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tion or any other form of toxemia. Indeed, so intense is thig:-f' —

action in the case of some of these agents that the blood-cells

themselves ave digested (hwmolysis) along with the bactenia,
The practical experience accumulated by clinicians during the =

many years—centuries in some instanees—that these agents

have been employed, and the researches of therapeutists into

their physiological action, have given us a working field which
it will take decades of steady labor upon all questions relating to

the use of tuberculin or other bacterial produets by inocula-
tion even to approach. We need not, therefore, deprive the

present generation of the advantages that the magnificent lore
of our profession affords. Within our reach are weapong whose -

every part is known to all and which, in power to destroy the

greatest enemies of mankind, are second to none—provided their
present empirical use give way to their scientific use, viz., with
the test-organ of the pituitary and the organs which it controls
as the foundation of the body’s auto-protective resources. This
binds indissolubly pharmacotherapeutics to the general prin-
ciple of immunity—precisely the field I opened in the first vol-

ume of this work. We must learn to bow to Nature’s powergs =

had her mode of work—the doctrine of Hippocrates—inspired
all researches since his time, Medicine would not only rank as
a Science to-day, but it would excded al] other sciences in per-
fection.

As a final conclusion of this chapter, T would submit, there-

fore, that immunizing medication is the foundation of rational
therapeutics.

CHAPTER X VILT. -

i INTERNAL SECRETIONS IN THEIR RELATIONS
TO PHARMACODYNAMICS.

THE PRESENT STATUS OF THERAPEUTICS.
In a Presidential Address* A. H. Bampton said recently

(1907): “Scepticism is in the air. Even in this society, if any

daring member has introduced a subject bearing on medical
reatment, it has been with an apologetic air and humble mien,
ell knowing that if his remarks had any reference to the
tility of drugs in the treatment of disease they would be sub-
ected to good-humored banter, and received by those sitting
[ the seat of the scornful with amused ineredulity.” That

‘the same spirit reigns on this side of the ocean hardly needs
- fo be emphasized. But few years had elapsed since Frank

‘Billings, also in a Presidential Address,” declared that “drugs,
with the exception of quinine in malaria and mercury in
hilis, are valueless as cures,” and what has been termed

~ Osler’s “black, hopeless, helpless, therapeutic pessimism,” is :
* quite as applicable to a large proportion of the medical men

of our country. The present work, in fact, was begun under
the influence of a very similar state of mind. It would be
aunfair, however, to incriminate only pharmacological knowl-
edge on this score; pathology is quite as invalid when the rela-
‘tions of cause to effect are scrutinized. Indeed, Lewellys F.
Barker’s previously quoted estimate that “drugs of unknown
physiological action cannot conscientiously be set to act upon
bodily tissue in disease in which we are ignorant of deviations

from the normal,” exemplifies succinctly the dual cause of the
zather ignominious position in which practical medicine finds
itself. The contents of the foregoing chapters account for

is: they show that functions of the first order have been

overlooked: functions which, in pathogenesis and therapeutics,

By the leading part, and without which these fundamental
~ branches must remain inserutable.

1A, H. Bampton: Leeds and West Riding Medico-Chirurgical Soc., Lancet,

 Jan. 19, 1007

T Billings: bith Annual Session of the Amer, Med. Assoc., 1903.
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Referring only for the time-being to therapeutics, no '::'
apology is needed, therefore, if the interpretations of the phy-
gsiological aetion of drugs 1 present herein differ totally from

any yet advanced. The introduction of a series of functiong
besides, even, those of the adrenal system, viz., the various pro
cesses carried on by the anterior and posterior pituitary bodies

and by the different leucocytes, the additional réle attributed

to the red corpuscles, the several blood constituents which play
so important a part in the life process itself and the defence

of the organism, ete., normally entails a complete transforma-

tion of the prevailing conceptions.
Our fund of experimental and clinical facts has not

in the least been set aside. Indeed, experimental therapeutists

have contributed a vast array of positive data which, utilized

individually, i.e., irrespective of any interpretation formulated

by the investigators themselves, and suitably grouped, afford

a rich source of material for the elaboration of doctrines based

only on established facts, and, therefore, poised on a sound
foundation. It is to Horatio (. Wood that we owe mainly
this mode of investigation, and if it has not as yet borne sub-
stantial fruit, it is not owing to the fact that the principle is
unsound, but because the building materials were incomplete.
Besides the various organs enumerated above, are others, the
functions of which have also been overlooked, Ludwig and
Cyon’s depressor nerve, for insiance, discovered by these
physiologists in 1866. As I will show below, this nerve plays
an important part in the self-defence of the organism against
disease. Again, the fact that the majority of the body-fune-
tions hayve remained unexplained by physiologists has rendered
it impossible to understand many phenomena provoked by
drugs. The manner in which a motor nerve produces its
effects, for instance, is as obscure to-day as it was fifty years
ago. Vasodilation is a prominent feature of the action of
drugs, and yet the manner in which it is brought about is

absolutely unknown. As pointed out under the next heading, '

this problem is readily solved when the presence of adren-
oxidase in the blood-stream is taken into aceount.

Again, the accumulated evidence of all the practitioners
of christendom for centuries is certainly of some value. As
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B ;gampton states: “Although our treatment then, as now in

part, may be stigmatized empirical, it was mome the less

' i inie 1 2 lso we have
faunde reful elinical experience.” Here als
founded upon caref p

g vast array of solid data for the elucidation of the relations

gx:: i 1 i ich the
" petween cause and effect, d.e., of the manner in which
~ organism responds to exogenous influences. Unfortunately,

the laboratory experimenter is too prone tlo ignore the teach-
ings of clinical experience, forget.ting that,.Judged as an BXP%I'I-
ment, the use of a remedy na gw.en cas.e 1s‘at least as eluet .a-
tive, with the refined methods of investigation now at t.he ‘dIS—
posal of the elinician, as his own. Were he to' a.dd this fund
of information to his own resources, and serutinize as closely

s the protocol of his experiments the recorded results of the

administration of the corresponding remedy 1n dlisease, ‘he
.;vls'jeuld soon withdraw therapeutics from the position into which

" it has undeservedly fallen, and raise it to the dignity of a
-~ sgience. ‘

In the various familiar drugs studied in the following
chapters, I have availed myself—as far as space would permit

—of these two great sources of information; besides the func-

tions of the organs I have introduced into the various 'pmblems.
That this plan must be fruitful, is suggested by an 1mportan.t
Tesult veached, viz., that in the case of each drug the phym-.
‘olegical action I submit, though diﬁ'e]fing totally frpm that
now tanght, explains clearly how the: disease or morbid symp-
fom for which it is used is antagonized and overcome. This,
in itself, affords strong testimony to the eff'ect _tha}t the new
ﬂéenceptif)ll of pharmacodynamics I submit is, in its general
lines, poised on a solid foundation.

:hnes.éBEg;ie study of the various agents considered in this chap-

ter can he undertaken, however, the manner in which the vaso-

dilator and depressor nerves produce their effects requires
attention.

THE MECHANISM OF VASODILATION AND ITS RELATIONS
; TO ORGANIC FUNCTION.

The existence of vasoconstrictor nerves discovered by
(Claude Bernard in 1851, confirmed by Brown-Séquard the fo_y
lowing year, has become one of the keystones of modern physi-
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ology, and its solidity has never heen shaken. The mode

~action of vasoconstrictors is also established. We cannot

the same, however, of the vasodilators; the actual existene

a dilator center, or even of true vasodilator nerves, in fae
still undetermined.

In his summary of vasomotor actions, Foster,® for insta

says that “there is no adequate evidence that these v

dilator fibers serve as channels for tonie dilating impulses or

influences.” Landois and Stirling,* referring to the “v:
dilator center” in the medulla, state that “its existence th
has been surmised,” and furthermore, that “the existence
vasodilator nerves is assumed.” In the last edition of t
same text-hook® published eighteen years later (1905), this i

modified to the statement that, “although a center for vas

dilator or vessel-relaxing nerves hag not yet been demonstrated, =

the existence of such a center in the medulla may nevertheles

be suspected.” J. G. Curtis® states that “it is not known =

whether a vasodilator center is present in the bulb.” Thi
actual state of the question is aptly summarized by H. . Cha
man,” when he says: “Though numerous explanations hay
heen offered of the manner in which the vasodilator nerves act

it must be admitted that none of them are satisfactory, and

that it is not yet understood how their stimulation causes
dilatation of the blood-vessels.”

Even the stronger lines of testimony, those hased on
cutaneous hypereemia, blushing, etc., in favor of the presence
of vasodilator nerves in the spinal cord, including that afforded =
by excitation of the upper segment of the cervical sympathetie, 3
after section, cannot stand close scrutiny. “Flushing of the
skin, or a rise of temperature in it,” writes Langley,® “are at =
times and in certain circumstances, produced by stimulation of =

the sympthetic; and it ig generally helieved that the changes

are due to the presence of vasodilators. The evidence, on the

whole, is in favor of the presence of such nerve-fibers, but it is
I think, premature to regard the question as settled.” The

i
aFoster_: “T. B. of Physiol.,” sixth American edition, p 229, 1895,
4Landugs and Stirling: " “T. B. of Physiol.,”” vol, ii, p. 959, 18%6,

5 Landois: “T. B, of Human Physiology,”” tenth edition, p. 771, 1905,

¢J. Q. Curtis: “Amer, T, B. of Physiol.,”’ vol. i, p. 199, 1800.

"H. C. Chapman: “Treatise on Human Physiology,” second edition, p. 692,

1899.
® Langley: Schdfer's “T. B. of Physiol.,”" vol, ii, p. 626
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ness of the whole scheme hardly nee.ds .to ‘(.33 further

ized. When we consider that vasodilation is the all-

; pﬂr-éaﬂt factor of function wn all organs, the need of ascer-
fgining the nature of this process imposes itself. :

No one, of course, denies that dilator effects are ‘W1t1_1ess;5dl

yarioug organs; the obscure feature of the question is the

mard’s memorable experiment, which conclus?veiy demlon-
teﬁ the existence of mnerves capable of causing vas‘odlla-
has remained unexplained, as far as the modg <.)f. action of
chorda tympani is concerned. The fact that division o'f the
npathetic (comstrictor) fibers distributed to the submaxillary

s vessels is followed by dilation of the latter and an

sed outflow of blood led Bernard to suggest that the

b it does represent a physiological functilon, this interpreta-

tion fails to harmonize with several established facts. Among
sse is the observation of Schiff (1856) and confirmed by sev-

] investigators since, that “the vessels of any organ are
ted to a greater degree by excitation Qf the”vasodl.la,tor.s

an they are by paralysis of the vasoeqnstmct.ors. ok Rteaptevis
that “inhibition” or “paralysis” should .51mp1y ?ounte_ract

the constrictor effects, the vessels retaining their mormal
g eter. In reality, the dilation is much more marked under

'.‘. ~ excitation, and the submaxillary gland is no exception to the

‘mule. Langley,® in discussing the mode of action o.f. inhiblci‘zory
ibers, refers to this view as untenable, and, alluding to “the
ééo;-facial region of the dog, the inhibitory fibers of. the l}earﬁ
the inhil;ito'ry fibers of the stomach and 1{1tefst1.n.e,
rks: “We may conclude for all cases that the .lnhlbltl()ll
which we are considering is not produced by a Iou::armg of thl?
ivity of sympathetic or similar nerve c:,lls. Fosizer’s
estimate in this connection is conclusive: “We may, if W(z
, speak of an ‘inhibitory mechanism’ placed in the heali_
elf,” says this investigator, “but we ,}mve no exact know
e of the nature of such a mechanism.
8121 the vasodilator phenomenon discovered by Claude Ber-
9 Qehiff: Leonard Hill: Schifer’s “T. B. of Physiol,,” vol, ii, p. 135

1 Langley: Ibid., vol. ii, p. 673.
1 Poster: Loc., oil., p. 207,
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nard we have an illustration of the aclive functions of all

organs. But how does the chorda tympani cause vasodilation? = :
The solution of this problem furnishes that of a multitude of 3

'

questions in the domains of physiology, pathology, and thera= b

peutics,

It the foregoing estimates are reduced to their simplest

expression, our knowledge of the source and nature of vasos
dilator impulses is about as follows: we have a problematie:
center, grafted upon another center known to transmit

impulses of an opposite kind; this problematic center is sup-

posed to be the source of dilator impulses through nerves which,

have not been shown to act as channels for them, and which
serve to dilate vessels which do so aulomatically, when all ==
nerves distributed to them are severed. In other words, the

coneeption is illogical from start to finish. It may be ohjected”
that the cord itself is the source of dilator impulses, and that

nervi erigentes, for instance, may be made to produce dilator
phenomena reflexly when the cord is severed above the lumbar

region. But this in no way modifies the situation, for the
spinal centers are thus merely hrought into line with others
credited with similar functions: the pontine nucleus of the
facial nerve, the source of theschorda tympani’s stimuli, for
example. The manner in which these spinal centers cause
vasodilation is no less obscure. 4
A key to the situation is within reach if all prevailing
theories are set aside and facts only are accepted as guides.
We know that constrictor impulses originate from a vasomotor
center or subsidiary centers; we know that vasodilator effects

are produced. Why should constrictor impulses not give rise

to dilator effects?

Claude Bernard’s experiment is outlined by Leonard Hill®2 3

in the following words: “Exposing the submaxillary gland, he

opened one of the cfferent veins and observed the outflow of

blood. On dividing the cervical sympathetic nerve, the blood
flowed in increased volume and hecame more arterial in color
On exciting the same nerve the outflow entirely ceased and the
gland became pale in color. He next excited the chorda tym-
pani nerve; the gland blushed red, and almost immediately

12 Leonard Hill: Lee. cit., p. 132,
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' ’fmght arterial blood gushed out from the vein. The .vascular
2 :‘Aiiﬂat'ation was, in this case, so great that the blood, with each
"im}é‘ati&n of the artery, flowed from the veing in jets.”

The chorda tympani fulfills a dual role. “When the

" chorda is stimulated,” says Foster,”® “there pass down jche
" nerve, in addition to impulses affecting the blood-supply, imn-
f‘ﬁtﬂf;es affecting directly the protoplasm of the secreting cells,
a;nd calling it into action.” These fibers were Fraced to the
:éﬁnrﬁtory elements by Pfliiger, and his observation was con-

firmed by Paladino in 1876, and subsequently by Navalichin

~ and Kytmanoff, Fusari and Panasci, and Ramon y Cajal."*

When, however, the fibers to the secretory cells are paralyz?d,
the vascular phenomena are not modified. “If a small quantity

[ - . » . Tt & CC1 . e
~ of atropine be injected into the veins,” says Foster,'® “stimu

lation of the chorda produces no secretion of saliva at all,
though the dilatation of the blood-vessels takes place as.usyal 5
in spite of the greatly increased blood-supply.”® This is a

 familiar physiological fact, first observed by Ludwig many

years ago, which shows that however produced, the vasodilator

' effects must be aseribed to the chorda tympani only.

The salient features of Bernard’s experiment, besides the
vagcular dilation, are an increased volume of blood, the pres-
enee of arterial blood, and the expulsion of the latter in jets
eoinciding with arterial pulsations. To meet the needs of the
first of these phenomena, it is, of course, necessary (1) that an
increased volume of blood be admitted to the organ, and (2)
that the blood-pressure be increased hehind the column of
blood so admitted. Obvious as these two conditions are, h_gw-
ever, they embody, it seems to me, a solution of the.questlon
in point, for: given an adequate pressure behind an mer{eased
volume of blood, we have a column which exerts centrifugal
pressure upon the walls of the vessels through which it passes

e and capable, therefore, of dilating them. To account for the

arterial character of this column of blood and its expulsion in
jets, we require larger vessels than the arteriole in t-h.e gland
proper. The three or four submaxillary branches which sup-

¥ The italics are_tmy o?élé.—s.

e - Al 2 g T . s . kR

1" ggﬁgf_ylrggéa?: T%stut: “Traité d’Anatomie Humaine;” third edition, veol.
, p. 175, 1895, X

15 Foster: Lot cil,, p. 264
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ply the gland furnish enough blood when the organ is in
tive to form “a thin slow stream” and supply the needs of th
mechanism. Derived as they are from the facial artery, any
inerease of their caliber would normally give free sway to the
marked back pressure which this vessel affords. The close

proximity of the facial artery to the external carotid, of Whie'h"
it is a branch, its anatomical relations with the submaxillary

gland, and the fact that it pulsates actively, clearly point to =

this vessel as a prominent factor of the process. But how iz =
it made suddenly to shift, as it were, an additional volume of

blood into its submaxillary hranches—which requires widenin 3
of the lumens through which the blood enters the latter—an

simultaneously increase its own propulsive power? This
increase must be very marked, for “during stimulation,” says
Foster, “the blood rushes out in rapid, full stream.” A very =
gimple mechanism, the various parts of which are familiar
anatomical landmarks, seems to me to satisfy all the needs of

the function.

We have seen that the chorda tympani alone increases the =
functional activity of the gland. This nerve has two sets of =
fibers: secretory and vasodilator, Both of these are given off
(anatomically) from a small ganglion, the submaxillary, found
above the hilum of the organ. A feature of the distribution of
this ganglion’s fibers, however, is that some of them penetrate 5

the gland proper, while others pass directly to the walls of the
submaxillary branches of the facial artery, and to the latter

likewise. Now, all these vessels are within the limits of those

supplied with vasa vasorum, at least that first given by Henle,
1.1 millimeter. Their walls thus receive blood as do other strue-

tures, and are also oxygenated directly from the general circu- =
lation.  These nutrient arteries, the largest of which, accord-

ing to Gimbert,® have a diameter of 0.017 millimeter, form an

anastomosing network in the tunmica adventitia, composed

chiefly of fibrous connective tissue intermixed with a network
of elastic fibers, but Kolliker, Eberth,)” Aeby'® and others
since found that the outer third of the middle coat, which con-
tains a large proportion of muscular cells disposed mainly in

16 Gimbert: Jour. de l'anat. et de physiol.,, T. ii, p. 630, 1865.
17 Bberth: Stricker’s “Handbuch,” S. 192, 1869.
18 Aeby: “Der Bau d. menschl. Korpers,” §. 782, 1871,

VASO-CONSTRICTOR NETWORKS AROUND
ARTERIOLES, Joris.]

Figd, 1, Arterinle of 260 microns x 55,
Fig, 2, Arterinle of 45 microns x 520,
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circular manner, was also provided with them. As shown

Ranvier,' vascularization of this coat, however, is an

ompaniment of local pathological processes, and it is

w generally thought that nutrient vessels do not pene-

. this coat, except in the largest vessels. Shakespeare®

in this connection: “In the large vessels the middle

* and outer coats are supplied with blood-vessels—the vasa

~ gasorum. In a few instances capillaries enter the tunica

intima.” While, therefore, vasa vasorum form an irregular

t close meshwork in the fibro-elastie layer, they can only be

d to reach in man the surface of the deeper or muscular

I.

" That this network of nutrient capillaries is not itself sup-

slied with vasomotor nerves is self-evident. These are doubt-

distributed fo the arterioles from which the capillaries are

en off. That very minute arterioles are supplied with a vaso-

notor network is well shown in the annexed plate by Joris

~ the upper vessel being about one-quarter of a millimeter, while

~ fhe lower is but forty-five thousandths of a millimeter in
- diameter. ‘

Important in this connection is the structure of the

* small vessels which, though referred to generally as “arteries,”

e, in reality, arterioles as regards histological structure and

Tn thie class of vessels, the internal coat is composed of

dothelial plates only. Overlying this coat is one composed

what Ranvier termed the “internal elastic lamina,” and of

- a layer of nonstriated muscular cells. Both this layer and the

 elastic layer are thus blended functionally, as it were, Now, if

" 3 cross section of such a vessel is examined, the elastic coat will

" he seen to have a wavy or festooned circular outline. “The

 internal elastic layer,” says Ranvier,*? “as are all structures

* composed of elastic material, are elastic only to a limited

% extent, and when it is compressed by the annular muscular

~ layer, it often happens that the lower limit of elasticity is sur-

~ passed, and that in order to accommodate itself within the

j_' restricted space reserved for it, it must fall into longitudinal

10 Ranvier: “‘Traité technique @’histologie,” 1875. -
2 Shakespeare: Allen’s ‘‘Anatomy,” p. T2, 1884,

2 Jorig: Bull. de 1'Acad. Roy. de Méd. de Belg, T, xx, p. 502, 1906,
22 Ranvier: Ibid.
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folds. Hence the festoon seen in cross sections, whereag in =

the influence of the muscular contraction cause it to appear
as longitudinal strie.” :

The manner in which the muscular coat of arterioles (mean-

ing thereby the smallest of arteries, those which join the capil=

laries or the so-called pre-capillary vessels) is disposed around ;
them is also of considerable importance. Thus, referring to =
these particular vessels, Berdal®® writes: “The muscular celiz SN

form a single and continuous layer around the small arterial

vessel. They are rolled spirally around the arteriole.”” As T =

will show in the next chapter, this enables these vessels (under
the influence of sympathetic impulses) to propel their blood

into the capillary system and to cause the arterioles to resume

their normal diameter affer they have been caused to dilate
through the mechanism now in question.

The mechanical process of vasodilation will now appear.
As nutrient arteries, the vasa vasorum supply the walls of the
vessels to which they are distributed with blood obtained from
a neighboring artery. This blood, as elsewhere, enhances the
functional activity of these tissues by increasing metaholism
in the cellular elements of which they are composed. Again,
Roy** showed that the thermo-elastic properties of animal
tissues differed from that of most other substances, and that
they contracted when the temperature was raised and expanded
when the temperature was lowered. We thus have two inter-
dependent factors, one chemical and the other physical, depen-
dent upon the blood of the vasa vasorum, capable of influencing
the caliber of the vessels to which they are distributed. It
is now evident that constriction of the vasa vasorum, by arrest-
ing or reducing the flow of blood to the walls of the vessels
they nourigh, will lower both metabolism and heat in these
vessels, thus causing relaxation of their spiral muscular ele
ments, and as a normal consequence, dilation, We thus have
vasodulation of arteries and veins produced by vasoconstriction
of their nutrient vessels—as illustrated in the next chapter.

This interpretation meets the—so far unexplained—fact

% Berdal: “Histologie Normale,” fourth edition, p. 307, 1894,
* Roy: Jour. of Physiol., vol. iii, p, 125, 1880.
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jsﬂ;aft,, as observed by Schiff, vessels dilated by their vasodilators

‘expand to a greater degree than when their constrictors are
severed. In the latter case, nerve impulses are alone arrested,
~ and the vessel continuing to receive its nutrient blood, 1t soon

resames its normal caliber. When the nutrient blood of the

yasa vasorum, on the other hand, eannot reach the vascular
* walls, both causes of constriction fail, since the walls are no
" longer able to respond to nervous stimulation. Again, it

accounts for all the phenomena observed by Claude Bernard.
The dilation of the gland’s vessels is left, to a certain extent,
under the influence of the volume of blood forced through
them from behind. Here the source of general supply being
the facial, a branch of the external carotid, we have not only—
after vasodilation of the submaxillary arteries induced by con-

- striction of their nutrient vessels—a marked increase of the
- yolume of blood in transit through the organ, hut it is pro- .

pelled with such rapidity through the latter that the change
fo venous blood cannot oceur. Finally, the streams, under the
influence of the greater artery’s periodical contractions, leave
the gland in jets.

Again, it does away with the need of a dilator center

which no one has ever located, and of dilator nerves which no
- one has ever seen. Inasmuch, however, as Langley*® found
- that extirpation of the superior cervical ganglion, which causes

degeneration of the sympathetic fibers distributed to the ves-

 sels of the gland, did not prevent vasodilation when the chovda

was stimulated, the constrictor fibers of the vasa vasorum are
not sympathetic fibers. They are evidently the fibers in
eranial nerves which ineife functional activity in all organs by

Jncreasing the volume of their blood supply. In view of the
fact that they provoke dilator effects by transmitting con-

strictor impulses, I will henceforth refer to them as “stricto-
dilator” nerves—a distinction of paramount importance in
therapentics, as will be shown.

Finally, it meets all the conditions which, according to

~modern physiologists, an explanation of the mechanism of vaso-

dilation should embody. Thus Howell2® (1905) writes: “There

SNes

# Langley: Ibid., vol. vi, p. 87, 1885,
# Howell: ‘““T. B. of Physiol.,” p, 545, 1905.




