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MNERVE ENDINGS IN THE REPTILIAN LUNG

Introdustion

Detailed anatomieal Imowledge is lacking of the nerve supply of
mest of the visceral organs. This is true éf man and the mamaals, in
which forms such studies as have been made have for the most part been
conducted. In sub-mammalian vertebrates there 1s an almost total lack
of literature on the subject. The velue of comparative s#udiea, both
anatomisal and physiologieal, ls gaining inereaaing recognition, end it
ie with a view to filling some of the gaps in our knowledge of the innerwva-
tion of one of these orgens, namely the lung, that the present investi~
gation was undertaken. The scope of the present account will be confined
{0 an anatomieal desoription of the nerve irunks and nerve terminations

in the lungs of repitiles, as represented by the turtls and the gnsks.

Review of Literature

The litersture of comparative anatomy is silent oonserning the
irmervation 6f the reptilian lung. The morphology of this organ has
been well described by Gegenbauer ('0Ol), Wiedersheim (%J7), Miller ('98),
Kingsley,('17), and others. Miller describes the snake's lung as a
long, simple sae, smooth in its caudal two thirds, coarsely alveolated
in the cranial third, The alveoli ars not alveoli in the trus gense
of the term, but are out-posketings from the sentral open cavity of the
lung. They are bounded by bands or faseiculi of smooth musels whieh
vary in elevation, being quite low in the distal portions and progressive-

ly higher cephalad. These alveoli are quite shallow in the distal por-
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tions of the lung, mere depressions in the walls; they besome smaller,
deeper and have a more truly sas-like form in the regions nearer the
main bronchus, the musoular walls are thicker about them, and they may
even have quite a constricted, rounded cpening or mouth, Secondary
air sacs extend laterally from these deeper alveoli, marked off in turn
byvsub&ivilions from the smooth musce} trabsculae. The bronchus opens
into the cranisl end of the central lung ecavity at the medial sids but
is not contimmous. Its opening is held patent by irregular placques of
cartilage within the wall. These represent the irregular cartilage
rings of the smaller bronchi in higher formg, bubt they do not sxiend
more than a millimeter or less beyond the aditus of the single bronchus.
The snake has only one functional lung as o rule, the other being
so small as to be vestigial or entirely lacking. The»trachsa ig thus
direcﬁly continuous with the bronchus as a single tube, lined by anmular
sértilnginnus plates which are open dorsally, as in the mammal. These
rings are often fused together, or may be quite irregﬁl&r in shape and
‘poaiticn, and become more 80 es the hilum of the lung is approachsd.

The open portion of the sartilaginous tube posteriorly is cloged by a
network of smooth muscle fuseiouli which corresponds in position and
general arrangement to the musecle of Réiseissen in the mammal. It is,
however, & more open mesh and the fibers lie more obliquely to ths trans-
verse axis of the itrachea, some even being at right angles to it, parals
leling the lumen. The muscls faseisuli of this network merge insensibly
with these of the lung itself at the hilum, the transition in the mucosa
from low columnar to flat epithelium being the only suggestion of a change

at this point.
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The lung of the turtle is much more camplex in structure than

that of the snake. The trachsa and Ercnchi are cssentially the same,

. though the former is much longer and tends to be convoluted or curved.
The main stem bronchus snters the lung at the uppsr ventral portion of
the apsx, and subdivides int§ several tubss. These lead to chambers or
atria, separated from each othgr by septa; the pointes of entrance are
termed by Kingsley ('17), "infundibule.” The septa and walls of the
atria are alike linsd by air sacs or alveoli which are smilar to those
deseribed in the cranial portion of the snake's lung. They are deeper,
however, with secondary sacculi in their walls, and thelr mouths may be
small and cireular or wide and oval. They are also of o more uniform
sige than in the snake. The atria are smaller and more numerous at the
cephalic end or apex of the turtle's lung, larger and simpler towerd the
bases The bromehi do not oextend so far caudally, and air reasches these
distal portions by way of large, rounded openings in the medial portions
of the septa, which here fail to fuse with the medial wall of the lung.
The siructures which maike up the turtle’s lung are built upon a heavier
pattern than ﬁho#e of the snake's lung, the muscle bands are thick, wide

end coarse and the alveoli are much larger.

Material and Methods

The common garter snake, Butaenia, was used for the greater part of
this investigation. Sgveral species of this genus are found in north-

western Oregon; the prevailing ones being E.ysgrans, Eleptosephale, and
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B. sirtalis (B. and G.). Some experiments were alsc carried out on the
turile, Chrysemys marginata. The best results with the snake material
were obtained by the use of 0.1% methylene blue in Ringer's solution or

r‘a‘ff o
0.75% solution. lethylene blue & 0.5% gave the best stein with the

5%,
turtle lung.

The usual technic of injection in the snake consisted of samulising
the trachea and heert under ether anassthesia. Saline 0.75% was then
first injected thwrough the cannula in the heart, the blood bsing drainsd
sway by severing the jugular end portal veins. The injection pressure
must not be high because of the danger of rupturing the eérdiae wallg.

Ag smoon as the washings becams olear the stain was immediately introduced
through the same cannula and the lung allewed to remain undisturbed for
five to ten minutes. less satisfactory results were obtained by filling
the lung with the stain through the tracheal cammula, draining after five
minutes. The addition of one or two drops of 1% osmic acid to 100cc of
the stain was effective in preventing sloughing of the bronehial aud
al'moiar epithellum.

Following either method, seration of the lung was carried out by
means of & rubber hand bulb, inflating end deflating rapidly for fiftemn
minutes or longer, until the proper blue color of the tissue indicated
sufficient exidation of the stein. Extirpation of the lung in the snake
is difficult on sccount of the denger of rupturing the thin Vdimal portion
when removing the liver from ite attachment, so this was usually begun
before the oxidation wae completed. The lung was at once filled with ice—
'aolﬁ 8% ammonicum molybdate and placed in en excess of the sams solution,

kept at refrigerator temperature twelve hours or over night.
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{Hote. The mélybdato must be dissolved in cold water to avoid formation
of free molybdie acid which destains the i{issues.) The ammenium molyb-
date was washed out by rinsing the Ilung several times with cold water,
allowing it then to remain in & stream of running water for am hour. The
lung was next filled with oold 96% aleohol, in which it was allowed to
remain an hour, during which time the alsohol was shanged ssveral times.
This was followed by absolute aleohol, also cold, in which the tissue was
allowed to remain four or five hours or overnight. The lungs were last
placed in xylel, and either embedded in soft parafiin or opened and laid
flat on large slides as spread preparations. Sections were cut from the
paraffin blocks at 60 and 100 miera and mounted serially.

Several preparations were also made with the use of the osmic acid
technic to ahcw‘th§ myelineted nerve fibers. The lung was illed with
0.25% osmic acid after the usual washings of saline, then dissected out
and left in an excess of the same solution for thirty-six hours or longer.
Bumerous washings in running water were followed by immersion in 95%
alechol for ons week, after which the tissue was dehydreted in changes of
95% and absolute aleochol, cleared in xylol and mounted flat or embdedded

and sectioned serially as stated above.

Ubservations.,

1. Snake

Both vagi give fibers to the single lung of the sneke, end sympathet-
ic conneotions are alsc present, but their exact location and extent within
the lung hes not been certainly sscertained in this investigation. These

eomponents form & rather coarse-meshed, simple plexus sbout the traches,

§
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main bronchus and pulmonary vessels, ccmposed for the most part of
large trunks which are made up of many myslinated fibers. These lie
entirely outside the cartilaginous rings of the trachsa and bronchus
and correspond to the extrachondrial plexus of the mammalien lung.
Oroups of ganglion cells are ensountered in the loose sreolar tissus about
the traches and broﬁghusu The connective tissue about these ganglis is
thickened, forming thin capsules, with which the large nerve trunks ere
in oleose ecnnection, even forming part of the walle. From these trunks
myelinated nerve fibers penstrate the ganglis and are seen to terminate
 sbout the nerve cells in simple basket-like networks, to be further des-
oribed below. Ummyelinated nerve fibers are found within the nerve
trunks, many of which are seen to originate from the genglion cells.
isolated nerve cells alsc are found near the main nerve trunks of the
extra-chondrial plexus along the bronshi and within the loose tissues
Just inside the hilum. These are of the same cell type and have connec-
tions similar to those in the larger ganglia.

Within the trachea between the ocartilage plates and the muscle
bundles lies & much finer plexus of nerves, meny of which are myelinated
though the majority are devoid of a sheath. These fibers form a finer
network than that ouiside the itrachea, the meshes lying for the most part
transversely to the long axis of the air tube; only a few of the larger
myelinated fibers parallel the lumen. This may be called the subchondrial
ploxus; it is derived fram branches of the outer plexus which penetrate the
wall. The finer fibers are for the most part post~ganglionie; many of
them are seen to gend out fine oollaterals to the smooth muscle benoath

which the plexus lies.



As the single main bronchus approaches the lung sac the cartilage
plates become more irrsgular, anastomos ing with each other and forming
unevenly-shaped plates which become more sparse caudally and are lost
entlirely at or na#r the polint where the &i{ tube enters the atrium.

This disappearance of the sartil&gaﬂsgzzsiiéxazn the lung leads to = fusion
of the two formerly separate plexuses, and from this point distally their
fibers proceed as a single netwarke I have not encountered terminal
ganglia beyond this point. The merve strands and blood vessels take their
course within the larger smooth musele trabsculas whioh form the boundaries

2 s alhswdosema  swledal Tfua dlua
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of the smake's lung. As the trabeculas become thinner and more sparse in
the more ocaudal portions of the lung the nerve fibers can often be seen
crossing the open floors of the atria just beneath the epithelium, and in
thoge regions where the lung wall contains no musele at all, only a few
myelinated trunits can be discerned, here usually paralleling the larger
blood vessels, though sometimes isolated. They ramify through the sube

musous connsctive tissue and send fine rami up into the basement membrane.

SEHSORY TERMINATIONS  (Snake)

A few sensory nerve endings have been geen in the epithelium of the
trachea and main-stem bronshuse. These are of a rather simple type, showlm
less arborization than those described in the mammalian lung {Larsell, '21),
but they appear to be of the same general construstion. Three or faur
prineipal branches proseed from the medullated nerve fiber, and from these
seeondary and tertiary divisions extend into ithe epithelium. The main

nerve fiber and all the branches are studded with varisogities which vary
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in size and shape; and upon all the fine terminal endings sre small,
rounded Imobs. (Fih. 1.) In the bronchial epithelium these terminal
knobs lie at warying depths between the gpithelial cells, some of the
finer arborigeiions crossing others above and below.

A similar type of ending has been observed in both snake and
turtle preyéraﬁiom lying within the respiratory epithelium of the
alvoli; resembling in both form and position the endings described by
Wolff ('02) in the interalveolar septa of the frog's lung. Rather
large, varicosed, medullated fibers follow the muscle bands and branch
upan enbsring the alveéli; and from these primary rami secondary
branches may be given offs Af ihe ends of the latber rami lie the ter-
minations, whish are composed of éri.naip&l branches, fram which secondary
and tertiery arborizations extend, all ending in fine, rounded knobs.
(Pigs+ 1 end 2.) PFine rugoait.iss are seen upon &ll the terminsl fibers
of the nerve and:’mgg, often more marked and lerger at peints of branshing,
thus appearing as nodal points. Uross sections through these endings
and oblique views of the same make it quite ceritain that they lie within
the respiratory epithelium. The manner of raneching of the main nerve
fiber gives rise to groups of sensory terminations, seatiored over the
floor of an alveolus, most of them entirely isclated from the smooth mug-
ole fascioculi which form the walls, others in olose conbtaet with them.

Lilke endings have been noted in the ceaudal porition of the snaks's
lung, well beyond the limit of smooth musele, though here they are much
less frequently encountered and are apparently of simpler construction.
Some myelinated fibers do not bmrﬁh to form & group as is the usual con-~
dition, but terminate in single endings of the type desoribed. The largsr

groups of sensory endings of this type were most mumercus in the upper ;
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alveolated portion of the snake's lung.

& second type of semsory termination (Figs. 3 and 4) sppears in
the sneke's lung, differing guite markedly from the first described.
These are found in the walls of the alvooli, but are disztinctly seen to
 lie deep to the epithelium within the connzotive tissus. Usually they
sre situated at the ends of wvery short side branches of a main trunk.
However, some of the large trunks terminate in esndings of this iype.
(Fig. 8)« They are psculiar in the faet that they are surrounded by a
sepsule, quite distinotly seen even in preparations in which no sounter-
gtain has besn used. As figures 3 and 4 show, the capsule sppsars eas &
series of concentrig lamelime about the rather complex ending, which is
samposed of two Lo four primary branchings from which finer sesondary and
tertiary fibers arise, a2ll terminating in rounded knobs., The lattier
usually are gquite short and often benit as though confined within the
limits of the capsuls. he larger of these encapsulated sensory nerve
endings are quite complex, with mumerous tertisry branchings, and such
large endings are as a rule the terminetions of myelinated fibers. Those
which lie slong the course of the fibers are smeller, sxhibit lese erbori-
zation, and have fewer tertiary rami. The medullary substance of the
main nerve fiber terminates just proximal to the capsuls.

The position éf these endings is of interesi, for they always are
found near a point of junetion of two or more smooth mussle trabeculse
end where the nerve trunk leaves its usual course within a trsbegula to
traverse the floor of an alveolns. I have feailsd Lo find them in the
epithelium of the main bronchus. This encapsulated ending is not found
in large groups, as is the simpler type first described, though two are

often found together.
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third and entirely different type of ending is that found within
the smooth mussle bundles ehtmselves. (Fig. 6).  This differs widely
from those previously desoribed. The nerve fibers leading te such
endings are large and medullated, ibeir trunks studded with heavy warie
cositiess As they near *bhe‘ir terminations they branch afier much the same
fashion as those which terminate in ithe alveolar epithelium. The nerve
trunks always lie within the smooth musecle bundles. Their tranches follow
the smaller subdivisions of the trabsculae, in the substance of which the
endings are found, lying among the smooth musele cells. Each secondary
branch terminates in a single nerve ending. Careful focussing reveals o
series of fine fibrils which proceed usually from nedal varicesities of
the primary branches of the ending. These fibriles penstrate betwsen the
smooth muscle cells or embrace the musels bundle. Cross sestions show
definitely that the fibrils of this ernding 1ie between ths smooth muscle
cells, their rounded %aminatiané are not in direct relation %o the cells
a8 are the simple motor kmobs., Some of the terminal twigs cross each
other or may anastomose, and in larger endings of this type the primary
and gecondary branches orose and wind about the muscle band in an intricste
manners  In the proximel poritien of the snake's lung groups of these end-
ings are quite frequenily encouniered, as meny as eight or ten having been
counted ariging fram the branchings of a single large, myelinated fiber.
(Fige 7)s» As the smooth musols bands become more sparse in proceeding
cauded, these endings are less often seen, and are not so frequently
grouped, but more usually lie singly as terminmal endings. A striking
feet 1s that these endings also are almost invariably found near points of

bifureation of the smooth musele bands which line the plveoli.
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The neme of “smooth musele nerve spindles” has been applied to
similar endings by larsell, ('21) whe described them first in the
mammalisn lung. The structure in the snake, while simpler, is so nearly
identieal as to justify = similer interpretation and nomenclature. The
position and strueture of these spindles would indicate that they are
stimulated by contrastion and relaxation or stretching of the smooth mus-

cimilaelTy 7o
¢l bands in which they 1is. The,enslogy-with Lhe neuro-miscular spine
dles of skeletal musele and the sensory spindles in tendon is quite
gtriking.

Carpenter ('24) has found tufted or arborescent endings in the
longitudinel smooth mueele cost of the dog's small intestine, to whioh
he asoribes a sensory function. These lie free betwesn the musole ocells,
and do not embrace the musele sirands ss do those just deseribed, but are
mede up of excesdingly deliga*‘aa, heavily varicosed {ibrils, compactly
arrangeds Thegse filbrils are more muerous and are get more closely
together than are those of the smooth musele nerve spindlss, hence the

lattor are probably distinet forms, though possibly analogous.

MOTOR TERMINATIONS {Snales )

Hotor endings of simple type ere found in the snake's lung, in the
zﬁuseulatwa of traches and bronchus, and alse in the tunica media of the
pulnmonary arteries and veins.

Several writers have deseribed motor endings in the smooth muscle
of the traches in the wemmal, and Plogehko ('97) deseribed small ganglion
eelle wilth fine procssses which pass to the smooth muscle bundles, where
they divide and terwlnate in small rounded knobs upon the individual musele

eells, larsell ('21) also has described these ganglion cells, which he
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found both singly and in groups. These cells are swrounded by networks
 of finely varicosed fibers which seem td originate fram the vagus, splitting
to form basket-like pericelluler symapses about ths small ganglion cells.
Thie errangement provides the typieal pre-and pogt-ganglionie mechanism
which is found throughout the visceral efferent system.

The reptilian lung forms no excepiion to this rule. émglian cells
&re found along the trachees and bronchus, end within the cellulsr tissue of
the hilum of the lung. They appear in emall proups or singly in the snake's
lung, the larger ganglia being surrounded by capsules of comnmective tissue.
The nerve trunks lie in relation to the sapsules or way traverse their sub-
stance. {Fig. 8). TFrom the cells bare axone fibers are sometimes dis-
tributed directly to the smooth mussle bundles, where their collateral
brenchings may be traced to fine, knob-like termineticrns upon the smooth mws -
cle calls. (Fig. 9)» In other instances the axone fibers jein the larger
trunks and beoome logt, as it ies impeesible to trace individual fibers of
g0 small & size. It is apparent, however, that similer small, unmyelinated
fivers are given off from these nerve trunks within the lung parenchyma.
Their branches dan be seen everywhere in favorable preperations as mumerous
filaments lying parallsi 'be*hwaén the smeller smooth musocle “smnvdles of the
trabeoulae, these in turn giving of? eﬁilémral twige at right angles which
end in the Jamiliar knob-like motor endings deseribed.

Motor Tibers in the smooth musele of the truches and bronchi are
much more mumerous then are those in the alveclated portion of the lung

itself, where they besome proportiomately less in number as the smooth mus-

ele faseciculi become Ffewer and father apart.
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IENERVATION F THE PULMONARY VESSEIS. (Snake.)

Bections of the snake's lung stained with the methylene blue
technic are very faborable for observations on the inmervation of the
pulmonary blood vessels. There appears to be & much richer nsrve gupply
than experimental evidence would infer, and in the larger branches of
. the pulmonary artery & wvery thiekly-set fibrillar network is seen. The
nerve bundles lie in ithe adventitia, winding about the lumen in =n
irregular nanner, roughly pasraliel te ithe lumen, ensstomosing with or
erogsing otier bundles at frequent intervals. They give of'f secondery
sollateral fibere Ly the smooth musecle of the tunics media, in wuch the
same memner &8 do the motor fibers in the smooth musele of the lung.
(Figs 10). These secondsry branches usguslly run in the same direction
ag the Wunks in the adventitia, and from them proceed extremely fine,
beaded fibrils whieh parallel the eircumferanve of the blood vessel,
between the nmuscls cells; their terminal twigs bear motor knobs similer
te thoge desoribed in the lung itself.

The origin of these fibers to the blood vessels is in doubt.
Kersner, ('11) demonstrated a fins netwerk of nerve fibers with small end
knobs in ihe tunice media of the pufixgonnry srtery of ithe dog, but merely
suggested an origin from the anterior and postericr pulmonary plexuses.
Berkeley ('93) and larsell ('21) have observed ihat the smaller branches
ef the pulmonary artery ia the dog und rabbit derive nerve {ibers from
runks which lis in the bronehial extrachondrisl plexus. I have noted
like connsctions both in the hilum of the snake's lung, where the large
nerve trunks lie close to the main pulmonary artery, and in more distal,

swaller divisions of the artery. (Carlson and Luckhardt ('20) have cbtained
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resulis pxperimentally which indicate that these motor nerve are derived
ehiefly from the vagug in the reptile dnd amphibian,

Fine nerve fibers to the cepillery walls have been demonaireted in
. of my wvreparations. Thasze have baeen repesatsdly seen and desoribed
in mamuel, reptilian and amphibians They were first noted by Beale {'60),
confirmed by Erimke {'$8), and developed by Glaser ('20) and by Krogh and
hig ussistants ('20-'22). The norvees show fine verisositiss ai irreguler
intervals, and appear to mnagtomose with fibers peralleling other sapil~
laries. {Fige 11}« T have seen no ganglion cells in connection with theze
FHICRw et ul AR The fibers usuaily lie upon or at the sides of the capillaries,
each of which hag at leagi one, sometimes iwo, accompunying fibers; in some
cases the nerve fibers run in a close spiral aleng & portion of the eapil-
lary, instsed of paralleling it. BEugling ('08) 4id degeneration experiments

wadch sosm Lo prove that these fibsrs are derived from the dorsal sympathetis

[

a8 post-ganglionic trunks. [fnatomical evidence, ascording to 'f,"rog-;h ('22)
seems Lo point Lo =n anasbonosing networlt as the true comdition. The phys-
iclogical application of the anatomical condition here found opens & wide
field for ianvegtigation, gince nmotor effectors in the form of the cells of

Rouget ('79) have heen proven to axist.

Obgervations (continued.)

2. Turtle.

The arrangement of nerve fibers about the trachea and bronehi of
the turtle is almost identical with that in the snakg. The trunks of
the extrachondrial plexus are large and heavy, while those of ths sube

Ghondrial plexus are fewer in number, smsll and fine, with a larger mmber
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of unmyelineted fibers. Ganglis of a much greater size than those of
ths sneke ars connected with the n@rvsktrunkﬁ which parallel the trachea
end main-stem bronehi.

The main bronehi in the turtle lung subdivide at the hilum, and
eartilage plates of irregular shape are found well down within the upper
portion of the lung, as far as the infundibuls which empty into the upper
atria. Th@ arrangemesnt af‘the plates is quite loose in this region, so
there is not & definite point of fusiun‘of the exira- and sub«chondrial
plexuses, but they gradually merge together and sre continued into the
substance of the lung as one plexus. Ganglia do not appear bsyond the
firast branching of the main-stem bronchus.

The larger nerve trunits lie within the smooth musecls bands. TFre-
qiently smaller branches depart from the mein trebeculae and traverse the
alveoll for long distences, passing over the intervening musecle bands
boneath the basem@ht mewbrane in a direct.ccurse, only to beeome lost

again within the substanse of ancther muscle fascieculus.

SENSORY TERMINATIONS. (Turtle)

The ssmsory nerve iterminaticns of the turtle's lung include the same
three types which were found in the sneke material, nemely, (1) a sinple
type of ending lying within the epithelium upon ths floors of the alveoli
and in the mucose of the bronshl; (2) a more somplex siructure plssed be-
neath Lhe basement membrane and surrounded by a capsule, and (3) the smooth
muscle nerve spindle, almost identienl in form and distribution with that
found in the lung of the snale.

The firat type of ending is so nearly identieal with the ome deseribed

in the snake that furiher description is WG GesArY .
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Enoapsulated sensory iterminations in the twrile lung are lavrger
and more complex than those seen in the gnake's lung. They lie near the
mugele bundles in such reletion to points of bifursation &s to suggest
that they are stimulated by the eollapse of the alveoli or by their exces-
sive distemsv:‘i.om The secondary and tertiary branches of this gnding areg
cheracteristically short, and the entire ending is quite rounded, giving
the impression éf a flet disse  They less frequently lie at the ends of
short laterals from the medullated trunke, but usually are placed singly at
their terminations. Ivham never found these endings in £roups .«

The muecel spindles ars large in the turtle's lung. They are
usually embedded among the smooth musecle cells of & trabesuls, but may lie
superf{icially, their rami surrounding the musele bundle. Humerous anag-
tamoges between the secondary and tertiary oranches are the rule, the
varicesities sre heavy, often appearing as plate-like widenings rather than
es small knobs. The latter are numerous, however, and all terminala lie

between the musele cells.

HOTOR TERMINATIONS.  (Turtle)

Efferent wiseeral fibers are seen in all the turile preparations as
fins, non-medullated filaments dotted with minute enlargements, lying be-
tween the smooth musele cells, upon whish they terminate. The source of
these fibers in the mammal hes boun found by Larsell ('22) 4o be the vagus
nerve, through which preganglionic fibers pags to ihe ‘erminal gangliae.

These lie on the main-stem bronchi or within the hilum of the lung. (Pig. R ).
The ganglia of ﬁ;e turtle lung ers larger, and include & greater mumber of

nerve cells than do those in the snake. The pericsllular networks (Fig. B )e



about the cells are also somewhat more complex, but the sssential
arrangement of afferent snd efferent nerve fibers, nerve trunks and

capsule ars identical in these two reptiles.

INNERVATION OF THE PULMONARY VESSEIS. (Turtle)

The networks of winute, ummyelinated fibers in the walls of the
pulmonery vessels ere exceedingly rich in the turile. They appear to
be more numerous than these seen in the arteries of the snake's lung;
the arrangement, howsver, is almost identical, so does not necessitate
a peoond detaliled desoription.

I

man
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work which appeared in some of the snake material, partly, perhaps, because

of the variation in staining technic.
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Summary.
#
1. Sengory terminations are present in the spithelium of the mein-

stem bronehi snd the alveoli of the smake's lung. Two structural types
are present, ihe first being non~enespsulated, finely branched, with
endings lying bétween the epithelisl cellss The second type is eneap-
sulated, and is located in the connective tissue jus’ boneath the spithe~
livm, usually near the wall of an alveolus or st a bifurcation of smooth

musele bands.

A spoeinlized intramuscular nerve ending is found in the lungs of
Both snaks and turtls, the fibvers of whieh lie beitween the smooih mugoie
cells or twine about the muscle rugeiouli; the fibers with which they are
connected are myelinated and are derived from the trunks of the plexuses
about the bronehi.

3.
Herve endings of motor type are present in the smooth musele trabe-

eulas of the traches, bronchi and lung parenchyma of both forms investigated.

4

£

Intrapulmonary ganglia of verying size are located in the hils of the
lungs near the bronchi in ihese vreptiles. The ganglion cells ere surrounded
by basket-like, pericelluler networks, which probebly represent the termina-
tions of preganglionic myslinated merve fibers from the pulmonary plexuses.
Postganglionic exones are distributed to the amooth musculature of the
bronchi and lungs.

B.
the pulmonary vessels are supplied by s rich plexus of very fine nerve

fibrils, which terminate in relation to the smooth musole sells of the tunioa
medie. :
The capillariss are seen to be supplied by fine network of nerve fibers

which parallel them or wind svirallv sbhout tha luming.



Fig. 1

Fig. 2

Fig- S

Fig. 4

Fign 5

Figo é

Figo 7

Fig. 8

Fig. ©
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DESCRIPTION OF PICURES

Sensory nerve terminmtions in epithelium of an alveclus in the
csphalie third of a snake's lunk. Sueke i0 (a). Methylene blue
staine Spread preparation. Cemera Lucids.

Bréup of sengory merve terminations in epithelium of alveolar
?loor. Snake 10 (a). Methylens blue stain. Spread preparation.
Camera luocidae.

Enoapsulated sensory nerve endings gituated in sub-epithelial
connective tissue nesr & muscle bundle. Snake 13 (a) ii.
thylene blue stain. Spreed preparailon. Camera lucide.

3ensory rarve terminationsof encapsulated type loosted near a
bifureation of two smooth musele trabeculse. Snake 13 (a) i.
Methylene blue stain. Spread preparation. Camera lucida.

Terminal enscspsulated ending of sensory type overlying a junciion
of smooth muscle bands. Sunake 13 (a) iv. Methylene blue stein.
Spread preparation. Csmera lucida.

Smooth muscle nerve spindle embracing & small muscle bundle.
Snake 10 (2). Methylene blue. Spread preparstion. Camera lucida.

Aggregation of smooth mugcle nerve spindles sbout end of an alveolus
in cephalic portien of snake's lung. Snake 10 {2). 50 nicra.
Yothylene blue stain. Camera lucida.

larce, fusiform gamglion nesr main stem bronchus of snake, showing
portions of psri-cellular, basket-1like networks and the relation
of nerve trunks to capsule. Snaks 24 (2). Methylene blue stain.
100 miera. Cemera lucids.

Motor merve terminations in smooih muscle of gnall trabecula of
snake's lung. Snake 7 (4). Methylene blue stain. Spread praparation.
Camera lucida.

Distribution of unmyelinated nsrve fibers in funioca media of a

small pulmonary srtery. Snake T (a). Methyleme blus stain. 50 micra.
Camera lucida.

Notwori: of capillaries with accompanying plexus of fine nerve fibers,
geen in wall of an alveclus. Suske 26 (a)e Methylene blue stain.
Sproad preparation. Camers lucilda.

Ganglion in hilum of Turile lung, showing portion of nerve trunk in
relation to capsule.» Turtle iSeR (17). Methyleme blue stain. 100 micra.
Camers Iucide.,

Gluster of ganglion cells near bronchus of turtle lung, showing typical
basket-1ike, periceliular networks sbout the gympethetis ganglion cells.
Turtle 15-R (17). Methylene blue stain. 100 miora. Camera lucids.
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