared bo be exceedingly 
exhaused end complained of pain in the lower epigastric 
region and of severe headache. The abdomen moved, 
freely on re«pirat ion. There was slight tenderness 
in the lower epigastric region. Pulse 1 2 0 : resplr- 
-at ions 20. There was no oedema, no cyanosis and no 
jaundice. There was «light pigmentation of the «kin, 
especially in the abdominal region. The heart sounds 
were normal. The chest was suite free from tubercular 
cr other mischief. The patient was carefully exam- 
-ined and no physical signs to be specially noted could 
be detected. The whole condition was one of extreme 
exhaustion, with cardio-vascular and muscular weakness 
and slight pigmen.tation.

The patient was given strychnine and whisky and 
was attended to in the usual way, but she steadily 
sank, the cardiac weakness increasing very rapidly.
She died suddenly on the morning of the 7th of February.

At the autopsy it was found that both suprarenal 
glands showed marked pathological changes. The right 
gland /



gland was replaced by a caseous mass, which on micro
scopic section exhibited a somewhat indefinite fibrous 
structure in which the remnants of the suprarenal tis- 
-sue could only just be detect ed. The left suprarenal 
gland was not so seriously involved as the right, and 
although it also showed a marked tubercular fibro- 
caseous change, there was a considerable amount of 
glandular tissue still present.

The diagnosis of acute Addison's disease was there 
fore confirmed by the post-mortem examination, and we 
have here one of the most acute cases of Addi«on's 
disease on record, namely, of t, hr e e d ay s1 dii ra 11 o r .

I think we are quite justified in calling this 
ease one of Addison's disease, because the clinical 
symptoms were sufficiently definite, but the clinical 
symptoms of acute heart failure after the various in
fective fevers and other condition« which I haw? just 
discussed, only differ from a case such s« this in the 
absence of pigmentation. We must therefore look upon 
the whole series of cases which I have mentioned, above 
as representing various grades of suprarenal inade
quacy. Starting with the acute suprarenal inadequacy 
of the acute infective conditions on the one hand, and 
passing through the various grades of relative and 
chronic suprarenal inadequacy, we reach the extreme 
type to which the name »Addison's disease” is at presen 

applied /



applied. These are all types of the same condition, 
with gradual transitions between each separate grade.

The indication a« regards the treatment of these 
conditions is thus very clear. We must give surra— 
-renal extract, or adrenalin in some form to replace the 
deficiency. Unfortunately this is not an easy matter 
because, as we know, the effect of adrenalin is of 
short duration. Many writers have, however, pointed 
out that ite administration does good.

Holiest on (Montreal Med. Joura., ISOS) has found 
it of great use in brcncho-pneumonis in children.
But i er (Lancet, IS OS) considers that lie saved the life 
of a child aged ten, suffering from pneumonia following 
measles, by the hypodermic injection of adrenalin.
Meyer (loe. cit.j has found adrenalin of great value 
in cardiac failure in diphtheria. Ho sky n (Brit. Med. 
-assoc., South Africa) reports great benefit from ad— 
-renalir. in plague. There is thus a considerable 
amount of evidence to ghow that adrenalin is actually 
of value.

The therapeutic problem is to discover in what 
way adrenalin can b e s t  be administered. It may be 
given in four ways :

(1) By intravenous injection :
Intravenous injection of adrenalin is 

scareely j



produces temporary glycosuria. This shows itself in
about two hours after the injection, and may last for

.

a period of 24 to 48 hours. The second factor is 
that adrenalin on hypodermic injection constricts the 
arterioles locally, and thus prevents absorption, and 
as it rapidly undergoes decomposition in the tissues, 
it is somewhat doubtful if it is absorbed in suffi- 
-ciert quantity to be of real value. It has certainly 
done good in some cases, and possibly if some small 
vein be injured near the «eat of injection, it may be 
absorbed and thus prove benfioiei.

3. Cra1 Adm1n1«tra +1 on : Both adrenalin
chloride and dried extract of the gland may be given 
by the mouth. I think they prove of value, as ad- 
-renalin is no t digested by the gastric juice and 
possihiy a slow absorption may take place, which is 
ail that we desire.

Adrenalin must not be given in large quantities 
by the mouth, because it will constrict the vessels 
end produce patches of local anaemia. I "think that 
possibly it is better to give the dried extract by 
this method, and if the object is to replace a gradual 
progressive insufficiency of the gland, it mu=t be 
given in large uanti+ie« frequently repeated. A« in 
these /



scarcely to be recommended. It produce? a rise in 
blood—pressure which win throw more work upon the 
heart, but I am not sure that this actual improvement 
of the heart's action does not at the same time more 
than compensate for thi«. Possibly in extreme cases 
of syncope it may be of value, but it must be given in 
small (loses only. Large doses produce a pulmonary 
oedema with a rapid fatal termination, and still lsrge^ 
doses, may result in instantaneous, heart failure, as 
adrenalin is a general protoplasmic poison. I have 
found this too frequently in experiments on animals, 
and I wish to lay special emphasis upon the fact that 
intravenous injections of adrenalin must be given in 
small quantities. if given in too small quantities,

|however, it may apparently produce vaso-d.ilato.tion, 
and whether this will be of benefit to the patient or 
not is a matter of doubt. So that great, cars and 
discrimination is required in the administration of ad— 
-renalin by this method.

2. Siibcut,aneous In..1 ection : Subcutaneous in
jection of adrenalin is of undoubted value in some 
case°, but there are two factors which must be taken 
into consideration in this respect. first of all, we 
must remember that hypodermic injection of adrenalin 
produces /



these varies the defi ciency is progressive, I doubt if 
it will ever be. possible to completely replace thin by 
the dried gland given by die mouth in the same satis
factory way in which wejcan replace the deficient thyroi 
secretion in rayxoedema.

4. Pectai Admini^trs tj on. : In April of last
year I had an opportunity of laying this work before 
Sir Lauder Brunton, who told me that he considered that 
satisfactory results might possibly be obtained by the 
administration of adrenalin by the rectum, as slower 
absorption might thus be produced. I have attempted 
this on several occasions since then, and am inclined 
to think that the results have been good. The ques
tion, however, requires a great, deal of further in
vestigation before it is possible to make definite 
statements in this direction.

d



SUPRARENAL INADEQUACY IN 
DISEASES IN MAN.

CHRONIC



TH17 SUPPAPi’KAL GLANDS IN CHPONIC DISEASE.

The examination of +he suprarenal glands in man 
obtained at the post-mortem room, and studied by 
means of the bichromate «tain for the presence of 
adrenalin in the cells of the medulla, does not 
yield reliable results; and it is often very difficul 
to determine the relationship o" the condition of 
the suprarenal glands to the primary disease
from which the patient was suffering, as an 
exhaustion of the suprarenal glands may be produced 
by one or more of the following factors;-

(1), post-mortem changes.
(2). ■ the act of dying;
(3). exhaustion before death;
(4), secondary intercurrent disease.

It will thus be evident that the condition of the 
suprarenal glands after death and the primary 
disease from which the patient was suffering, need 
not necessarily bear any relation to each other.

This is the reason why accurate knowledge 
of these points can only be obtained from careful 
experiments upon animals, where these four factors 
may be excluded, and where the cau.se of death and the 
condition of the suprarenal glands after death may 
be accurately interpreted.

I have, unfortunately, not been able to obtain 
and examine the suprarenal glands in a case of death 
from acute cardiac failure in diphtheria; nor in 
cases of arsenical pigmentation; but I have been 
successful in obtaining and examining the supra-



renal glands in three oases of pneumonia very 
shortly after death.

The «¡uprarenal glands in the following eases were
examined by Kohn’s bichromate stain, in the manner
already fully described. I have already pointed out 
thatAcells containing adrenalin ®tain yellowish-brown 
with this stain, and that the depth of the colour 
may be taken as a guide to the amount of adrenalin 
present in the cells. And results obtained by this 
method are as reliable as those obtained by the 
intravenous injection of extracts from such glands 
into animals. I have not used the blood pressure 
method in an?/ of the following cases, as I obtained 
the suprarenal glands, in many cases under great 
difficulty, and under conditions which did not 
permit of the performance of blood pressure experi
ments at the time of removal of the glands. And 
these are not really required, as the bichromate 
staining method gives us all the information we 
require, and a+ the same time is absolutely reliable

There are seven cases to which I specially wish to 
direct attention, each of which presentv certain 
typical and characteristic features, and in which 
the clinical history and the early removal of the 
suprarenal glands after death, render the results of 
value.

These/



These eases consist of;-
(1). Broncho—pneumonia;
(2). Pneumonia (three days duration only).
(3). Pneumonia with pericarditis.
(4). Pernicious anaemia (with very marked

pigmentation).
(5). Phthisis, (with marked pigmentation).
(6). Carcinoma of the descending colon,

(with marked pigmentation).

( T ). Broncho-pneumonia.
Patient; male, aged 28.

Patient was admitted to Chalmers' Hospital last 
September, and was found to be a very typical 
case of broncho-pneumonia (not tubercular). It 
resulted from a severe wetting which he got 
while .at camp, and to which he did not pay 
special attention. He rapidly developed bronehit: 
asthma and finally broncho-pneumonia.

lie showed a typical swinging temperature, 
and did not improve under treatment, dying very 
suddenly one morning at two o'clock after having 
been raised by a nurse to give him a drink.

T’jjf» evening before death his temperature 
was 104, his respirations 44, and his pulse 140. 
The blood pressure wa° low.

The autopsy was performed on the same 
morning /



ten hours after death, and I care/fully removed the 
suprarenal glands myself. They were placed in bichrom- 
-ate for 24 hours, and then transferred to gum, and 
later frozen and cut.

The medulla showed complete absence of any 
yellow staining reaction; i.e. it was quite devoid 
of adrenalin.

(2). Pneumonia.
Patient, male, aged 42.

This case was simply an ordinary typical lobar 
pneumonia. The patient caught a cold while out 
fishing, to which he paid no attention, but 
which developed into a very acute pneumonia.
He did not respond to treatment and died on the
morning of the fourth day.

The suprarenal glands were removed eight 
hours later, and were placed in bichromate in 
the usual way for 24 hours, and then transferred 
to gum, frozen and cut.

The medulla «hawed complete absence of any 
yellow staining reaction, i.e. of adrenalin.

( 3). Pneumonia



(*o )

le,

Pneumonia, with pericarditis.
Patient, male, negro; aged 22.

Patient was the 'chief warrior' of the Somali 
settlement at the Marine Garden«5, Leith.
He was sent into Chalmers' Hospital in October, 
as a case of pneumonia. Or. admission he was 
found to be a well-developed man, Sfeet 5 inches, 
with complete consolidation of his left lower lob 
and with marked pericardial friction o^er the 
sternum.

On the following day, his left upper lobe, and 
right lower lobe showed evidence 0f consolidatio 
and in the evening it had spread to his right
upper lobe. He died, somewhat suddenly, at
9.30 the s am e ev en ing.

The autopsy was performed next morning at 
10.30, i.e. 13 hours after death. I removed 
both suprarenal glands myself, and found that 
the medulla did not take the bichromate stain,
i.e. the cells contained no adrenalin.

n

(4 ). Pernicious Anaemia; (with marked pigmentation).
The special interest attached to this case, 

is on account of the fact that it is cases of thii 
type which first led Addison himself to Investigate 
this subject.

The clinical history is interesting;
The patient was a man, aged 52, who was sent
t o ]



to the hospital with a diagnosis of "Addison's 
disease", on account of the marked pigmentation 
which he exhibited. His other clinical symptoms 
were also characteristic of the disease. An exam- 
-ination of his blood, however, showed a marked 
degree of pernicious anaemia (red blood corpuscles 
2,900,000 and haemog1obin 55$ colour index 1.2)
The diagnosis was accordingly altered from 'Addison's 
disease' to 'pernicious anaemia', and he was regarded 
as ' one of those cases of pernicious anaemia with 
marked pigmentation' which are usually considered to 
be clinically distinct from Addisonian pigmentation.

His symptoms had come on gradually, and were of 
about six. years duration. He was given arsenic, but 

made practically no improvement, and died after 
four months treatment, having become gradually 
and progressively weaker.

I was naturally particularly anxious to examine 
his suprarenal glands, and was fortunate in obtaining 
permission to do so. They showed no marked lesion
to the naked eye, except that they were distinctly
smaller than ouual, and obviously were of the type
which are usually included under the heading of '.a,tJI2.¿
There was no evidence of tuberculosis in any organ.

I placed the suprarenal glands in bichromate 
for /



24 hour*, and after transferring to gum in the usual 
way, freezing end cutting sections, I found, not to 
my surprise, that the cells of the medulla had 
entirely failed to stain with the bichromate solution 
and therefore contained no adrenalin.

The case was thru one of both Addison's disease 
and pernicious anaemia, the pigmentation being true 
Addisonian pigmentation and resulting, undoubtedly, 
from the exhaustion of the suprarenal glands, which 
I was successful in proving had actually taken place

5). Phthisis (with pigmentation).
Patient, male, ages 48.

Through the kindness of Dr, Shennan, I was 
permitted to remove and examine the suprarenal 
glands from a large number of cases in the post—mo 
room of the Royal Infirmary, Edinburgh; and I 
came in contact with the following case accident'
— ally. As I did not see it until I happened to 
find it at the post-mortem table, I am unable to 
describe the clinical symptoms from personal 
knowledge; but according to the record of the 
case, the patient had suffered from lung trouble 
since he w a s  a child, the condition becoming 
more acute during the last five years.
T1he /



pigmentation was very wen marked upon the chest and 
abdomen, and also upon one side of the face, and on 
the calf of his left leg.

The autopsy was performed IT hours after 
death, and I removed the suprarenal glands myself.
They were distinctly smaller than normal, but showed 
no trace of tubercle. They were obviously 'atrophied

I placed them at once in Bichromate solution, 
and after treatment in the usual way, I was very 
greatly pleased to find that a careful examination 
failed to show any trace of a yellow staining reaction, 
demonstrating quite clearly that the cells had been
completely exhausted of all their adrenalin.

We are therefore justified in concluding that the 
above pigmentation wa* of the "Addisonian type".

(6). Carcinoma of the descending colon, with marked 
pigmentation.

Patient, male, aged 52.
Thi° patient was sent to Chalmers' Hospital 
last July (1910 ), from the forth of Scotland, 
with a palpable tumour on his left side, in 
the hope that it might be possible to remove it 
surgically. He arrived at the hospital in s. 
state of great emaciation and weakness, 
renderir g /



tlie mere possibility of operation out of the 
question. He exhibited a very marked degree of 
secondary anaemia (red blood corpuscles .2,350,000) 
and marked irregular patches of pigmentation upon 
the chest, abdomen and both legs, the general 
colour of the whole skin being also very much 
d a rk er th a n u su si.

He became progressively worse, and died 18 
days after being admitted to the hospital.

The autopsy was held seven hours after death 
and I removed the suprarenal glands myself; they 
did not show any marked alterations to the naked 
eye, and did not appear to be much smaller than 
usual.

On bichromate staining, they gave a negative 
result, the cells of the medulla being unco loured 
by the stain ,and therefore containing no adrenalin. 
This pigmentation, may thus also be considered to be 
of the type of "Addisonian pigmentation".

Through the kindness of Dr. Shennan, I have been 
able to examine the suprarenal g l a n d s  from a large 
number of cases, and have found great diminution in 
the quantity of adrenalin in the suprarenal glands in 
a large number of different conditions. Tne great 
difficulty, however, is to obtain the suprarenal 
glands /



sufficiently early after death to exclude the pos- 
— sibility of the absence of adrenalin being the 
result of post-mortem changes. This is one of the 
great difficulties, as absence of adrenalin from 
the suprarenal glands which have not been removed 
from the body before 84 hours after death, cannot 
be relied upon.

one point
There is, however,, which I have quite satisfied 

myself about, and that is that in all chronic wast ing
diseases there is a great diminution-in the amount 
of adrenalin present in the suprarenal glands, as 
shown by a faintness of the bichromate staining 
action. But to attempt to determine the amount >f 
adrenalin present in the suprarenal glands in these 
various conditions would not be profitable as there 
are too many factors involved in the production of 
this degree of exhaustion of the suprarenal glands 
to allow of any accurate interpretation being placed 
upon the relation of the primary disease from which 
the patient died, to the amount of adrenalin present in
the suprarenal glands after death.

I have, therefore, not included a list of the
oases in which I have found marked diminution in 
the amount of adrenalin present in this monograph, 
but have contented myself by stating that marked 
diminution in the amount of adrenalin does actually 
occur In such conditions.



Discussion.
The feature which is usually considered most char— 
-scteristic of Addison's disease is 'pigmentation'. 
Advanced and well marked cases are thus almost alway^ 
easy to diagnose, hut in the early stages, and in 
cases where the pigmentation is not well developed 
the disease is often missed. According to Rollestor. 
(Clifford Allbutt's System of Medicine) "Addison’s

Hdisease is usually not recognised, if pigmentation 
be absent, until it is revealed post-mortem". He 
regards pigmentation as the most objective sign, 
and therefore as the one which most frequently 
rouses suspicion of Addison's disease. But 
"Addison's disease” in the strict sens» of the word, 
is the result of a gradual and slow destruction of 
the secreting cells of the meduiis of the suprarenal 
gland, and death does not occur until the greater 

part of the gland tissue is completely destroyed. 
Hence the disease is essentially a slow, chronic 
process. Pigmentation requires time to develop, 
and in acute cases of Addison's disease it does not
form a prominent feature.

If is almost always pointed out that this 
pigmentation, which is characteristic of Addison's 
disease must be carefully distinguished from tn«au 
which is often found in other diseases, mostly 01 a 
chronic /



nature. Kale.White (Clin. Jour., 1908, p. 354 )
discusses this question of pigmentation and points »»
out that the pigmentation of Addison's disease must 
be carefully distinguished from that of pernicious 
anaemia, arsenics! poisoning, that occasionally 
found in "bronzed" diabetes - a rare condition -, in 
malignant disease, in advsneed tuberculosis. and in 
similar conditions." This is the general attitude to 
-wards the presence of pigmentation in other diseases 
than Addison's disease, i.e. the pigmentation must be
carefully distinguished from Addisonian pigmentation.

I think we are now in a position to realise that 
this pigmentation is of essentially the same nature af 
that which occurs in Addison's disease, and that the 
occurrence of pigmentation in chronic wasting disea^ef 
is to be regarded as a sign of relative suprarenal 
inadequacy and is of the same origin and nature as 
that characteristic of Addison's disease.

T have never had the opportunity of seeing a 
marked ease of arsenical pigmentation. It is worthy of 
note that in the epidemic of arsenical poisoning 
among beer—drinkers in Manchester in 1900, a number of 
cases were first diagnosed as Addison's disease on ace 
of the marked pigmentation present. And the prolonged 
use cf arsenic in chorea and anaemia may lead to a c . 
pigmentation which may have much the same distribution 
as that of Addison's disease.

In /

unt



In argyria the distribution of the pigment and the 
colour of the «kin are not the same as in Addison's 
disease The exposed parts of the skin are chiefly 
affected and the silver is deposited, between and 
not in the cells, and the colour is first grey, and 
subsequently blue.

Id exophthalmic goitre the skin may become 
so pigmented that a diagnosis of Addison's disease 
combined, with Graves disease may be suggested; a fact 
which is quite justified since thyroidectomy and 
excessive thyroid feeding in cats can both produce 
exhaustion of the suprarenal glands, as i have shown 

in an earlier part of this paper.
The pigment at :i on which may be found in 

chronic pulmonary tuberculosis may be so marked as to 
closely resemble that of Addison's disease, and Boinet 
(Rev. de Med. I8S7) has actually applied the term 
" Addisonisa" to such pigmentation, and has suggested 
that adrenalin is the proper treatment.

But apart from the question of pigmentation 
cardio-vascular and muscular weakness, asthenia and 
low blood pressure are also very characteristic of 
all chronic diseases, and we now are in a position to 
associate these symptoms with an exhaustion of the 
suprarenal glands, and subsequent deficiency of adrenalin, 
and to realise the great importance played by the 
suprarenal glands in chronic diseases, as well as also 
in the more acute types, and to realise that the te^m 
Addison's /



Addison's disease is merely applied to the most chronic 
of the affections of the suprarenal gland in man.

X have succeeded in examining the suprarenal glands, 
in two cases pf Bright's disease with "»t"r high 
Mood pressure which could, net be reduced by any of 
the usual methods.

In both cases I found, that the suprarenal 
glands did not stain well with potassium bichromate, 
and that the cells of the medulla were in a state of 
partial exhaustior..

High blood pressure in Bright’s disease is 
not therefore, related to an increased quantity of 
adrenalin in the circulation. In such conditions, tnere 
appears actually to be a diminished quantity; and there 
i° no evidence to associate permanent high blood 
pressure with functional increased activity of the 
supr arena1 glands.



EXHAUSTION OE OTHER INTERNAL 

SECRETING GLANDS.



In ''he preceding pages I have discussed very fully 
the question of exhaustion of the suprarenal glands in 
disease, and 1+ s causes. I have shown that the con
dition which we usually know as Addison's disease is 
merely the more chronic process of a condition which 
is far mors frequent than has ever yet been recog
nised., and that exhaustion of the suprarenale may take 
place under a very large number of conditions. In 
fact, any condition throwing a strain upon the cardio
vascular apparatus tends to exhaust tie glands, and 
the power of the organism to react to this strain de
pends simply upon, whether the suprarenal gland has 
sufficient power to respond to the stimulus, or 
whether in doing so it becomes exhausted.

The problem which I now wish to discuss is Whether 
the suprarenal gland is the only gland which suffers 
in c on sequence of any severe strain upon the organism.

There are two other internal secreting glands 
which are of the utmost importance to the organism, 
and the removal of which appears to be fatal. These 
are the parathyroid glands and the pituitary gland.
The function of the parathyroid gland we unfortunately 
do not know. The parathyroid glands are four in 
number in the cat. Removal of two of these need pro
duce no effect; removal of three is occasionally 
fatal, occasionally not, but removal of four is

invariably /



invariably fatal in an exceedingly short time.
Are the parathyroid glands affected under condi

tions in which the suprarenal gland becomes exhausted ? 
This problem is a very difficult one to answer. We 
cannot make an extract, from the parathyroid glands and 
inject it into animals and study the effects, because
(l) the parathyroid glands in animals such as the 
rabbit, guinea-pig and cat, are too minute to supply 
a sufficient quantity of internal secret ion to produce 
any marked physiological effect, and (2) studies upon 
the extract- of parathyroid gland in larger animals 
have not produced any physiological reaction which may 
be regarded as an indication of the functional activity 
of this gland. That the parathyroid glands secrete 
an internal secretion is obvious from their structure, 
and front the results of their removal, but we are not 
in a position to experiment upon these glands and to 
draw physiological conclusions in regard to their loss 
of function by injections into animals. There 1» one 
method, however, which appears to me to be of value 
in. considering the function of these glands, and that 
is as follows : If the parathyroid glands be exarn-
•Ined histologically it will be found that a large num
ber of the cells are filled with oxypliile granule«. 
These have been described by various observers. In 
the /



the healthy animal they are very easily seen in the 
cpllR. how, I have studied these glands in many of 
the animals which have been used in the previous ex
periments, and in conditions where the suprarenal 
glands are markedly congested, I have found that the 
parathyroid glands also become markedly congested, and 
tin t these granules disappear from the cells. i am 
inclined to regard this as a sign of exhaustion of 
the parathyroid glands similar to that of the supra
renale. So far as I an aware, this is the only evi
dence which I can bring forward in support of this 
view, as I did not even attempt blood-pressure ex- 
périments.

Pituitary
The other important internal secreting gland which 
may he studied in regard to its effect is the pitui
tary. In this case we are able to investigate the 
problem by means of blood-pressure experiments upon 
animais. I have not yet carried out very many of 
these, but those which I have done have given very 
marked, positive results. In animals in which great 
congestion of the suprarenal glands occurs in conse
quence of some acute infective or other condition, 
great congestion of the pituitary gland also t*kes 
place. Both the anterior and posterior lobes show

this /



this congestion. In the anterior lobe most of the 
granules disappear from the cells, indicating a 
condition of exhaustion. In the posterior lobe no 
microscopic change® of importance can be detected, 
beyond, very intense congestion of all the vessels, 
similar to that which I have already described in 
the suprarenal glands under similar conditions.

Fortunately, however, our knowledge of the 
physiological action of the posterior lobe of the 
pituitary body may be studied by the injection of 
extracts intravenously into animals, if this be done, 
tl ere will be found, first a marked rise or fail in 
blood, pressure, and a marked increase in the amount 
of secretion from the kidneys, which may be assoc- 
-iated with either a ri°e or fall of blood pressure, 
and is the result of a direct action upon the renal 
epithelium.

I have investigated this question in the case of 
a cat, which had been killed by diphtheria toxin, and 
found that the extract prepared from the pituitary of 
this animal was inactive upon intravenous injection, 
both upon the blood pressure and upon the kidney.
(See tracing). It would thus appear that the 
pituitary gland also becomes exhausted under the 
same condition® as the suprarenal glands but the 
matter requires further investigation.

I should, however, like to direct attention to 
this point; in acute infective conditions, diminished,
kidney /



secretion 1° usually found; and in those very diseases 
in which acute cardiac syncope is °uch a dreaded 
complication we also find a liability to sudden 
attacks of nephritis. I should like to suggest that 
there may possibly be some relation between the 
exhaustion of the pituitary body, and the activity 
of the kidney in these conditions, but the matter is 
merely put forward as a suggestion of a line of 
further work.



CONCLUSI OHS.



CONCLUSIONS.

(1). In acute diphtheritic toxaemia the suprarenal
glands become red, swollen, congested and 
contain no adrenalin.

(2). In the less acute types of infection the
structural changes in the gland become less 
marked, but the exhaustion of the adrenalin 
is ^usually complete.

(3). In the more acute types of infection the glands
may become extraordinarily congested, and may
contain a small quantity of adrenalin.

Owing to the extreme congestion of the glani,
however, the effect upon the circulation, is to 
produce an absence of adrenalin although a small 
quantity may be blocked up in the gland.

(4). There is no interaction between adrenalin and
diphtheria toxin, nor between, diphtheria 
toxin and adrenalin.

(5). There i® no interaction between an emulsion of
suprarenal gland and diphtheria toxin.

(6). In diphtheria toxaemia all the chromaffine tissue
in the body may lose its adrenalin.

(7). Exhaustion of the medulla of the suprarenal gland
i® not limited to diphtheritic toxaemia, 
but may occur in. pneumococcal, typhoid and 
similar infective conditions.



(8 ). Exhaust ion of the suprarenal gland may also occur 
after ricin poisoning, after various mineral 
poisons, and even after-any condition throwing 
a severe strain upon the organism.

(S). Exhaustion of the medulla of the suprarenal gland 
may be produced by continuous stimulation of 
the splanchnic nerve.

(IC). The cortex of the normal suprarenal gland 
contains,-

(a), fat globules,
(b). a doubly refractive substance.

Exhaustion of the suprarenal gland causes an
absence of the doubly refractive granules, an 
the fat globules spread all over the cortex.

The cells of the cortex never stain yellow with 
bichromate.

(II). The medulla of the normal suprarenal gland
stains yellow with solutions of bichromate. 
i?gt is never present in the cells of the 
medul1a.

Exhaustion cf the suprarenal gland causes a 
gradual diminution of the yellow stain, 
and, if acute, is accompanied with haem- 
-orrhagic dilatation of the blood vessels.

The yellow staining reaction with bichromate
solut j ons is absolutely typical ot adrenalin 
containing /



containing cells, and is as reliable a guide to the 
amount of adrenalin in the cells as blood' pressure 
experiments upon animals.

(12). Slight fatty degeneration may be found in the
fibres of the cardiac muscle of the 
apparently healthy guinea-pig.

Incubation of fresh cardiac muscle and diphtheria 
toxine does not, produce fatty degeneration of 
the heart muscle fibres.

Patty degeneration of the cardiac muscle fibres 
in diphtheritic toxaemia in the guinea-pig 
does not produce fatty degeneration before th$ 
fourth day, and even then it consists of a 
very fine diffuse type.

(13), Removal of the stellate, superior mesenteric
and inferior mesenteric ganglia does not 
lead to death.

Removal of the suprarenal glands leads to death 
from heart failure in 24 to 48 hours.

The 'tone' of the oardio-vaseulsr apparatus
is maintained by the continuous supply of 

- adrenalin from the suprarenal glands, and 
does not depend upon an intact sympathe 
nerve supply•



(14). The close relationship between the tone of 
the oardio—vascular apparatus and the 
amount of adrenalin present in the circulation 
is shown by the fact that if adrenalin be 
continuous run into the circulation, the 
blood-pressure will remain high as long as 
the adrenalin is passing in; immediately thé 
supply ceases the blood pressure again falls 
to its original height, and different 
amounts of adrenalin will produce different 
degrees of blood pressure.

15). The exhaustion of the suprarenal gland which is 
found in any condition in which a prolonged 
strain is placed upon the organism is the 
result of the prolonged nervous stimulation 
of the suprarenal gland in its attempt to 

maintain the Increased tone of the oardio— 
—vascular apparatus (rapid heart action, etc 
arising from the acute infective and 
other processes.

(16). The equilibrium between the amount of adrenalin 
secreted by the medulla of the suprarenal 
glands, and the tone of the cardio-vascular 
apparatus is maintained by an axon reflex.

This axon reflex is a p o s t -ganglionic axon
reflex, one branch of the fibre terminating 
in the vessel wall, the other in the medulla 
of the suprarenal gland.



Any dilatation of* the êŝ .gip supolies the
necessary stimulus to produce this reflex,
which results in a stimulation of the
secreting cells in the medulla. This will 
restore the tone of the cardio-vaoeuiar 
apparatus, and a state of equilibrium will
again he produced.

If the strain placed upon the suprarenal glands to 
maintain the tone of the circulation be 
greater than it can supply, then the gland 
will lo0oorn6 ftxl 1 î  1 ̂b ftnd the "̂ eê it "'.n)ô 
the circulation must be a progressive 
cardio-vascular paralysis, terminating in 
depth.

(I*7). Acute heart failure in diphtheria, pneumonia, 
typhoid and «nch conditions is therefore 
due to suprarenal inadequacy.

(18). I have then discussed the condition of Addison’s 
disease in man, and shown that the above 
evidence affords us a complete explanation
of the nature of

(a), the lesion in those cases
where no tubercular or 
carcinomatous condition 
is found in the suprarenal 
gland;



( 19 )

( 80 )

( 81  )

OO )

), '.Le changes in the sympathetic nerve cells In 
the sernilunar ganglion.

. I have also shown that the reason why the 
treatment of Addison's disease with 
suprarenal extract is s0 unsatisfactory 
is because we £rp not able to supply a 
continuous quantity of adrenalin.

. I ha*re then discussed the problem of acute
heart failure in man, and its treatment.

, I have then shown that the pigmentation, low 
blood pressure and asthenia found in °o 
many chronic wasting diseases in man, 
is the result of suprarenal inadequacy.

Suprarenal inadequacy thus becomes a problem of 
the greatest importance in disease; and 

the condition which we now term ”Addison's 
disease”, is merely the most chronic type 
of this condition.

have al°o shown that an exhaustion of the 
parathyroid and the pituitary glands 
also appears to t^ke place under similar 
conditions to that which produces an 
exhaustion of the suprarenal glands.



SUMMABY.



SUM Y Aï? Y.

Any condition which entails a severe strain upon the 
organism, such as an acute infective fever, etc. is 
liable to produce an exhaustion of the internal 
secreting glands.
As these internal «secretions are necessary for life 
a temporary exhaustion of these glands must- result in 
sudden death.


