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The fact that they contain large nuc
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it would constitute an additional factor in this organ’s

were,

physiological functions.
To which of the two pancreatic active structured can we

hypothetically ascribe the formation of the glyeolytic enzyme?
Laguesse®™ has ascribed this function to the islands of Langer-
hans. That these structures underlie some physiological proc-
ess in addition to that already analyzed by us is undoubted.
lei shows that they are
physiologically active. “The cells composing the islands re-
cemble those of the acini,” says Opie; “they have a large,
round, occasionally oval, vesicular nucleus and a conspicuous
cell-body.” They must produce some ferment or its zymogen,
for Ssobolew found that feeding animals on carhohydrates
caused them—i.e., their protoplasm—to become granular.
This is indirectly confirmed by the fact that these bodies are
often found diseased in diabetes. They had entirely disap-
peared in two of Ssobolew’s cases, In a case of Opie*® hyaline
-metamorphosis was strictly limited to the islands of Langer-
hans the glandular acini remaining intact. Flexner® refers
to this cause of diabetes as follows: “That it depends upon an
internal secretion supplied by the pancreas to the blood is
highly probable. Whether this hypbthetical secretion is the
product of the cells of the islands of Langerhans is unproven.”
The data bearing upon this source of diabetes are very
few,—an unfortunate fact, since these particular structures
seem to us to play the predominating role in the production
of glycosurias of pancreatic origin, nOW that we have ascer-
tained that they are, through their ampulle, the only thor-
oughfares for the splenic ferment. Stll, can we, with Laguesse,
now consider them as the source of a glycolytic ferment? Were
we to admit this possibility, we would find ourselves obliged
to concede that the pancreas supplies the intestinal tract with
a glycolytic ferment besides an amylolytic ferment, and we
would have, as a result, the formation of maltose from food-
ctarches and its immediate destruction by the glycolytic fer-

————

85 Laguesse: Lo cit.
36 Opie: Journal of Experimenta
# Flexner; University of Pennsy

1 Medicine, March 25, 1901,
lyapia Medical Bulletin. Jan., 1902.
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ment, thus annulling the very i i
S itemind, g the very important functions of sugar in
Sourci’c 1fs plain that. the islands of Langerhans are not the
- nevo i} glycolytic ferment. Of course, Professor Lépine
> Sil;; 1lat we know of, sustained this view, his eontenl’zion
1‘_ermgent E'y} that t.h_e normal pancreas contains a glycolytic
. Contm\lv 1(;, L finds its way into the lymph and blood iﬂ.whuich
rols the consumption of su i ’ ‘
o . : gar by the tissues. i
:pf)zm;;ntal evidence, in the light of our viewsssh::;;dtgs
z . . a S
Substancee (:Iase31 since it all goes to prove that the oxidizing
. W 1r]1ja : enters the pancreatic cireu'ation is a g]veotj
Lk ﬂ\ie Orélézifoesllnottmean that it acts therein as sﬁcil'
d, the nic cells at once take up its oxygen f ir
z;viﬁsf;nctmnal interchanges, the blood returningvg) theoz ;f:;”'
o h;igo:zplllgf. tBli]lt i; s nevertheless obvious that I?épinz
: > entally found, as he says, a glycolyti
E;nif; 1}1 t_l;e panlcreatie blood. All we show:v, thefe%fssgtil; tfif;fz '
P ]3‘1184; g ;,}fleolytm ferm‘ent ig probably the oxidizing s&bstance
Cumstam: y should disease of the pancreas under these éir:
i }S. mcre:asle ‘the proportion of sugar in the urine:
» ;'e g} 110;1 Lépine aseribed to decrease of sugar destrué’;' .
0 the fact that “these lesions de tho
_ : crease the
_;giyzglyﬁc ferment in the economy”? From zuimg;idoi'thte
subst;l}';rse,‘ th.e adrenals are the original source of the ozigi:rlii ;
e tee‘. t.e., adrenal secretion plus oxygen. But does %h'g
4 11.1t 11(1i an equally satisfactory manner for .glycosurials
i I?d;gd u;es 8 very important feature of the entire analvsis-
e, earing upon th i o
. diab,ete& g upon the pathogenesis of all forms of pan-
W .
3 ]'SYE (I;ave previougly referred to the fact that disease of
cau,g 1L.an s of Langerhans had been found to be a prdmin t
0 piea }11;3 fa.;‘ior o{f diabetes by various pathologists, and t}i];t
witnessed a case in which these i :
E . | : ese islands alone were dis-
wg;?, ou;‘l‘hés obviously points to the fact that, if in acco:danfe
4 S(aﬁfﬁi H(:w the ampq_dlaa of the islands are the pathways of
Either_ ,.t—h erzen sp.lemc substance to the ducts, we are dealin
. .trv:fl - obstructlon. or impaired conversion of trypsino eﬁ
: min}dpsm, or 1-ooth simultaneously. If, bearing this featire
, we review the list of pancreatic diseases that cause
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it will become apparent t}?at thesev two Sf?etzziczﬁ’
count for the phenomena observ'ed in many ;aszri.glandular
: i rpertrophy, tumors, 1:1(1'1411%,&'1011f and p e
hpoma'tom’At)' hv.—a condition which in itgelf implies 1w
i(':lemlmisr.npairisgnt},’——on the other hand, constitutes the major-
iona

i d post-
ity of the remaining pathological processes encountered P

mort%?ltmﬂ:f 1(311111;%;11 which now imposes itself is this: Why

ifi interferes with the conversion
+ does a condition that 1n : , i
a?dtrlxl'oginocen into trypsin or that 11npedf:s the. 7‘pas’;a\hgee ;)nswer
(l)-tte; I)to thbe intestinal foodstuffs cause _dmbetes.w sy
: eems plain, viz.: because insufficiency {)f iypb(]digs e
?Oje; by imperfect reduction of proteids ttf simp z}' e (;lbu_
0 T’ting in the formaﬁon, or inadequate sph_ttmgt,.on A
bui'noids Tn other words, impaired pancreatic acti
ﬂl ; . .

i ives rise to toxie glycosuria. ‘
mentl(?mdif‘;::;retation of the general subject sei:r’xs'afsimhzz
ur : .

neiliate antagonistic views. IPdeed, Whﬂﬁ tice;i)nﬂuence;,

z?ﬁ ed that “the pancreas exercised a glyco y-t iy
. ' the opposite: %.e.,

Kaufmann have held ] .

i tadiminished in diabetes, and that diabetes 1,s;

= roduction of glucose.

creas does

glycosuria,

“glycolysis i :
x i the p
cclusively due to an increase in

%ﬂluﬁ:; thOWIl that the arterial blo.oc‘l of the pan g
etain a glycolytic body,—the oxidizing substance,

con \ \

i lying
tivity was the under y. g
dgngisitg e, B suPI'aI‘enFﬂ L e oéfr increased production

xic glycosuria: .., 8 sourc s
C?E“Se (:E' to?i %uit-her sustain this fact, we may re;a‘;l inna(;cency
Ooaslutir .proc'lucts as already stated, possess a marke
coal- s

i i drenals, sufficiently, in.some
to inhibit the functions of the a e linunag 8 o

instances, to produce blood-disintegra

gl i i f

ive

This remedy 18 NOW classed among the mOStl-i:CtlA

ts at our disp.osal for the Tedﬂ(‘tlf}ﬂ of bgl);c::ucas.e 3

ig::;rk of Professor Lépine proves ﬂ?j e’;(; duec e

' cperiments

wayv. Referring to experim . -

azﬁ;ieoiatiofl of Porteret, he says, regarding the acti
e

pyrin.

—eee

® Lépine: ‘‘Le Diabéte,”” Paris, 1899,
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antipyrin, that, “in the cases in which it exercises an anti-
diabetic action, this substance acts, not by activating the de-
struction of sugar, but by preventing its formation.”® This is
due, as explained in the second volume, to the fact that anti-
pyrin excites a center (the sympathetic center, also deseribed
in the second volume) whose purpose is to cause constriction
of the arterioles after, as we have seen, they have been dilated
by a cranial nerve. Antipyrin thus produces general constric-
tion of the arterioles, and the blood admitted into the adrenals,
pancreas, and liver—the main organs involved in diabetes—
being reduced, the “formation” of sugar is actually prevented.
In view of these facts, what is the nature of the product
the existence of which the prominent nuclei and the granules
observed in the protoplasm of the islands indicate? This is
elucidated by two other features just brought out, namely: (4)
that glycosuria may be the result of intoxication by toxic
albuminoid bodies incident upon an insufficiency of trypsin,
and (5) that disease limited to the islands, as shown by Opie,
can cause glycosuria. It is plain that, in the latter case, the
permeability of the ampulle being alone compromised, the
pancreatic lohules that contain no islands are free as to the
elimination of their secretion into the ducts. If they produce
trypsinogen,—i.c., trypsin,—why are the functions of the latter
inhibited or ahsent as indicated by the glycosuria? The only
logical answer to this question is that the islands of Langerhans
alone secrete trypsinogen.

This fact, when added to others reviewed, normally leads
to another deduction: i.e., that, in addition to any other fune-
tion it may possess, the spleen and the islands of Langerhans
are functionally united in the formation of a ferment,—trypsin,
—which is able to digest albuminoid bodies in the blood-stream.

We can now readily understand why the spleen and the

pancreas are so intimately connected through their nervous

supply. Indeed, this throws light upon a phenomenon which
we approach almost with diffidence: .., Claude Bernard’s
experimental glycosuria obtained by puncturing the medulla
oblongata. “That pathological zonditions of the eentral nery-

—

® The italics are Professor Lépine’s,
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i riph-
ous system and perhaps of the sympathfatlc m;dd]izl{iizsp(i ::pof
eral nerves may give rise to glycosur:‘z}‘an( i
course, established,” says Ii‘lle}mer.‘::T thihithnel;mo il e

i iti i ich one |
TOP““?C Icgni(lltifc:]\: (lzzngc}ll;:;ble. The one deﬁl}lite‘(}(‘)llfdlfl()l;,
lt);:zncﬁz:t 1of which is constant, is Claude Bernard’s pigure, and,

the physiological relationship existing between

i he fourth ventricle

i ft

certain unknown structures hm 1t-he ﬁoo:l" obe s
J i e liver, may -

e t 'teni in man observed

softening, tumors) 1 1

e,

and the g 1
lesions (h@morrhages, j T
(.)f = sit.t(mtiﬂﬂ with which glycosuria has been ; s(;n;ch
“‘lh t cerebral and perhaps spinal disturbances othr.zr 1a i .I)r
'_] ihe region of the fourth ventricle may be assoelatE(h My O,Z.wr
;’nllowed li)v diabetes many clinical cases prove. .0-n th]e (ﬁl:CCt
h(:md theré is no evidence that would show thatthlet ;:rt;o?] g
: ystem upon JHaxe
i ce of the central nervous system i
ﬁgtl;?)lism that produces hyperglycwemia and gly.cosm;;iﬁom’d
d, the experiments in which the splan.chmc's were § ’d‘ .
o4 , (laude Bernard and others) without producing

fln paw | f the interaction of other or-

glycosuria show the necessity o
241 ‘ =
ganS-Read in the light of all.we have saif],——partlculallt_ly ’::ii
allusion to the relationship between t%w .medull?n:: Bt
uprarenal glands through the splanchmc,—’?hese 1ﬁ i o
:opcompeten?c an observer as Flexner, and whllch (;?n'cn.l b
i ion of the splanchnic,
ier as to the action of section o :
. i?:r}:f;;? confirmatory evidence based upon the n;;)st 3:1;2
;lasbors of the last half-century and to emboﬁy Claude. EI'I‘]::) ulé
m sanction. To analyze their far-reachm_g meam.ng' o
(i’r‘:\f:)lve the repetition of what has been salld 11nt.all ’;h];; ;};)t:,eeli
i tional relationshi .
lated as a deduction, the func s
510 "“;l‘;:; of the fourth ventricle and glycosuria vsoluldcl;;t;:
f flo“'S' Puncture of the floor of the fourth wntncde .( 1;, m
B?ernarc'i’ ) causes glycosuria because the mcreasm:f bloo -su.pio_:'re
hédnf inci upon the local reparatie process -
injured area incident upon the :
i];:i;;?g;ry excites the normal structures around this area. As

@ Flexner: Loc. cif.
€ A]] talics are our owi.
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these structures include nerve-fibers. which govern the adrenals,
these organs are stimulated and glycosuria 1s produced by their
secretion,

What we might term the intrinsic functions of the pan-
creas have now been analyzed; the importance—also in con-
Junction with the sp'een—of its extrinsic functions must now
be inquired into. Foster states that “a pancreas taken fresh
from the body, even during full digestion, contains but litile
ready-made ferment, though there is present in it a body which,
by some kind of decomposition, gives birth to the ferment.**

To this body, this mother of the ferment, which has
not at present been satisfactorily isolated, but which appears to
be a complex body, splitting up into the ferment, which, as
we have seen, is, at all events, not certainly a proteid body,
and into an undeniably proteid body, the name of zymogen
has been applied. But it is better to reserve the term zymogen
as a generic name for all such bhodies a8, not being themselves
actual ferments, may by internal changes give rise to ferments,
—for all ‘mothers of ferment,” in fact—and to give to the
particular mother of the pancreatic proteolytic ferment the
name trypsinogen.” In other words, and in accord with pre-
vailing custom, each zymogen is named from the ferment it
produces: the zymogen of trypsin being “trypsinogen”; that
of pepsin, “pepsinogen,” ete. It is therefore permissible to
use the term “amylopsinogen” as the main product of the true
lobular acini to differentiate it from trypsinogen, the product
of the islands of Langerhans, reserving the term Zymogen as
a generic term for all pancreatic ferments, As “zymogen”
under these conditions, it preserves characteristics attributed
to it by Heidenhain; it is soluble jn water, in which it is split,
after exposure to the air, into trypsin, ete. (Charles). The
conversion of trypsinogen into trypsin has been aseribed to
oxygen; but if my views are sound and the former is the
normal product of the islands, the portion distributed through
the pancreatic ducts is intimately combined with the splenic
ferment in the ampulle as fast as formed, so that it ean never-
be obtained as trypsinogen. Hence, oxygen will split zymogen
into trvpsin, ete.; but trypsin is not oxidized trypsinogen.

R
“ The italics are the author's.
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We have followed the course of the blood from the splenic
vein and back again to the splenic artery which supplies
branches to the pancreas, and we have seen that on its way
through the latter the arterial blood surrenders its oxygen to
the cells and its splenic substance to the islands. The domi-
nant feature of the extrinsic functions of the pancreas is its
power to destroy albuminoid toxic bodies, and it is evident
that the splenic ferment, the mission of which is merely to
unite with trypsinogen to form trypsin, cannot do this alone.
It is trypsin that constitutes the antitoxic body, and it is the
pancreas, therefore, that supplies it to the organism. How
does it penetrate the general blood-stream ?

Now that we have ascertained that the islands of Langer-
hans are the seat of manufacture, as it were, of at least a part
of this antitoxic agency, and that it collects (combined) in the
the manner in which the general circulation becomes

ampulle,

supplied with it is clear: i.c., the quantity that permeates
through the ampullar walls is but a portion of their contents,
and the rest is swept away with the blood and reaches the
splenic vein through the pancreatic veins. But this does not

be carried alone in the same

mean that trypsinogen may not
therein combine with the

manner to the splenic vein and
splenic ferment to form trypsin. In fact, this must constitute
the prevailing process, it the anatomical distribution of the
jslands of Langerhans, as observed by Opie, can serve as guide.

As we have seen, Opie found that the islands of Langer-
hans were over three times as numerous in the splenic end
of the pancreas as clsewhere, and that the part of the organ
1ot in communication with the gplenic vein—i.e., the extremity
of the descending arm—eontained none. Moreover, each lob-
ule in the splenic end of the organ was found to contain an
island: a very suggestive fact. The tip of the pancreas, which
is almost in contact with the gpleen, thus marks the starting-
point of the islands; so that' trypsinogen begins to enter the
splenic vein almost at the
being connected by geveral short venous radicles at about
regular intervals, the blood in the vein must become literally
saturated with trypsinogen, and its blood be replete with tryp-
cin when it reaches the portal vein, during the active stage of

hilum, Pancreas and splenic vein -
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intestino-porta]' digestion. We have seen in Herzen’s experi
;nent how rap}dly albumin was digested with blood obtal?. (i
rom the splenic vein during this stage. 4
,,Ymogi?t'sthf am)flol}d'tic ferment derived from Heidenhain’s
A is also carried to the splenic vein is :
‘ probable. I have
il}:owll-l that it was through the effects of this ferment ti?;:
poet iver giycrl)gen was converted into sugar, and that the im
rtance of the latter, when distributed t, !
- ; the musel
other structures in which it is i . g
- consumed, was very great. Tl
;1;; i;nzef'tsu‘m -Ofi glycogen into sugar is a cont;ng;us proc::;
at it is independent of digestion are r i
: . ecognized facts,—
;Illfaillli(lzessarlly so, since the activity of the functions that
e ule use (?f. glycogen may at any moment be increased
5 ssues requiring replenishment to a correspondingly greéi:
e‘ggee .at tlhe expense of the liver reserve. How could this
E: ;es ommafclng function ’{)e carried on in the perfect manner that
mée:rire i: co'mle-cted with, or did it depend upon, any digestive
];ermest. gain, if present views prevailed and the amylolytic
% d11 dwere to only reach the liver after being secreted in
e th;lov;leﬁunll by thelzdpancreas. then absorbed by the venules
, how could we account for the conv:arsi(m
: of gly-
zgf;ft?etlvgen the periods of active digestion?‘ That the m%;e{lr
act is not the channel traversed by tl i :
ereatic amylopsin devolved t A by
am, red to the conversion of glycogen i
sugarwls also suggested by familiar experiments. e o
E the Bave seen that .the insertion of a piece of pancreas
f af O}SS:EES of an animal showing marked glycosuria, after
e pancreas, will cause it to dis -
parently constitutes a direct icti g
3 t contradiction of all the foregoi
zi;z:ﬁerrr;ilg(tls ,t hbuft E?Ch is not the case in reality. Minkovfsilili]‘%
e fact, observed by other investi
. . ¥ igators, that gly-
;:Icl)gfie:a tcé;m;liy (?1sappears after removal of the pancreas ’Igih{s
o important features: .., th .
longer formed after r Mradoniily bt
emoval of the panecreas, and that
ziher afency converts it into sugar. Why rem’oval of the 60;?1'3
beea::: .s ould prevent the formation of glycogen may pmbI;blv
counted for by the fact that the absence of tryi)sin causes

4 Mi .
Minkowski: Berliner klin. Wochenschrift, No. 5, 1892,
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the digestion of albumins in the duodenum to cease, as .shov:;
in the Schifft-Herzen experiments. T?aat the convelfsm? k
food-starches into maltose is also, owing to th'e abs;meth(;
amylopsin, arrested, is evident. The only subs‘Fltute 01" t-o;l
ferment available is ptyalin; but thougl? the sahwry gecre l,al
—at least, its ptyalin—is quantitatively increased afte;‘ IE?E.O;C}]
of the pancreas, it 1s inadequate to convert al}] tml b‘od .
required to compensate for the glyct_)ger.l used. rl,:](_} g_‘)‘f;1 gthé
gradually converted by what ptyal'm is swallowrt let e
caliva between meals, therefore disappears. The a(i] i
ptyalin converts gtarch partly into dexf.u‘ose greatly fai(;d‘
the disappearance of the glycogen, the primary sugar {; :)‘.S; ri(;:
is mainly maltose. It would seem, there.fore, that the ¢ y; e
follow-in;r extirpation of the pancreas 1 due to the ac
in upon food-starches.
ptyaz'?il:f ’glef salivary secretion is gradua‘lly_ increaseé-l.dafter
removal of the pancreas is sustained by experimental evl 29;10:(;
Aldehoft** observed that glycosuria only a,_ppeared ’f‘rom1 :
48 hours after the operation in turtles; in frogs it a5 y ige
peared after four or five days, “slight at fll:St, bec?mu;% mtwo
intense later on.” Minkowski*® found that .1t‘ sets in after -
or three days in dogs, under the same con(.htlons.. %gfun,‘ ; ?ed
ing its passage through the stomach ptyalin -aeqmre:' 1;1@;: £01‘
energy as a ferment. Charles*® vefers to this questio g
Jows: “Chittenden and Griswold find that the pre&fmceéi 0 g dhi
as hydrochloric acid, to the amount of 0.00.5 per cent. ; ec(li( ih_ls
increases the diastatic action, while an increase beyo-I:l i
diminishes it, the action stopping with. solutions of ack b
0.1 to 0.4 per cent.; the diastatic action of the sa;,wa W;)m;
therefore, appear soon to cease in the stomach, 1}1.1{1 t edpeiﬁon
in that organ exercise a decided influence on salivary ig ] h:
stimulating the ferment to increased action, parhcuftr t\ o
presence of acid, which by itself may c;ompletely p;m:ntamh-
conversion of starch into sugar.” Mering found t al ts o
acted on by saliva yielded dextrin and maltose at first,

after some time grape-sugar.

i 1892.
4 Aldehoft: Zeitschrift fiir Biologie, Munich, Bd. xxviii, p. 293,
& Minkowski: Loe¢. cil.
# Charles: Loc. cit.
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Yet, glycosuria so produced may, we have seen, be pre- -
vented by grafting a fragment of pancreas under the skin.
Minkowski'" grafted such fragments in the dog, eat, and pig,
removed from the pancreas of these animals. When the graft
had become adherent and functionally active, he removed the
rest of the pancreas. No glycosuria appeared until the grafted
portion itself had been removed. Besides indicating that
ptyalin glycosuria prevails after resection of the pancreas, the
fact that grafts can preserve normal functions clearly shows
that the intestinal canal is not the only region wherein split-
ting of carbohydrates and proteids may occur. Each graft
evidently received its blood through newly-formed vessels.
This blood doubtless contained splenic ferment, since, as pre-
viously stated, the greater portion of this ferment really enters
the general circulation via the liver, and ultimately reaches
the portal circulation, probably by the hepatic artery, in the
experimental animals. Such being the case, it is evident that
the splenic vein can, besides the intestinal villi, serve as @ channel
for the transmission of the pancreatic and splenic ferments to
the liver.

Here, again, however, we are brought to realize that the
splenic ferment is not merely a local agency, but one which
during spleno-pancreatic activity forms part of the entire
blood-stream. I have given striking evidence of this in
Herzen’s experiment with blood taken from various arteries
and veins, We saw that blood taken from the femoral vessels
(arterial and venous) of a dog in full splenic digestion proved
active in digesting albumin, and that the blood of the-splenic
vein was exceedingly active. Indeed, the blood which is so
active in the pancreas originates from the ceeliac axis, lungs,
heart, ete.,—i.e., from the general circulation,—and only con-
tains the proportion of splenic ferment which the entire blood-
stream contains. But a question suggests itself here: If, by
the combination of trypsinogen and the splenic ferment, tryp-
sin is formed, is it not trypsin-laden blood that re-enters the
pancreas? Trypsin would re-enter this organ were the relative
proportions of the two bodies not regulated by the vagus. As

47 Minkowski: Loc, cit,
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we find that a slight excess of splenic ferment will serve -thi
physiological process in the pancreas,—to supply the mtestm?
canal,—if we grant the vagus even one-tenth of the' trru}
wonderful prerogatives it seems to possess, we can readily asi-
sume that, by regulating the quantities of e}tller ferment a;
lowed to enter the blood-stream, it provides just the excess 0
splenic ferment in the pancreas to insure Perf?ct. funct;m:;;
during the digestive process: all features which indicate trba
{rypsin is a constituent of the entire blam:i-stream when c? bu-
minoids are undergoing digestion in the alﬂ{wntary chan@e 8.
The far-reaching meaning of all this is suggested in the
ing deductions:— : .
fonovlv.mig’he cleavage processes to which tr_'yg:{sin submits albummns
in the infestinal canal include the preliminary steps of a pro-
) tion.
iectw; ];’I;:g tspleno-pancreaﬁc internal secretfon is represeni;d
by the trypsin which reaches the- portal vein by u‘aﬁi ofz af
splenic vein, and which continuets' m% the b{laod’-stream e cleav
begun in the intestinal canai. : .
age g::oc;.;sgesma?n function of the spleno-pancreafw secret-:g]a:,
trypsin, in the blood-stream is to pfrotectlthg organism frongo ;
effects of the tozic dert'vatim;:s ;f ali)’tl.ﬁ'.]::-md bodies of endog
ous origin, including toxins. _
ﬂoussoils:oizz first gnd third conclusions were submltt{'edl by
myself in the first edition of the present work (1203), thel) 1av§
received independent confirmation in many par*t;mulars t1r101[11gd
the researches (begun in 1905) of Abderhalden,_ who f:011§‘1{ ef
that “each separate cell, with very few exceptions, d]sp-()bea .(t
the same or similar ferments as those secreted by. the d1gest1‘\5
glands in the intestinal canal.” He termed ‘:defens‘We ferme::ntj::
moreover, agents of this class which haw{e ic?r their purpose .t;)‘
bring the so-called reactions of immunity 1ntf)_close line vlvll ;
processes that are normal and consequently familiar to the cells.

8 Apderhalden: ‘‘Defensive Ferments,” third edition, 1914,

CHAPTER 1X.

THE ADRENAL SYSTEM IN THE FUNCTIONS OF
THE HEART AND LUNGS.

RerERENCE has repeatedly been made to the functional
connection between the secretion of the adrenals and the heart.
Is this connection direct or is it indirect? In other words, is it
the result of a direct stimulation of the heart-muscle such as is
produced by suprarenal extract, or of the stimulating effect
to which the increase of oxidizing processes, including those
of the cardiac cerebro-spinal centers, give rise? Analysis of
this question tends to show that both processes prevail simul-

taneously when from any cause the adrenals become over-
active.

THE ADRENAL SECRETION AS THE SOURCE OF THE FUNC-
TIONAL ACTIVITY OF THE RIGHT HEART.

" As freshly-oxidized blood is constantly being supplied to
both sides of the heart, the specific action of digitalis upon
the right heart to which I have referred cannot be aseribed
to the oxidizing substance. Again, it would seem that the
suprarenal secretion itself could hardly be credited with a
local stimulating action upon the cardiac walls when the thick-
ness of the myocardium is recalled, unless the latter be pro-
vided with channels calculated to insure the penetration of
the secretion to its deeper tissues. Not only do such chan-
nels exist, however, but they are so disposed as to enable the
adrenal active principle to permeate the entire myocardium
and be equally distributed among the contractile elements.
The channels to which I ascribe such important functions have
been known as the “foramina of Thebesiug.”

These canals are described in Gray’s “Anatomy” as fol-

- lows: “The foramina Thebesii are numerous minute apertures,

the mouths of small veins (vene cardis minimz), which open
on various parts of the inner surface of the auricle. They
return the blood directly from the muscular substance of the
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