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THE PHYSIOLOGIC BASIS OF THE G~C1M-
MON G ASTROINTESTIN AL S,'NDROMF',~S
FOUND IN PULMONARY TUBERCU-
IsOSIS . *

BY PRANcls MARION PorrErrcER, A.M., M.D., LL.D.,
MaNROViA, CALIF.

IN discussing the relation.ship between in-
flammation of the lungs and altered funetion in

the gastrointestinal tract, it is necessary to re-
call the embryology of these structures ; for
this gives us a basis for underst anding the man-
ner in which they are related through the vis-
ceral nerves.

The respiratory system is formed from a di-
verticulum from the gastrointestinal canal, and
therefore c.arries with it the innervation of the
mother structure, the same as the liver, pan-
creas and body of the bladder, which likewise

have the same origin.
This embryological origin, gives to the lung

the same double innervation as that possessed

by the intestinal tract . All smooth musculature
and all secreting glands belonging to the, lungs
and bronchi are activated the same as the stom-

ach and intestines (except the sphincters) by
the vagus nerve, which belongs to the para-

sympathetic division of the vegetative system ;
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likewise all, except the sphincters, are inhibited

by the sympathetics .
When the pulmonary structures are inflamed,

sensory nerves belonging to both of these sys-
tems are irritated and result in reflex action .

During the stage of toxemia the cells of the en-
tire nervous system also are irritated by the

toxins. Toxins express themselves, peripherally,

largely through the sympathetic nerves and in
this manner produce a general inhibition of ac-
tion throughout the gastrointestinal tract, de-

creasing the secretion, and relaxing the mus-

cle of the walls. It may be that there, is also
an action of the toxins directly upon the muscle

cells which interferes with their noxmAl
rhythm. The common symptoms on the part of

the gastrointestinal tract duri.ng toxemia are

those of decreased motility and decreased secre-
tion-hypomotility, hypochlorhy dria and consti-
pation due to lessened secretion and lessened

peristaltic action . This is common in all acute,

infections accompanied by marked toxemia.

The sensory sympatheties supplying the lung

mediate with the spinal nerves in the cervical
segments of the cord and prodnce reflex spasxrz

of the muscles supplied by the motor nerves,

and reflex pain in the tissues supplied by the
sens4ry nerves, and, if the process becomes
chrc-mic, trophic changes in the skin, subeutane-

ous tissue and muscles supplied by both motor

and sensory nerves .
The sensory fibers of. the pulmonary vax^us
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(parasympa.thetics) mediate with other fibers of
the vagus and with other parasympathetic
nerves ( 7th and 9th cranial nerves ) and with
the 5th cranial nerve which stands in the sam:e
relationship to the sensory fibers of t_he vagus
as the spinal nerves do to the sympathetics .

It is through the vagus (parasympathetics)
then that the reflexes take place which affect the
gastrointestinal canal when the lung and bronchi
are inflamed. This parasympathetic stimula-
tion is the cause of all the common reflex func-

tional distur'bances in the gastrointestinal can.al
which result from pulmonary inflammation.

Before one can understand the reflex symp-
tosns which arise from inflammation in any or-
gan, he must first appreciate the fact that nerve

cells in different individuals and in the same in-
dividual at different times show different de-
grees of irritability ; and second, that a nerve
cell will not discharge and produce action until

the stimulus is adequate . In other words, nerve
cells are able to withstand a certain amount of
stimulation without . producing action, and this
amount varies in different individuals and in
the same individual under different cir.cum-

stances. This accounts for the variability of
symptoms as noted in a given disease, a fact

which has always made diagnosis difficult . The
diagnostician must remember when, studying

symptoms, that a given stimulus has a tenden,c91
to produce such and such an action, but that
this action may not occur 'because the stimulus
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may not be adequate to discharge the nerve cells

upon which the action depends. A given stim-

ulus might be able to produce syndromes in sev-
eral systems of the body, or several syndromes

in one system ; yet one or more of these might
fail to be present .

When the lung is inflamed the sensory fibers

of the pulmonary branches of the vagus are ir-
ritated, and stimuli are carried to the sensory
nucleus of the vagus in the medulla whence they
are transferred to other neurons with which

they mediate, viz ., vegetative fibers of the 7th,
9th, and 10th cranial nerves and somatic fibers

of the 5th cranial nerve .
When mediation tak.es, place with the 5th, 7th,

and 9th cranial nerves, reflex action results

mainly in an increased secretion and an in-
creased irritablilty of the nasal and oral cav;-
ties, the pharynx, salivary, and lachrymal

alands ; in vasomotor disturbance in the eheekm
and tongue ; in trophic changel in the tongne,
which at times causes it, when protruded, to

turn toward the affected side ; and in pain ex-

pressed in the sensory neurons of the 5th

cranial nerve (headache) .

When mediation takes place in other portions
of the vagus nerve, reflex action may result in
any tissue which this nerve supplies, such as the

larynx and pharyng,° the bronchi, heart, upper
portion of the gastrointestinal canal, liver and

gall ducts, and pancrea.s .

Reflex stimulation, if adequate, produces the
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action which normally belongs to vagus stimula-

tion in these structures,-an increased tonus in

the muscles and . an increased glandular secre-
tion:

It is now evident that if stimuli which course

centralward over the sensory neurons of the

pulmonary vagus are transmitted to the efferent

motor neurons of the vagus which supply the

gastrointestinal canal, that they will have a
tendency, reflexly, to cause an increased tonus

in the musculature and an increased seeretion

in the glands . This is what we find clinically
when the pulmonary tissue is irtflamed in such

chronic diseases as pulmonary tuberculosis . The
"so-called" functional disturbances on the part

of the gastrointestinal canal, which are so com-

mon in pulmonary tuberculosis, are nearly all

of this type .

Variability characterizes functional disturb-
ances. These symptoms may be present at one
time and not at another. Unless one is familiar
with this characteristic he cannot fully appreci-
ate the gastrointestinal symptoms, in pulmonary
tuberculosis .

The common syndromes on the part of the
gastrointestinal tract which are indicative of a
preponderating vagus stimulation and which

often result from reflex stimuli arising in other
organs which are the seat of inflammation are

nausea, vomiting, hyperchlorhydria, gastric
hypermotility, colicky pains, spastic conditions
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in the intestines, notably spastic constipation,

colitis, diarrhea,, and intestinal stasis .

This group of functional disturbances makes

up a considerable proportion of the symptoms

on the part of the gastrointestinal tract of

which patients suffering from early active or

chronic semi-quiescent tuberculosis complain,

and sends the patient to the gastroenterologist

as often, if not more often, than to the special-

ist in disease of the chest . In fact, the reflex

symptoms which are caused by clinical tuber-

culosis before the advent of marked toxemia,

and productive cough, and during the stage of

semi-quieseence are practically all expressed re-

flexly through the vagus in systems other than
the lower respirator` ; in the larynx as irrita-

tion and cough ; in the heart as an inhibiting

effect producing instability ; and in the gastro-
intestinal canal in the form of the syndromes

above mentioned .

These symptoms may be caused by conditions
in which the vagus nerve cells are hyperirritable
(vagotonia) ; by conditions which produce a

marked stimulation of the vagu,s or a decre .a.secl

stimulation of the sympathetics ; by direct irri-

tation of the nerve, cells lying in the walls of

the stomach and intestine ; by reflex action in

one part of the intestine, the stimulus coming
from another part ; or reflexly from inflamma-

tion in other organs. The most common sources

of reflexes coming from without the intestinal
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walls, in my experience, are the appendix, gall
bladder, lung, and eye .

It can be stated as a rule that functional dis-
turbances on the part of the stomach and intes-

tinal tract are more commonly an;' expression of
reflex action from some other organ than from
a disease of the tube itself ; and, when the syn-

dromes here mentioned are present, the appen-
dix, gall bladder, and lungs should be carefully
examined for the presence of disease, and eye

strain should be considered . One must not for-

-yet, however, that so-calleci unrvoi ;s ?ndividualti
(vagotonies) are also prone to show this same

picture of functional disturbance. The expres-
sion of "nervousness" in the gastrointestinal
canal is predominantly that of increased vagus

stimulation. When vagotonies suffer from a

pulmonary tuberculosis or a chronically in-

flamed appendix, or a disease of the gall blad-
der, then the svmptoxn:s on the part,of the diges-
tive system whieh result from vagus stimula-
tion are prone to be very much exaggerated .

In order to understand what fiinetional symp-

toms on the part of the digestive system are

prone to manifest theinse'ves in a patient suf-

fering from tuberculosis, it is necessary first to

know the nervous, the physical, and the psychi-

cal condition of that patient before he sufeired

from pulmonary tuberculosis ; to know whether

he previously suffered from any particultr type

of digestive disturbance, and to know what

other complications may be present . It is also
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necessary to make a distinction between active

pulmonary tuberculosis with marked toxemia

and the type of disease when toxemia is not

prominent .
This is evident from the fact that reflex

sym.ptoms do not arise except as the stimulus

causing the reflex is sufficient to overcome the

action of opposing nerves . When nerve cells

are in different degrees of irritability, the

strength of the stimulus necessary for their dis-

charge will vary greatly . As long as the forc

e of the sympathetic neurons in the intestinal

traet is equal to or approaches the force of the

neurons of the vagus nerve (parasympathetics)

no disturbance in motility or secretion will take

place, and normal function will exist ; but just

as soon as the force in one system overbalance-,

the -other, symptoms will arise .

When the pulmonary parenchyma is inflamed,

as it is in tuberculosis, the sensory nerve end-

ings of the pulmonary branches of the vagus
nerve are irritated. This stimulus is carried to
the medulla, where it is transmitted to motor

neurons, which produce reflexes in structures
supplied by them. Among the nerves involved
are the motor fibers of the vagus which supply

the stomach and intestine . This stimulus has

a tendency to produce action in all the motor
neurons to which it is transferred ; and when
it is adequate to overcome all opposing forces

acting upon the sympathetics, it produces para-
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sympathetic syndromes such as are mentioned
below .

Whether a reflex gastric hyperseeretion or
hypermotility (increased muscle tonus), or a re-

flex intestinal hypers,eeretion or hypermotility
(increased muscle tonus) will occur depends
upon whether the stimulus arising in the in-

flamed orga,n and transmitted to the muscula-
ture and secreting glands of the stomach and
intestine through the vagus is sufficiently strong

to overcome the opposing inhibitory action of
the sympathetic nerves supplying those tissues .

This will depend also, to a large extent, upon
the natural charaeteristics and tendencies of the
patient . That the stimulus is adequate in a
large proportion of instances is evident from

the frequency with which patients atflicted with
pulmonary tuberculosis suffer from reflex nau-
sea, vomiting, hyperchlorhydria, spastic consti-
pation, colitis, intestinal stasis, and colicky pains .

These syndromes are common in patients who
were free from them prior to their clinical tu-

berculosis and are often rendered more annoy-
ing in those instances where they were previ-
ously present . I have seen hvperchlorhydria

in many instances during the high fever ac-
companying cavity formation . Not infre-
quently have I seen a relative bradycardia at
the same time . These symptoms can only be inter-
preted as being a result of reflex stimulation of
the vagus from inflammation in the lung, com-

ing as they do during severe toxemia, which
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stimulates the sympatheties, deDressing gastrie
secretion, and produces an accelerating influ-

enee upon the heart . Nausea and vomit:ing,
which are often present at these times, are also
frequently of reflex origin. These reflex re1a,

tionships I have discussed quite fully in previ-
ous c ommuni c atio ns . 1°='

A few words in explanation of the reflex
nature of these syndromes may not be out of

place. I do not wish to be understood as main-
taining that these syndromes when present in
pulmonary tuberculosis are always a reflex from

the lung, for I realize that there are other
causes operating ; but I des ire to emphasize that
the inflammatioa in the lung produces stimuli
which have a tendency to produce them. Nw~-
sea and vomiting, found in pulmonary tubercu-
losis, are undoubtedly often of reflex origin ;
being an expression of increased muscular tonus

in the gastric walls. These patients also, at
times, show more than ordinary degrees of hun-
ger. Carlson has shown that this phenomenon

is due to increased gastric motility .

Colicky pains are very common during the
course of pulmonary tuberculosis. Unless there

be a mechanical obstruction these are usually
due to areas of spasticity in the intestine which
interfere with the onward movement of the gas,

causing it to accumulate, and distend the gut
and cause the pain . When the intestinal mus-
culature is in a state of increased tonus, differ-
ent areas of the gut show di€Ferent degrees of
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irritability, a condition which favors constric-

tion at intervalsi and permits, of the accumula-
tion of gas with distention of the bowel prox-
imal to the constriction .

Spastic constipation often rss-Ots from rc-
fiegly increased tonus in the musculature of the
colon, the stimulus causing the reflex emanating

from the lung. This form of constipation is
usually accompanied by colicky pains . It is due
to the same cause, being An expression of . the
same increased muscle tonus (hypermotility) .

Colitis in tuberculosis has the same reflex
cause as the foregoing phenomena. The vagu.s:,
when stimulated, not only causes an increased
muscle tonus leading to a hypermotiIity, but

also an increased secretion in the intestinal
glands .

The reflex type of iryctestinal stasis is caused
by a retardation of the intestinal contents in
their progress through the canal as a result of

spastic conditions in the bowel .
If we substitute inflammation in the appendi ..x

and the sensory fibers of the va.gr.~s which sup-
ply the appendix in one case, and inflammation
of the gall bladder and the sensory fibers of the
vagus which supply it in the other, for the in-

flammation of the pulmonary tissue and the
sensory fibers of the vagus which supply it, we
have the mechanism which explains the gastro-
intestinal symptoms in appendicitis and. inflam-
mation of the gall bladder. Then, further, if
we will substitute the stimuli which arise from
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eye strain., and the sensory fibers of the 5th

cranial nerve which mediate with the motor neu-
rons of the vagus, for the stimuli arising from
inflamed pulmonary tissue and the sensory fi-

bears of the pulmonary vagus, we will have an
explanation of the reflex mechanism through
which eye strain produces symptoms on the

part of the gastrointestinal canal.
Through an understanding of visceral nerves

and the relationships which are maintained by
the various viscera through them, reflex fune-
tional disturbances are stripped of their former
mystery and placed on an understandable

basis.
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