A system of human anatomy : including its medical and surgical relations /
by Harrison Allen. With a section on histology. By E.O. Shakespeare.

Contributors

Allen, Harrison, 1841-1897
Shakespeare, Edward O. (Edward Oram), 1846-1900
University of Leeds. Library

Publication/Creation
Philadelphia : H.C.Lea's Son, 1882-1884.

Persistent URL
https://wellcomecollection.org/works/bd7n6b7c

Provider

Leeds University Archive

License and attribution

This material has been provided by The University of Leeds Library. The
original may be consulted at The University of Leeds Library.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

Unable to display this page



The University Library
Leeds

Medical and Dental
Library




i e il e R T B -~y . S

I

30106 004065198

ASSVSTREM () I

HUMAN ANATOMY.

INCLUDING ITS

MEDICAL AND SURGICAL "RELATIONS.

By

HARRISON ALLEN, M. D.,

FROFESSGR OF TFHYSIDLOGY 1IN THE UNSIVEESITY OF FEXXEYVLYVANRIAL, ETC, EIC

TLLUSTRATED WITH THREE HUNDEED AND EIGHTY FIGURES ON ONE HUNDRED ANID NINE PLATES, MANY OF WHICH
ARE BEAUTIFULLY COLORED, THE DEAWINGS BY HERMAXNXN FABER, FHOM DISSECTIONS EY THE AUTHOE.
ALSD, UPWARDS OF TWO FHUNDRED AND FIFTY WOODCUTS IN THE TEXT.

S!'.:. TION I.—IIIS'IOI,{-](j'\lv

BY

E., 0. SHAKESFEARE, M. D,

OPITHALMOLHIST 10 THE FHILADELTHIA NOSTITAL.

PHILADELPHIA:
HEWNEREY @ [EEX S SON & CO.
18 8 2.

LOXXN DO

X HENRY KIMPT r;?ﬁ:ﬁ}amunn, W.C.
: AND 18, Lﬁamrm OAD, S.E.




DUNGLISON, ROBLEY, M. D.

MEDICAL LEXICON: A DICTIONARY OF MEDICAL SCIENCE. l_:unm'm'mg a concise D:-;Ill:'l.nﬁlicln
of the various subjects and terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, Fharmacology,
Pharmacy, Surgery, Obstetrics, Medical Jurisprodence and Dentistry: Notices of Climate and of NMineral
Waters: Formulz for Officinal, Empirical and Idetetic Preparations; with the aceentuation and etymology
of the terms, and the French and other synonymes, so0 as to constitute a French as well as an English
Medical Lexicon. A new edition.  Thoroughly revised and wvery greatly modified aud augmented. By
Ricuann J. Duxcrisox, M, I In one very large and handsome royal octave velume of 113g pages. Cloth,
s6.50; leather, raised bands, £7.50; very handsome hall Russia, raised’ bands, £3.

STILLé, ALFRED, M. D., LL. D., and MAISCH, JOHN M., Fhar. D.
THE NATIONAL DISPENSATORY, CONTAINING THE NATURAL HISTORY, CHEMISTRY, PHAR-
MACY, ACTIONS AND UsSES OF MEDICINES. including those recognized in the Bharmacopoeias of
the United States, Great Bntain and Germany, with numerons references to the French Codex.  Second
edition, thoroughly revised, with numerous additions.  In one very handsome octavo volume of 16g2 pages,
with 239 illustrations, Extra cloth, 86.75; leather, raised bands, £7.50; very handsome hall Russia, raised
bands and open back, #8.25.
FLINT, AUSTIN, M. D.

A TREATISE ON THE PRINCIPLES AND PRACTICE OF MEDICINE. Designed for the use of
Students and Practitioners.  Fifth edition, theroughly revised and much improved. In one large and closely-
printed octavo volume of 1153 pages.  Cloth, 85.50; leather, §6.50; very handsome half Russia, raised bands, 257.

THOMAS, T. GAILLARD, M. D,
A PRACTICAL TREATISE ON THE DISEASES OF WOMEN. Fifth edition, thoroughly revised and
rewritten.  In one large and handsome octavo volume of 810 pages, with 266 llustrations.  Cloth, 85 ; leather,
£6; very handsome half Russia, raized bands, 26.56.

PLAYFAIR, W. 8., M.D,, F.R.C. P.
A TREATISE ON THE SCIENCE AND PRACTICE OF MIDWIFERY. Third American edition,
specially revised by the Author.  Edited with additions by Ropert P. Harris,:M. 13, In one handsome octavo
volume of 655 pages. with 183 illustrations.  Cloth, 84; leather, 85 ; half Russia, raised bands, 85.50.

SMITH, J. LEWIS, M. D.
A COMPLETE PRACTICAL TREATISE ON THE DISEASES OF CHILDEEN. TFifth edition, thor-
oughly revised and rewritten.  In one handsome octave volume of 830 pages, with illustrations.  Cloth, $4.50:
leather, #5.50; wvery handsome half Russia, rased bands, 86

CORNIL, V., and RANVIER, L.
A MANUAL OF PATHOLOGICAL HISTOLOGY, Translated with Notes and Additions, by E. Q.
SHAKESPEARE, M. I, Pathologist and Ophthalmic Surgeon to the Philadelphia Hospital, and [. Hexey C.
Simes, M. I, Demonstrator of Pathological Histelogy in the University of Pennsylvania. In one very hand-
some octavo volume of Sco pages, with 360 illustrations. Cloth, 83.50; leather, $6.50; very handsome half

Russia, raised bands. 7.
DALTON, JOHN C., M.D.

A TREATISE ON HUMAN PHYSIOLOGY. Designed for the use of Students and Practitioners of Medi-
cine.  Seventh edition, thoroughly revised and rewntten,  In one very beautiful octavo volume of 22 pages,
with 252 claborate illustrations. Cloth, 35; leather, 36; very handsome half Russia, raised bands, $6.50.

GRAY, HENRY, F. R.5.
ANATOMY, DESCRIPTIVE AND SURGICAL. The Drawings by H. V. Carrer, M. 1), and Dr. West-
smacort,  The Dissections jointly by the Avrdor and Dr. Carrer.  With an Introduection on General
Anatomy and Development by T. Horses, M. AL, Surgeon to St George's Hospital, A new American from
the eighth enlarged and improved London edition.  Towhich s added Lanpamarks, MEDICAL AND SURGICAL.
By Lurner Howpex, FLR.C 5 In one magnificent imperial octave volume of g93 pages, with 523 large
and elaborate engravings on wowml.  Cloth, 86: leather, 87:; half Russia, raised bands, £7.50-




ALILEN S

HUMAN ANATOMY.

——re

ELLSTOLOGY,



Entered acecrding te the Act of Congress, in the year 1552, by
HENRY C. LEA'S S0N & CO.,
in the Dfiee of the Librarian of Congress. Al rights reserved.

A
i *




DORTENTS.

HUMAN ANATOMY.

ISTRODUCTION .
DerixiTioNs

AxaToMican NOoMENCLATURE .

HISTOLOGY.
Lysen 23
Cuvee 25
Broon 29
ExporneLicy . 84
Coxxeerive-Tissve Ceris &5
EmTueLirn a7
The Epithelivm of the Skin HT)
The Epithelium of Muacous Membranes . . B8
Glandular Epithaliom 40
Tue Coxxectivi-Ti=svr SvsTEM 45
Mueous- or Gelatinous-Tissue 15
White Fibrons-Tizsoe 46
Yellow Elastic-Tissue 47
Adipose Tissue . Al

PFAGE |

17
19
o0

CARTILAGE
Myaline Cartilage

Yellow Elnstic or Retionlar Cartilage .

White Filirous Cartilzge

Boxe oi Ussnovs Tisser
Dhgification

DeveLorvexTt or Boxe .
Endochondral Baone
Intermembranous Bone

TeETH
Strocture of the Teeth

MuscLe
Smooth or Unstriped Muosele
Sirinted Musele .
Dievelopment of Musele

BroopvEssiLs

Nervous Tissve
Cerebro-Spinal Nerves
Feriplieral Terminations of Nerves
Nerve-Coenires -
Spinal Nerve Ganglin
Sympathetic Nerve Ganglia

Tue Lyvraanic Systeu .

Lymphatic Glanids

(iii )

bt
ki)
a0
04




Digitized by the Internet Archive
in 2015

https://archive.org/details/b21506607_ 0001

y



HUMAN ANATOMY,

IXCLUDING ITS

MEDICAL AND SURGICAL RELATIONS.

s

INTRODUCTION.

I']' i3 the design of this book to present the faets of

human anatomy in the manner best suited to the
requirements of the student and the practitioner of
medicine. The author believes that such a book is
needed, inasmuch a3 no treatize, a2 far a2 he knows,
I:unl:i'luﬁ, in addition to the text dl_'z-i{'.ripti".‘ﬁ of the
subject, & systematic presentation of such anatomical
facts as can be applied to practice.

Works on anatomy may be placed in two groups:
these written by scientizts which have no special ap.
plication of any kind, and those written by surgeons
which have a decided leaning to surgieal application.
The model for the latter group originated in Europe,
"|.‘|".I:Il‘:'|'l.: |1Iﬁ ]i!lﬂ iﬁ FEI.‘IFE'I].:‘; L]I'I'I“"I'I ]:Jl_'['l'l'l'.[f'll F“rgi.ﬂ.'ll :l'lld
I'l"l!.'_‘,'l'li.l:..'l[ E'Il":l(:l:i{:l_‘..
to detect the fanliy plan upon which both these va.
rieties of hooks are constroeted.  The seientist neces-
sarily lacks elinieal knowledge and sympathy; the
surgeon lacks interest in all but one clazs of subjeets.
A book which will be at onee aceurate in statement
and eoneize in terms; which will be an scceptable ex.
pression of the present state of the science of anat.
omy; which will exelnde nothing that eon be made
:'I,]_“J]'I".I::tb]l: [0 E!Jl“." [II{'LH{'.’lll art, :l'lll! '|'|'.|:Ii.§.'pl'| “'i.].] [;ll'l!-'\.

Tt ]'(Hlllir{!:i but little discernment

embrace all of surgical i.ll'IE1l:rr!:I!]l'.‘-l!1 while ulniltiug
nothing of value to clinical medicine—would appear

to hiave an excuze for existence in a eountry where |
most surgeons are general practitioners, and where |

there are few general practitioners who have no in-
terest in surgery,

The anthor may be allowed to say that, in ihe
performance of his self-imposed task, nothing has been
3

hastily or inconsiderately undertaken. He las been
actuated thronghout by a sincere desire to produce
a useful book. He has subordinated all other ten-
dencics and notions to this end. In occasionally
attemnpting a method of treatment of a subject some-
what different from the one usually accepted, he
has not departed from established ways of teaching
for the sake of appearing to be original, but for
F‘PIH.I reasons, as IIL“I trusis "I.'l'i]]. :J!lEll‘:Jr l||\.'I'I1_"|'|. ‘[hl}
]'l_‘:ll:].l.‘r m!l]l]\:]rt'ﬂ tIJIJ 1ex1 'l'l-'i[]l t’l:ll of {]1.]'“.‘]' IHHI!{?_; 0l
anatomy,  The plan adopted iz one necessarily
The author lhas g]u.':m:-tl his materials
from every sonrce sccessible to him, and, so far from
fearing a charge of plagiarism, be will be glad to have
the instaneez noted in which he has bad the ;_ftm-] taste
to appropriate an oceasional apt phrase or striking
adjective.  There iz doubtless a greater degree of
i.]l{ll.:hil.:l.illl..‘f‘ﬁ (]'11: I'.I'II;_:“FI] '||'|'1J]'k:‘: !l]:ll! tIH._.‘ :l'II.TI‘IHI' I-.ﬂ

urtt:'l.'u:]u]u::] i,

aware of, since the powerful impressions they have
made on his mind must remain wneonscionsly 1o in-
floenee his style,

By way of introduction to the eszential features of
the volume, the attention of the reader is invited
to the kinds of knowledge of the human IHKL}' the
phyvsician demands.

Tn the first [-]:11'0, the T'-]l_\'ﬂit:i;m demands an exaet
:lmtu:tinl:lm:u with the form and constroetion of the
Organs of the huli:.'. But, inasmueh a3 an anatomical
fact iz of little uze unlezs the range of the applieation
of the et is koown, the due connection between the
normal condition of an organ and the variation in the
condition of that organ within the limits of health will

k)



18

INTRODUCTION,

e

receive proper attention.  Accordingly, the typical |
deseription of each organ will be followed by a Lrief '
statement of “ variations.”

In the sccond place, the physician demands a
knowledge of the relations of the parts.  This
information it is necessary to possess in performing
operations and in explaining signs or symptoms,
Anatomical relations may be interpreted to be the
mutual disposition of those parts which oecupy the
same neighborhood.  The local value of relation has |
been enforced by the surgeon whose accurate know-
ledge of each special region is held by him to be of |
great importance; but the general practitioner cannmot
appreciate the neeessity of keeping up ever refresh-
ened impressions of these regions. The apatomical
relations he needs are determined at the examination |
of the sick, or at the autopsy. While parts in a given
region may hold both surgical and medical rela.
tions, this need not of necessity be theease.  In many
instances the medical relations involve parts remote
from one another and separated by one or more
topographical regions. The former will receive the
name of the topographien! or the divest relation ; and
the latter the elinical or the dadiveef Telation.

In the third place, the physician needs some acconnt
of the uses of the organz. This subject overlaps
That much f)l]l:," will e
sueeinetly given as may be said properly to illustrate
the subject from an anatomical point of view, and at
the same time to be free from CONIrOvErsy.

I the fourth ]:]nm. the physician must have a true |
conception of the nature and general behavior of
I'I'I.f}l'hi{] Pri":‘l!ﬁ.‘il!ﬁ, .'IIII.]. l:}.r ti]l..‘- manmer ;II 'l'l."]l'HJ-h ﬁ'l]l:,'-‘l:l
I!]'Uﬂl_‘,!"\:il.f'ﬁ F1Y LB Illlll!i[iﬂll h“" il H::IIH_}'. [[i.h L'.EJ'I'I"I['ITE:I]‘E Ilﬁjr'lll

tl]u‘sin]ugi.c;:l.l anatomy,

of the u]t:mgm-] due to diseased action in a gi\'gn p|ru_:|;,t
must be fairly proportional to his knowledge of the
normal anatomy of that place. Thiz subject, which
will receive the name of localization of diseased action,
will be illustrated for the most part by concise state-

ments of recorded eases, in which the essential feature
of cach case will be l.‘]'l'll1|!lli!i;'.{.l;'\l.l and the I_H:a.ring it
has on the subject treated of clearly shown, The
material in these sections is capable of Leing uzed by
the student in two ways: first, in bringing foreibly
1o his mind the value of the facts lhﬂtl‘l:-‘ﬁl'l.-‘ﬁﬁr sinee
cases similar to those quoted may occur to himself
after graduation ; and, secondly, in lightening the
task of remembering important though otherwisz un-
inviting details.  In a word, anatomy may thus be
made—what lll]rﬂ!l"l-'l.lltuli..‘!}" it r:u‘cly is—an faulercsting
.a‘ir::fy,

In |1re5c||ting anatomical features in c:up]anﬂt.ic:u

; of given lesions, or of signs, or symptoms, care has
| been taken to give the sources of the statements made,

It is hoped that the original papers or volumes con-
taining such statements will be consulted whenever
this is practieable.

May not a yet more important use be made of
these cases? May not a series of sueh abridgments
be available in assisting the practitioner in detect-
ing the significanee of ohseure conditions in relation
to which the underlying facts are anatomieal 7 Should
these questions be answered affirmatively, this book,
it is hoped, will take a place among the physician’s
volumes of daily reference.  In order to assist in the
attainment of this object a copious index of diseases
and injuries, in addition to the index of subjects, will
be appended.

Among other matters, the book will be found to
contain an elaborate deseription of the tissues; an ac
countof the normal development of the body; a section
on the nature and varieties of monstrosities; a section
on the method of condueting post-mortem examina-
tions; and a section on the study of the superficies of
the body taken as a guide to the position of the deeper
structures. These will appear in their appropriate
places, duly subordinated to the design of presenting
a text essentially anatomical,
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DEFINITIONS,

AXaToMY 15 the science that troats of the enume-
ration of organized bodies, and the description of
their structure.

Huymax Axarouy treats of the anatomy of man.

CoMPARATIVE AxaToMY, as usually understood,
treats of the anatomy of all animals exeepting man.
In a better sense, Comparative Anatomy includes the
form and strueture of animals as related among them-
selves rather than as related to man.  The term may
be also used in speaking of the anatomy of the differ-
ent races of mankind as compared with one another.

DescrirTive ok SYSTEMIC AXATONY treats of the
body as classified by its tizsnes or organs.  Thus, the
bones, the muscles, the bloodvessels, the viseera, ete,
severally distinet from one another.  Descriptive
Anatomy iz opposed to Topographical or Regional
Anatomy. In this subdivision the body is divided
by the relations of its_parts to one another into a
number of more or less arbitrarily defined regions.
Surgical Anatomy i3 a term often used to designate
that branch of topographical anatomy which treats of
regions of speeizl importance in the study of surgical
operations and of the eflects of injury,  Medical
Anatomy is of similar import to the foregoing, but
refers chiefly to the relations of parts as specially
considered by the student of clinical conditions as
distinguished from surgical.

are

GENERAL ANATOMY treats of the composition and
general relations of the tissues and organs.  Thus,
by the general anatomy of bone are understood, first,
the composition of the fibrous tizsue, the cartilage,
and the salis contained in the bone; secondly, the
rclations that these hold one to another; and, thirdly,
the conzideration of similar structures or ingredients
in allied tissues, MThe F"lll.lj‘ of the ultimate elements
of strocture, as re ssalvable IH" the mic roscope, haz led
anthors of late years 1o ﬁ!u.“ll. of this branch of Zone.
ral avatomy as Histology or Mieroscopical Anatomy.

In Jike manner, the chemical analysizs of tissue is
treated of under the head of Zoo.chemistry, or PPhy.
siological Chemistry,

General Anatomy is opposed to Special Anatomy,
which deals with the elucidation of a single part.
Comparative anatomists apply this term to the strue.

| tare of a single animal when ne comparizon iz en-

tered upon, In this sense human anatomy itself is a
SE'L‘EE}I] lEH.L'I|:'l1'l'lll:|1‘|.".

Monrrorosical Axatouy, or Morphology, is the
seience of organio form, and treats of homologies anid
the comprehensive relations of parts, especially those
relations indieating zoological affinity. It is often in-
exactly spoken of az Philosophieal or Transeendental
Anatomy. It is opposed to Teleological Anatomy,
or Teleology, which treats of the adaptations of parts

| or organs to certain final specific nses,

Puvsiotocican Axarouy ineludes the considera-
tion of the functions of organs, but in a more general
sense than teleology.  There is no sharply-defined line
separating physiological anatomy from physiology or
physies. The physiclogical anatomy of the eye is at
onee its |'r]|1.'51rﬂng:.'l w]t'u;:hl in turn, can b g};pluiuwl
only by reference to the principles of physics as ap-
plied to vision.

Morein Axatoumy is the zcience which treats of
the variationz in the normal anatomy as determined
by diseazed action. It iz conventionally beld 1o in-
elude congenital defeets, or gross variations in strue-
ture: bnt these subjects are best included under the
head of TERATOLOGY,

Pracrical. A¥aToMyY iz a term much in use 1o
embrace the special kinds of printed directions best
anited to those cllgugud in Ji::n:t*.liug__ IE'I-J':-"EI]IL"I' with
the methods of Inn]{illg anatomieal prreparat iun:s_. eto.
It ey also be said to include the 5l1ld:,.' of human
anatomy by dissection in contradistinetion to the
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study of Luman anatemy as a branch of general |
!\:mm']udgc.

Feran AxatoMy, or EMBRYOLOGY, treats of the
origin and formation of the organs in the embryo,
Asz it is naturally congidered in conmection with the
]1]1:.rsicingicn] anatomy of the Organs of gcncmti:m,
it iz often included under the head of Physiology.

ANATOMICAL

In this book the word distal (following Barclay) |
will be understood to refer to a point away from the
centre of the body ; and the word proxémal to a point
toward the centre. For example, the trochlea of the
humerns is at the distal c:i'lmrn'll:.‘ of the bone, while
the head is at the proximal extremity. The word
central also refers to a portion of a nerve or vessel
which iz connected with the centre of the system to
which the part treated of htr]ungﬁ. The mnmining
portion, as u]‘.upn.-'-ud to the central, iz called peripheral,
In the caze of the bloodvessels the central end is often
spoken of az errdiee.

When the axisof the body or a limb iz understood,
the words medion and lateral are often uszed in de-
seribing parts.  MWedicen means near or related to the
axis (median line). Lateral means near or related to
the surface or periphery, as distinet from median.
“Tnner’” and “ outer,” “internal” and “cxternal,” are
wonds very gsrlmrn"}r t‘.mp]u:_.‘t‘:il in the same sense as
median and lateral,
RINCe l]u:,j‘ are also used to denote a central in ni-p-nsL
tion toa peripheral part, asin the contents of a section.

Median and lateral are synonymons with eisceral
(zplanchnic) and parictal, in deseribing surfaces of the
pleura, pericardinm, peritonenm, ete.

A fongitndinel section 12 a seollon cut }Jﬂ.rrL]Iu] 1o
the Inugiludiml axiz of the lhl_‘u]:,.' or limb, It may be
made from before backward, when it is called the
sagittal section {t‘urtitm]m]gituﬂi]lal}, because it is
parallel to the sagittal snture of the craniam; or it
may be made from side to side, when it is called frondal
{vertico-transverse), beeanse it is parallel to the frontal
suture of the craninm.! The frontal section is of

They are less exact, however,

! The terms sagitial and frontal are in g ral mEe MAHAE (Firs
tion of the eranial

He canuet give the au-

mnn writers, That they relate to the |5i.\||-'
sulures is an assompiion of the writer.

thority for their lirst employmenst.

DescrirTive Axatomy.—Its divisions are
lows :—

a5 [l II-

The Bones, or Osteology.

Y JJoints, or Arthrology.
Museles, or Myology.
Bloodvessels, or Angeiology.
Viscera, or Splanchnalogy.
Nerves, or Neurology.

“ Bpeeial Benzes.

NOMENCLATURE.

course, perpendienlar to the sagittal section. Some
writers restrict the term longitudinal to the sagittal
section, in which ease the frontal beeomes toita dex-
tro-sinistral transverse. It is in this sense that Charcot
uses the latter term.  The frontal section of the era-
nium and contents becomes a true transverse section
of the brain, owing to the angulation of the brain with
the axis of the trunk. But a frootal section of the
spinal cond is a longitudinal section, sinee it is parallel
to the axis of the trunk, With the exercize of a little
eare in the use of these terms, no confusion need oceur.

A transverse section is a section eut perpendienlar
to the longitudinal axis. Thus a transverse section
of a limb is perpendicular to the axis of the limb,

A wertical seetion can be opposed only to a trans.
verse as the anthor defines the word, and may inelude
both the frontal and the sagittal. The term should
be restricted to sections made with direet reference
to the Hllld"." in which the vertical Iu:.l;'lt'!un of the
part is of 'menr!:umt:,

The term herizontad is sometimes used 1o CX[Press 3
section made parallel to the plane on which the organ
or approximate parts rest.  Thus one can speak of a
horizontal seetion of the brain and of a horizontal
semicirenlar canal, becanse these are parallel (or ap.
pmximnlel}r g0 1o the ]:].'ltlr: of the base of the skull.

In a transverse section of the ]::il‘lst‘.uuﬁm:d in that
portion of the trunk, neck, or head which contains
the large vessels Owen has named the structures in
relation to the position of the central nervons system
and aorta. Let it be supposed that it iz desired to
deseribe the parts in a transverze section of the thorax;
then the structures ehore the I H’]J." of the vertebra -
come mewral, and those fiefow the h:)d_‘; beeome hemel,
since the former are near the central nervous syatem
as expressed here in the scetion, and the latter are
near the aorta. In the same way the section of the
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vertebral canal DLecomes the neural space, and the
cavity of the thorax the bemal space. Anything
toward the neural space becomes neurad; and any-
thing foward the hemal space beeomes hemad, ete.

Ventral and dorsal are terms nearly equal in value
to those just given, They more commonly relate to
surfices,

Huxley proposes the terms epi-axial and hypo-azial
to designate the relation of parts to any given axis,
either of the trunk or of the limbz. According to
thiz method, the longissimus dorsi muosele iz epi-axial
to the axis of the spine, while the psoas musele is
hypoaxial toit. The beeps enbiti musele is epi-axial,
the triceps is hypo.axial, ete.  In making these dis-
tinetions the body is assumed to be prone or supine,
The terms pre-aciel and pest-azial may be substi-
tuted for the foregoing in studying a body, like that
of man, in the erect position.

In the naming of organs, it must be acknowledged
that little order exists in the employment of terms,

The terms are often inappropriate, cumbersome in
form, and vague in mesning. They are as likely as
not to be applied in o manner at varianee with their
legitimate use. Authors have muliplied terms to
sucha l]cgrw tll.:li tiu.:rq: are '|:|:|1 ﬂ;w sirmetures which
ar L].'L'ﬁigﬂﬂtl.ﬂl h}" o ﬁi.I'IElls LT 3 ﬂl!d L'i.l]i.."ﬁ‘ no CliEs-
tom has fixed the choice to be made in such sy-
nonymy, clinieal writers are perhaps exeusable in
consalting their own convenience. W lhencever prac-
tieable, the terminology used by elinigal writers will
b i'll‘l!ri.'.]‘n:i] lhnmgh:}ut 1||'Le=_l t.reati.l-'.e, .leiur_-a will
have "headz" and “necks” and econvolutions will
continue 1o *aseend” or ¥ descend,” ag long as prae-
tical physicians employ these words in recording their
eases, With a view of preventing confusion, the
more common of the synonymons terms will be placed
in brackeis afier those adopted by the author. The
Sj'r;lli.ﬂl"u"l'rll.".-ﬁ l'.l‘r -'lll:ltﬂlll]l!:[] terms ol i!'t !,.':l.f'l“"h.l] & i:%
fully exhibited in works readily accessible to the
student.






BHIsTOLOGX.

r ———— s —— — . —

LY MPH.

()F all the tissnez of the human frame, perhaps the

lymph is the mogt important; it is certainly one
of the most extensive,
one-third that of the entire body, it surrounds every
constitucnt of the sonnective framework, and is in close
contact with the clementary parts of all organs, T
iz the ever-present medinm of trapsportation from
the highways of the blood to the cell-elements of the
by, of the pabulum neceszary to their life and fune.
tiom ; it iz the common carrier of the products both of
claboration and of waste of the great connective-tissne
gystem ; and it is the perennial stream, through whose
ageney the depuration of the blood, during its course
in the eapillaries, is balanced by 2 complementary
aceession,

The morphology of the lymph is all that eoncerns
usz in this place. Viewed from this standpoint, the
]fln.ph i_l; One of 1.h|_'. sim}uh'sl tizzues studicd under the
minnm{:\r;;]e_: and it s for this reason that we have
choszen to begin with it.

Under a high magnifying power, lymph is seen to
consist, when freshly examined, of numbers of form-
clements, imbedded usually in a elear, eolorless, trans-
'I:mrm‘llII ﬁ.tril(:tumhsm ﬁuh.lzl.-un_'\e of a ﬂuid COnsisienee
{the lymph.plasma). These form-elements may readily
change their relative positions in the surrcunding
medinm, by means of enrrents in the latter, or by
means of an individual power of locomotion which
seems to be inherenmt in some. In structure, shape,
and dimensions, these forms differ much among them.
sclves, 'll'.’l.rl"ll'.;l.l]!l'r]",' in the warm-bloeded animals; and
their number in a given volume of the fluid mediam,
in which they are loosely suspended, varies greatly in
different parts of the lymphatie system, asccording to

Pogsessing o volume nearly |

the many circumstances which influence the density
and chemical constitution of the ]."_.'Jllfl‘hll!:lﬁntil., as well
as the activity of the form-elements themselves.

The great majority of these elements do not differ
g0 mucl in the general plan of their eonstruction, as
in the proportions of their constituent parts. Before
speaking partieularly of this, however, it should Lo
well understood, that in every collection of lymph
there are present in the plasma forms in widely vary-
ing mumbers representing three gencral elasses of
elements: () minute granoles;
of one or more muelei, and a protoplasmic body;
(e} forms more or less closely resembling red blood-
eorpuseles,

i, Minute yranules.—There are always present in
every 003887 cubic inch of the lymph numbers of
particles, which, under a magnifying power of 300 or
600 diameters, present the form of very minefe gran.
wlsg; they are somewhat splicrical (sometimes angn-
lar}, have a gray, opaleseent appearance, and are in a
state of constant agitation—thus exhibiting the zo-
ealled Brownian movement, It iz the presence of these

{F._} cells eonsisting

l.:].i:lnL:tll::iI"".' ]‘J:Il‘l'ii.'].t:d i]l vast llhlllhl:l'ﬂ 'ﬂ'l:il’l] EE".‘{"E ]'iE'E
to the opalescence of chyle. A more detailed de.
seription of them will be given when the constiution
1:lf ::E::r']l,! i,li t!i:‘:‘.ll:‘::il!(l, I!!I '||::|l,‘! ].:_ﬁ'[!:l!l}l l]ll'ir lllulﬂl-l_']'
varies greatly in different parts of the lymphatic
system ; it varies also from ope fime to another in
collections made at the same point.

b Lf;?nfnﬁ-ﬂa?‘ﬁué‘.‘-ft’&.——rrllb‘ elaracteristic form-ele.
ment of the lvmph is the so.called ymph-corpuscle,
‘l':lri{:l“!'\-]-f tﬁrll“ﬂl E'L"“ww:r‘t!\,'-l “'E]i:ﬂ-(_.'ﬁll'l“l.‘l:]ﬂ__ Or Will-
dering-cell,

|.".1Ir:!'i"!.—‘“]“]'l1.|I ]}"l]'lph'!ﬂ"l‘r!lllﬁ[:llfﬁ '||":]l'.'||' Irlll.l:ll iH "‘Ei.rtﬂ_""l]-
siong, Inwarm-blosded animals their diameter ranges,
in the thoracie duct, from )5 to +lp of an inch,
while, in the lymph of the peritoneum, the size of

(25)
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many eells may even reach ¢l of an ineh. Their
mean diameter is generally less in the efferent than in
the afferent vessels of the lymph-glands,

Numiler.—Their number in a given volume of the
plasma has been found to vary quite as widely as their
dimensions. Owing to zeveral canses, particularly the
viscosity {adhesiveness) of the corpuseles, the ennmera-
tion of these elements has always been aceom plished
with great difficulty, and consequently with much irre-
gularity as toresults, Notwithstanding this, however,
the data obtained tend to establish, with considerable
certainty, the following dieta: 1st. The number of
lymph-corpugeles in any given volume of the plasma
varies widely in different parts of the 1ym phatic system.
2d. In the efferent lymph-vessels of lvmphatic glands
and follicles they are much more numerous than in the
afterent vessels of the same g]nnde—:. ad. "l"i]e_v are nsual-
ly much less numerons in the smaller than in the larger
lymph-vessels of the same course. Indeed, in many
locations, the small radicles of the peripheral Iymph-
capillaries are almost entirely free of lymph- Lurplm.its
4th. The small lymph-zpaces and ]_1, I]1]:|.1~-L ipillaries
Uf ‘[I'lf',. tLI.'ll]{:l]]E- "II“.]. "ipﬂl‘lL“rﬂlﬂ_ﬁ conts lII] .ilmﬂ.‘\t ThOL e
in health, while in the loose connective tissues Iymph-
corpuscles are much more abundantly present.

In the dog, lymph from the thoracie duct, at one
observation, was found to contain 4500 globules per |
008957 e, ¢, ; at another time the number reached 7500
per 0.03937 2. 4, while the number of white corpuscles
in the blood was 25000 per 008987 ¢. i,  In the rabbir,
the same observer (Ranvier) found in the thoracic
duct 11300 per (L039387 e 4., whilst in the blood of
the sorta only 700 were enumerated.

Minwte constitution—Both puelens and t:utl]-hm]:,.r
consizt of a fine network of colorless albumenoid ma-
terial, which incloses in its meshes a semi-fluid sub-
stance, usually alao colorless. Thiz networle is visible
only under very favorable conditions, generally after
the action of certain reagents, yet it has been seen in
other cells of the economy in sith nature during the
life of the animal. The nuelear portion of thiz network
haz been termed the intra-nuclear, while that of the
surronnding cell-body has been named the intra.cellu.
lar network: the fibres of the two intercommunieate
throngh the limiting membrane of the nucleus. The
opalescent or finely-granular appearance of this and of |
the preceding class of white cells or Iymph-corpuscles
is entirely due to the optical effeet of the fine fibres
{forming the network. Seen in optieal transverse sec.
tion these minute fibres appear as fine grayish granules,
and at the nodal or erossing points, resemble dots of
similar aspect, the minute intermediate spaces seem-

| High pewar.
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'mg more brilliant, Tt isthis ﬁl]ul}r-l:nuttim] appearanes
which has suggested the use of the term * finely gromnw-
far," universally emploved indescribing some eells, for
in many healthy livingeells there are really no granules
to be found. a, Fig. 1, represents very fairly the net-
works already referred to. The drawing also very
well shows the difference in the closeness of the two
reticula, By reference to
the figure it will be readily
ohserved that the meshes
of the intra-cellular net.
work are much wider than
those of the intra-nuelear
retieulum. Tt can now be
readily understood that
the semblanee of a granule
or pseudo-nuclens in the
cell-body, or of a spot or
peudo-nueleslus  within

@, White blood.corpuscls, showing
| an inirz.cellalar and ss iotra.nuclear
petbenlam, & Elllprleal soloped Llosd.
corpuscle, showing similar reclouaba.

{Kleim,)

| the nuelens, may be produced by means of a eonden-

sation or contraction of this reticalum at any point.

Varieties.—For convenience of description fymph.
corpreseles may be divided into three elasses—the ex.
treme forms t}f r:.'u:l!l (:I:tﬁ:ﬁr lm".'rr:f.:r, gra{]u:ﬂ]}' ,-g.ha{lii]g
off inte those of the others—as follows (—

1. In every specimen of lymph there are to be
found small colorless eorpuseles, more or less spheroid
in shape, composed of a single roundish nueleus, sur-
rounded by an exceedingly small protoplasmie body.
I their construetion these small cells do not visibly
differ from those of the next sncceeding class, except
in the relative proportion of nucleus to cell-body,
They are present in numbers varying according to
the location from which the lymph may be obtained.
In the thoracie duct their number is about equal 1o
the elements of the second ¢lass, while in the efferent
Iymph-vessels of lymphatic follicles or glands they
are much more numerous, and in the afferent vessels
of the zame glands much less numercus than the
larger lymph-corpuscles.  In the lymph-glands them-
selves these zmall colorless corpuseles preponderate in
the medullary portion, while, on the contrary, the
larger cells far outnumber the smaller in the cortical
portions, Becansze of the wery small prnmp]agrnic
body of these cells !Im.:.' have f]‘(:ill.l(:“”"r been de-
seribed as free nuclei.  Their diameter is often not
more than kg of an inch,

2. A larger finely granular ecll, with one nucleus
about the size of that of the preceding variety, or
with two or more smaller ones, and with a surronnd-
ing cell-body of much greater extent, more or less

spherical in outline when at rest, and composed of a




LYMPH,

second class of lymph corpuseles. In the thoracie
duct, and in the afferent vessels of Iymph-glands, their
dizmeter often reaches o b of an inch, while in serous
cavities it not infrequently measures olg of an inch,
The cell consists essentially of two parts, nucleus and
cell-body.  The nucleus, whether there be one or
more contained within the body of the cell, is usually
spheroid, vesicalar, and possesses a limiting membrane
of double eontour. 'When single, the nuclens iz about
ey of an inch in diameter.  During life, the nuclens
iz, as o rule, invisible, being masked by the natural
slight opalescence of the eellular body surroanding it

3. The intra-cellular reticnlum of the lymph.cor.
pusele may contain, in its meshes, bosides a colorless
hyaline semi-fiuid substance, real collections of colored
or highly refracting material—genuine granafes. The
eell is then ealled o granufar eell. The size of these
granular cells may equal or exceed the dimensionz of
the Ii]n_:l}' gr:nm]:lr L‘.l:n‘Ilub'.-clc', but thcj.' ale prescnt in
the lymph in much fewer numbers than the latter.
The granules are pot distributed evenly throaghout
the cell, but may be more or less grouped in various
portions. Their predilection is for the bady of the
ecll. This iz so atrong, indeed, that when seen during
lifie, light areaz are often obzerved of conciderable
gize wherein scarcely any granules are visible. These
lighter areas gencrally eorrespond to the position of
the nuelei when the cells are motionless.

The lymph-corpusele is destitute of an enveloping
membrane.  When livieg, its substance is soft and
pelatinons, and extremely free to assume any shape
which extraneous or inlierent forces may direct,  Liv-
ing lymph-corpuzseles, when removed from the animal
which they inhabit, and observed under conditions of
lieat, surrounding Huidsz, gases, ete, which are as
|:n|_-,::r|}- as l:ut:las'lhlu natural Lo lhulu, evinee their vi-
tality in numerous ways, amd for longer or shorter
periods.

Movemenis, — Many of these are contractile, and
when watelied sumein’:nll}r |ullg and elose, exhibit
U:’ll"il}“ﬁ- I:lhﬂll.l:l'l[l.(.‘-‘!].'l ﬂr dan i“l’]i"i’dl!-{l‘t IJJIJLi.Ul'h “'!]il:lh
when EI]ETEE}li.[} and prﬁtr:u‘.lul, iy 1111'i|||.:11f:]_',' rezult
in m]l-mu!lipl'lc:ttiun ar locomotion, This contrae-
t.iiit}* seems to reside in the fibres which eonstitute
the reticulum, the fluid and the granules which maxy
be suspended in it having only a secondary or passive
motion. It appearz alzo that the intra-cellular retien-
lum is usually mueh more powerfully active in the
varions movements of the cell than is the intra-
Even a movement which accom-

nuclear networls.
&4

e
minute structure apparently identical with that of the | plishes the division of the nueleus, but stops short of
preceding forms, may be considered to represent the |

complete cell-division, may be eflfected almost entirely
through the agemey of the intra.cellular network.
Yet the intra-nmclear network iz by no means en-
tirely passive, [t possesses and exercizes a measure
of moving power, for certain reliable obzervers have
seen spots or nueleoli move within the nueleus when
the eell presented no other movements.  During the
vontractions and expansions of the retieulum the
fluid and the suspended particles contained in the
meshes are set in motion, and currents more or less
limited are thus produced. In this way suspended
particles, whether elaborated in the eell or imported
th'n‘.imr, may move from Irl:l.t'u 1 |ﬂ.’:r|:u::T while the
invisible contraction or expansion of the retienlum
may bave a location in the cell fitlitt} different from
Ihi].t. I:}F ﬂlE‘! Imoyenent 'Df l!.L[} "p'i!-?]hlU 'l:lal'ticlll';!-,

The Iymph-corpuscles of the second and third elass
are, per execllenes, those cells of the lymph which
exhibit setive movements. The small eolorless cor-
puseles, having only a very thin cell-body around the
mueleus, and consequently a very small amount of
intra-cellular petwork, ns a role, show very fechle
movements, or none at all.  When the fresh lymph
of u batrachian or mammalian animal is, isanediately
alter +;x1r.'|(:11fm, ]!5-'It.‘lt}'f] in o moist chamber aud prrop-
erly prepared for examination under a high power of
the micru:scopc_. al first, the colorless -{bnrpusc:feﬂ are,
more or less, perfectly globular, and so opalescent
that the nucleus canuot be scen.  Presently, if the
temperature of the ]}'Iu]:]l b l{upt F"ﬂm'l.'il.'-ilﬂ_"n' near
that pormal to the animal from which it has been
taken, zome of the finely granular, as well as many
of the gronuler corpusclez are seen 1o put forth from
CRENEr O PO ]Jnrliﬂl'ls ﬂr lh-_‘il‘ ﬁ'l.l]'r:l.f".l’: ll-\'ﬂlilil_‘! HIHEET
which may persist indelinitely, or be at length with.
drawn. These masses, at first hyaline, or, in the ease
of the granular corpuscles, free from granules, soon,
in a greater or lesser part of their area, present the
samme optical appearance as does the body of the eell.
They may then increase in size until perhaps half’ the
volume of the cell has, so to speak, fowed into them.
Afier or before this stage of alteration of form has
been reached, one of two things may bappen. The

| substance of the projection or bud may sink back

ngﬁ.in into the m"-lgimﬂ h')d:r' of the eell, which may
then present it Irriln'.l.r__'-' form, to be ]:L'I‘cll:lllm subse-
gquently alterad again by similar manwuvres; or the
remainder of the cellsubaranee may continue 1o pasz
into the projection, until the latter has completely
absorbed the former. In the latter case, it iz evident
that the loeation of the cell haz been changed, In
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this manner the lymph-cells may elowly move from | into two. Thus, two new cells may be the result-of

place to place. After a considerable portion of the
substance of the cell has possed into a bud or projec-
tion, the two main masses may increase the distance
between their centres by a lengthening out and thin
ning of the pedicle which unitez them (see Fig, 2)
Subsequently the newly.monlded mass may still flow

back into the original cell, as belore snggested, or it |

may draw the original or mother mass into it, or the
t.'|.l|.'<.:t| masses may continue to separate until the unilil]g
bond becomes =0 fine that it breaks, when the two
become independent individuals, each endowed with
the characteristics of the original cell. This is one
of the modes of multiplieation which the student ean
n\adi]:,‘ follow, Instead of one such budding mass,
two or more may sprout from the original cell-body,
iLl'Hl EHE]{‘:I"EL‘,"II.EI: !iJLr'L '-"-'Iri“l.lﬁ- {:I:I:i'l]gﬂﬁ .'lll'-.h:ld_}' -
tioned.  Figs. 2 and 3 very fairly represent the out-

Fig. 2. Fig. 5.

Wiige CoRPRECLE: [0f
Lyspi-crLLs) undergelsg
division, and active maye
ments. High powes, (Car
penter.)

A Graxcram Copprecis oF Newt, chowing

changres nederpose in HRcon minales,
(Ktein.)

High

power,

llifl:!;.‘i “"]lil:!]l ”Il.: ﬂ]'H!Ii.'I.' :_’r.'ﬂl'll.-“'l.]' :"IEI tl]r' El"lﬁlri‘il.!l"!.' :_:_'r:l“-
ular corpuscles present at various stages of their
alterations, although they are drawn from white
hlood-cells, The stroctore of the eells, however, is
mist I"II'!IT"[I"H:.TEEJ 'I.'I.'ill.! l_’.l'illﬂ]. |T1I|hrllhll:'b'ﬁ, l.l:lﬁ gl"ﬂ.lllle‘li"
aspeet of the granular corpuseles being exaggerated
while the nuelei of the fnely granular cells are muel
too prominent. The changes in form already men-
tioned are essentially thoze of budding or gemmation.
At the zame time that 1|11‘J.' are lr:m.-:p'lril:lg the
original nacleus, if there be but one, may sufler
division either by fission or gemmation. Usually
eaizh ]nrgu: bud draws into it a nuclens, if the huddiug
is to result in eell-multiplication,

The lymph-corpuscle, instead of putting out Luids,
may present a constriction in the cell-body, which
may progress until both the nuclens and eell are cut

i

division by seission.

The portion of the cell cut off from the m’igimzl
mass in the two ways above indicated may vary much
in size. Unless the new mass contain a nucleus it
cannot be regarded as a complete eell. W hether such
a nucleated mass be capable of development into a
perfectly formed corpnscle endowed with powers of
reproduction and of ulterior usefulness is a question
which remains open, In every specimen of lymph
there are such masses to be found, varying greatly in
size, but never presenting large dimensions,

The movements above consgidered, becanse of their
rezemblance to those of the uni-ecllular animals ealled
amelwe, were termed h}r Max Schultze amabodd
maovements, and the jl:”}"-lii{ﬂ substance of which the
cells are composed, on aceount of its general resem-
blance to the material of certain vegetable cells, re-
ceived the name of profoplasm.

Dregrees of vitality.—The various colorless elements
of the lymph appear to be endowed with different de-
grees of vitality and of activity. In every collection
of fresh lymph properly prepared for microscopic exs
amination, there are some colorless corpuseles which,
ag long as the examination is continued, remain un-
changed, and, of those which show signs of life, some
prezent much more sloggish movements than others,
O the immobile cellz, those which show a sharply de.
fined nuelens, or two or more of 1he same kind, or which
contain great numbers of fatty molecules, may be con-
F.il].l..‘l"cl']. |I1E1Ti.bu I]L] o E]HI’TIH_." l}f i'l'l[J rl,:l[l(]_ I'Il_t]'}l“'[:lﬁ :,11 T(::L[IJ"
advanced in the process of disintegration. Ranvier re-
gards these as identical with varieties of pus-corpuscles
(see Fig. 4), Those which still preserve their opales-

Poecopprdacies,—1, @, b, o water; e, o, ¢, Gfter the wotion of acetie seid,
2 diwiskon of nmclel—o, &, division progressiog ; o, d, mere or Joss complobe,
i Firehaw,)
cent finely granular appearance, and their nuclens
partly or not at all visible, may, for periods, remain
in a dormant state, and be capable of being awakened
therefrom by the action of a sufficient stimulant,

(henical and physical infuenees —OF the agents
which variously affeet the Iymph-corpuseles, some
of the chief are heat, moisture, oxygen, acids, and
electricity.  Whilst a certain degree of heat is essen-
tial, not only for the mauifestations of amaboid
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movements, but also, even for the existence of life | of their surrounding medium is also necessary for the

in the corpuscles, yet, on the other hand, the tem-
perature cannot pass above a certain elevation with-
out endangering the life of the cell. The two ex-

tremes of heat within which the amoeboid cells are |

active, seem to be for the warm-blooded animals about
70 and 106° ¥, The temperature of the lymph can

be brought much lower than 70° F. without neees- |

garily destroying vitality. Indeed, these cells have
been seen to show every phenomenon of life aficr
freezing and thawing. Protracted lowering of the tem-
perature below the extreme, however, is certain to
induce the death of the cellule. The nearer the heat
approaches the highest extreme the more rapid beeome
the amoeboid movements wntil the limit is reached,
when they saddenly eease in the destruction of the
life of the element, the erisis being manifested by the
retraction of the ameeboid prolongations, the resamp-
tion of the spherical form of the eorpuscle, and the dis-
tinet appearanee of the nuclens, and of the granules
eontained in the body of the cell. The highest cx-
treme of temperature cannot be surpassed withont
resulting in death.

Not only is warmth necessary for the life and ae-
tivity of the lymph-corpuseles of warm-blooded ani-
mals, but, according to Ranvier, oxygen scems also to
be cszential.  When the cells are t]nPl'i'.’u'l of it, tllc'_','
beeaine gluggish, aspliyxiated, and finally die.  Amce-

It movements of the eells are excited by it, and |

sluggish corpuseles in which the vital activities lie
dormant or in suspense are resnseitated and put into
vigorous motion, As will be seen below, the lymph-
plasma, especially in the larger trunks, contains only a
minimum of oxygen, a circomstance in harmony with
the known comparative inactivity of the lymph.cor-
puseles in the passage.-ways of the lymphatic aystem.
When floating in a medinm nearly devoid of oxygen
their aetivities being, a2 a rale, dormant, their form
is generally spherical, and their movements are
mostly only passive. When it is remembered that it
is by means of their amowboid movements that they
apply themselves to surfaces, erecp along, and pass
through them, and that it is upon these movements
their stickiness or zo-called vizessity depends, it will be
readily understond how important for the ceonomy is
the fact that in the great lymphatic system, where the

flnids move so slowly, and where, consequently, sticky |

clements could readily erowd together and obstruct
the channels, one of the essential stimulators of the
amozboid movements, oxygen, should be almost en-
tirely wanting.

A r.uﬂ'iu:ii;n’r fl ||1'1]E1.J,' of the I}lcmcllls them !‘-.131\”::_!; and

lively movements of the lymph-corpuscles.  An in-
ereased specific gravity of the plasma retards, while,
wice versa, within certain limits, a lowered specifio
gr:wity accelerates the ameboid movements, ]1}’ the
addition of water, in sufficient quantity, to the medium
in which the lymph-corpuscles float, the cellular
protoplasm is swollen and made more transparent,
the nuclens becomes distinet, finally the granules
which may be contained within the cell assume the
Brownian mowvement and the cell dies. These wva-
rious phenomena of the death of the cell beeome more
marked and follow each other in more rapid sneecs-
sion if an acid be added to the water.

Viability. —The viability of lymph-corpuscles is
great. Under favorable conditions of heat and oxy-
gen and other surroundings, they readily live a long
time without the organism. When properly pre-
gerved they have given evidence of life hours, davs,
and even weeks afler extraction from the animal,

Lymph-corpuscles exposod in the moist chamber to
the action of vapor of indine become fixed and killed
the instant the vapor resches them., Most of the
cells assume o yellow tint, while the nueleus and
granules become distinet. Aceording to Ranvier, a
few cells are stained mahogany-brown, the eolor eha-
racteristic of glycogenic matter. This author states
that, in these eells the glyeogenic matter iz diffuzed
throughout the whole of the element. It may be ex.
truded from the cell in the form of drops, and if the
petion of the jodine be sufliciently prolonged these
drops may fuse together and form a halo or atmeo.
gphoere around the eell of a browp-mabogany color,
The presence in the lymph-corpuseles of this matter
explaing why chemical analyses have rewvealed the
presence of sugar in the lymph.

Absorption.—By means of their amawboid movements,
lymph-corpuseles possess the feulty of drawing into
themselves minute particles with which they come in

| eontact. Thu"',.' have been seen also to c:q!u.-'l sueh part .

clez from within their interior. Thus they may absorb
minnte particles at ane loeation, carry them for awhile
in their meanderings, and subsequently discharge their
cargo at a distant point, to be absorbed perhaps
again by another living cell. Thiz eireumstance has
an important bearing upon the positiveness of dedue-
tions, respecting the nature of inflammation, which
have been drawn coneerning the identity, in the tis.
suez outside of the 'hlmuh'n.-:iﬁg'-]s‘ of |}*1‘|‘|phnl[l andd
other cells eomraining in their interior mmute foreign
particles which at some point have been myjected o

| the blood . ziream.
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Lymph-corpuseles may beeome loaded with ab-
sorbed innocuous minnte foreign particles without
havimg their activity seriously impaired. Many
lymph.corpnseles are found which inclose in their
interior varions substances naturally met with in the
eourse of their cirenlation, az for example fat drops,
granules of blood-pigment, fragments of red blood.
globules, and zometimes even small red blood.disks,
Those cells which contain small red blocd-dizks have
g:i"-’{:t'l rige 1o mueh tliS]:uH‘: Ao Irh:.'a:i.ulugiﬁts, BOIMG
believing that the blood-disks are formed within the
cell, others elaiming that the red disks reach their
singular location in the same manner that other ex.
tranenis ]n:lrliult:.-a beeome ahsorbed,  From their sup-
pu:;cd power of elaboration of certain products, which
may be discharged either sz waste material or as
matter to be used by other elements of the economy,
Ranvier has ﬁu:,:gﬂsiml that the |_1.‘|:|||rh-m:l‘|rll3::|c 340
wiei-collelnr wandering gland,

e, Bed corpuseles— Another element eonztantly found
Tt is usually
met with HI!IJ." in small numberz when the |_1,'r|||rh linz
been very carefully extracted. Its source may be
traced to diapedesis from the blood.capillaries, which
doubtless is to some extent a never-ccasing means of
supply. But it is also possible that many may be the
outeome of a new formation zomewlhere within the
lymphatic system.

Plasma,—The plasma of the lymph, as has already

i'I_'II ‘[hﬁ I:I.'ml}ll ih’. ”’Il} Tl:."l] ]I-I.I:Jﬂ.l‘('].-l'.l:}rp'l.lﬁl!]l!.

heen :-it.'ll;l.:d, 'l:q_, when fresh and normal, a eolorless
transparent substanee of fluid consistence.  Aeeord.
ing to Chevrenl, a thousand parts of the lymph of a dog
yielded, of water, 926.4; of albumen, 61; of fibrin,
4.2; of salts, 84. In estimating the gases in the
lymph, Hammarsten found in 8527 ounces of (luid
1.G64 cubic inches of gas, of which 054 ¢ i were
nitrogen, .016 e €. oxygen, and 1.594 . i carbonic acid.
In consequence of the fibrin-elements which it con-
taing, the plasma of the |_1.'r||ph soon coagulates into 3
gelatinons mass when collected. If set aside for a
while, this mass separates, like the blood-plasma, into
two portions, the seram and the clot, which latier, in
its elements, does not differ microscopically from that
of the blood.

CHYLE.

The fluid eollected b}' the ].'u:ltr:llﬁ, lrans.pnrtmi
through the mesenterie lymphatie vessels and emptied
into the thoracie duct with the lymphatic flnids from
other loeations, is lymph which contains elements al-
ready deseribed.  Tn the intervals of digestion, it con-

tains many more seinube
granules (o, Fig. 6) in a
given volume of fluid than
the lymph usually car-
ries, but during digestion
the number of minute par-
ticles is s0 enormous that,
whenviewed by the naked
eye, the chyle presents
an opaleseent appearance,
which iz entirely due to
their increased numbers,
The most minnte of them
usuallyexhibit the Brown-
These
granules do not consist
solely of fat, a3 some have
contended, but they pos-
sezs o protoplasmic body
which forms an envelope
or frame for the load of fat
which each of them holds.
UIIE!{!I’ a lligll P['IWI'!' ﬂr l.]'IQ
microscope, after treat-
ment with the proper re.
agents, each minute parti-
cle is seen to eonsist of a
small fat-drop imbedded
within a maszs of proto-
plasm, which envelops it
ag a thin shell. Acetic

Fig. 5.
ar

lan  movement,

wae geid added to the fluid
MovtporLan Bass axp CoRruscLEs o+ w o
oF CRTLE,—AL o, from & lactesl oo the ‘] l-‘\-“".‘! Vs {h!."m dﬁhﬂﬂ te
| imtestine ; &, from & mesenterie gland ; |}m[|:|-f'|]:|ﬂr'|'|m GI‘“I'E!&E‘_IE&

e, from the recoptacalem chyli. Frem

R S and sets free the fat.glo.

bules, many of which then

- run together to form larger fat-drops (b e Fig. 6)

When a vollection of chyle is placed in a flask, and

COXTENTE OF CHTLE —AL 4, primary molecnles of chyle; &, secondary mole
cules of ehyle! ¢, fatty globules; o, ehylo-corpuscles ] «, pabo colls} f, red
eofpscles, [ CArrpda e}

!
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after the addition of ether is set aside for a day or two, |
there is found at the bottom of the vesszel a deposit
which consists of Ilymph-corpuseles and minute gran-
ales.  The Iatter have retained their original globular
or angular shape, have become more translucent, and
lhave been entirely deprived of their fat.

BLOOL.

Like the lympl, the blood, when naturally flowing,
congisis of a colorless transparent fluid plagma, in
which freely float numerous and varied minute ani.
mal forms.  The proportion of the volume of these
form-clements to that of the ‘phﬂum is about as fol-
lows: In 1000 pariz of blood thers are—

Water 5 a 9 - : & T,
Globules . : L B & 2 125.
Protebl substances . = : d Ta.
Fatty matter and saltz - P

Besides the fluids and =olids above enumerated, the
blood is :li'l.'d'.'l_].'a-l tnore or less 1.-.|1:|r51:|1 with gases, of

which carbonic acid, oxygen, and nitrogen are the
chief. "The capacity of the blood for the absarption
of oxygen is peeuliarly great, being more than eight |
times that of water. Whilst the oxygen of the bleod |
is almost, if not quite, exelusively held in the red
corpu mlﬂti, thie carbonic acid iz united with the pla,sm;L

Number and size of red corpuse’es, — By far the
most numerous and most important form-element of
the blood of vertebrate animals is the red blood-cor-
!Ill:ﬂ'.."ll_" [ilg md h]ﬂl]drdj."tk., ‘I.l{.l: Iﬁ:l.r'll i’J'EIII:I ”I.l:_‘,' OG-
ration of Malassez, that in eartilaginous fizshes the
number of these clements ranges from 140,000 10
230,000 per 03937 cubic inch (a cubic millimetre); in
the ozzeons fishes the number varies between 700,000
amd 2000000 per cubic millimetre, The same in-
ve.-gtigni:}r p].'lm.:a the number of these 1:I:JI'|111H-E-[E.5 per
e. i, in birds at 1,600,000 go 4 000,000, while the ex-
treme numbers per e, o, in the mammifersare recorded
at 8,500,000 and 13 000,000, We have the anthority
of the same writer for the statement that the mean
volume of the corpuseles is almost always in inverse
ratio to their numbera. Thiz proposition isnot abso-
lute, however, for o zmall pember of the colored
-(:c:-ryum-.!cs may not lox entiml.}' cumpmmglt.uﬂ bj an
increase in the volume of the tH:riluz'uTL':.

By consulting Fig, 7 and the table subjoined, the
enormons difference in size, a5 well as in shape, of the
colored corpuscles of the blood of different veriebrate
animals can be readily appreciated.  Tr will be noticed
that the long axis of the red corpuscle of the proteus

12 recorded in the table as Ih- of an inch, a magni-
tude Sllmu]'{':tlth' ]:lrg_lr to b :ippl'euiated 'h}' the naled
eye under favorable circumstances.  Yet the eolored
blood-dizk of the dmphivma (Congo ecl) iz quite one-
third larger still.

rollESs @

All the corpigeeles Lere shawn are lrawn 6o the woiforan scale, at the Bottom
of the wood-cut, of 1=#%th of an Eoglisk bnch, and thie measarem=nis are
expresged o volgsr fractbons of thal ineh. 7. b sipwifies iraseverae dinmaiore |
b B, e dinaneter; &, shert dismeter. { i lifeoe )

MAM ALk Tb § kDn | WD
b Rl Corpuecle of Man, deen oo the fat surfaee and
wleo mw (e adge; Liiokness |
Yl S T | |
" af Rlephast . -4 |
i " A Mask e . . o . 12l
d, L] of Dreamedsry, thicknose 1-140537 -2 | 1=
AvVEs
3, gl af Chepmiedy S P I-16E3 | 1-{H
& Kuclews of Dairich . Bk | 1-0064
[N “ af Pigesn . . . 1=E14 | 1=
7. L) of Humsing Bink . . . 120 [ 1=
BERFRLIA,
L% ol Cimeadile a P ¥ f I=1E30 | 1=2254
L - of I"rikom O [ i ' I=0e8d | 1-24)
T R af Proteus . P ' ' I=fuki 1=vaF
Praces
1] of Ferch . . . I=2481 | f=lien
3 - of Pikie o s : I=0N00 | -5
1k ¥ of Shailt . ¥ i it 21043 1-lds

According to the statements of various observers,
the mean number of the colored u::urpusa;:ll_‘_l; in the
blood of man may be regarded as varying in health
between four and five millions per eubie millimetre.
The counts of 1he corpuscles made upon the blood of
the same individual appear to vary considerably,
aceording to the loeation whenee the blood iz obtained,
It seems, however, 1o be pretey well estabilished that
in any portion of the cconomy where there is a con.
densation of the plasma of the blood by losz of fluid,
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either from evaporation, or from exeretion, or the like,
there is usnally to be found in the blood of the part
an increased nomber of corpuzeular elements, On
[I]ﬁ. ﬂlJ]'Ii'ﬁ'IFJr', ll!]l]lf]‘ l‘lI'I-E'IUE'ii.h: ml]l‘“ti.l:}lt.‘_. ”H‘. ]'l'llll'l.tMr
of red globules has usually been found to be below
the mean,  In the left heart, and in the large arterics
of the limbs, the number of globules iz identieal, but
in the arterioles it is increased. The venons blood
of the skin, where evaporation is rapidly going on,
and 111&; yvenous blood of the kidl]c}'s, where exereiion
is taking place, is much more rich in red hlood-
1|'i.‘i-kﬂ 'I.M'l' . m. 1-h:l11 :iH ”‘Il_‘. t]]ih:ﬂ] ﬂf tl]l:- u:}rt‘c!—qmndiug
arteries,  In the interim of digestion, the mesenteric
venous blood is richer in red cells than is the arterial
blood, yet less rich in thiz respect than the blood of
the entaneous veins. During digestion, however,
there are fewer red corpuscles per e m. in the mesen.
terie veins than in the Hlilrfnl:,.'ing arteries, There 1%,
of eourse, in the latter case an accession of fluid in
the veins by absorption of the intestinal juices. The

.ﬂ.{r{f(:.-\.-

['fll!}t-:ﬁ‘il'lg" of the l:.'mph into the blood-stream at the '

mouth of the thoracie duet, also canses a ]owuring of
the number per e, m. of the red corpuseles in the blood.
current on the proximal side of that point. The
splenic vein is much richer in red disks than is the
artery. The subhepatic veinz have fewer red cells
per e m. than have either the put‘t:sl veins or the
azcending cava. There is in the liver a probable de-
struction of red globules,

Besides thesc, so to speak, local variations in the
number of colored eorpuscles in a given volume of
the blood, there is, perhaps, a physiological mean varia-
tion for each individual, az well az a difference in indi-
viduals dependent upon the conditions of sex.  Aeceord-
ing to some investigators, there would also appear
to he slight fluctuations in the mean volume of the
eolored eellz without 2 marked disturbanee of health,
es well as differences in the intensity of the coloring
matter of the corpuscle. The same authors claim
that certain aboormal states of the economy show
these fluctuations in a more or less marked degree.
Thus Hayem declares that in ehronic onamin the mean
dimensions of the red globules are always lessened.
100 globules of anmmic blood may curmspnrid in

volume to less than 80 In:m'lth:.' glnbu]{:s. At the :

same time, the intensity of the coloring matter of the
corpuscles may be leszened one-quarter or one-half.
The fresh fluid blood of wvertebrates, az iz well
known, presentz to the naked eye, when szeen by
reflected light, and in considerable gquantity, a homo-
m:]"!”llﬁ H!'I'.'I."l_l'll": :tﬁil{':ll}! :I.]'Ill H] irITE‘.I].‘ilj I'El:] ﬂﬂlﬂ‘l". Il
is opaque to the naked eve for the same reason that

an emulsion of oil is opagque. When spread ont in an
ﬁ}itﬁst!lc]j thin ]a_}rer, however, and examined under
a very high magnifying power by transmitted light,
the fluid or plasma of the blood is seen to be per-
feetly transparent, colorless, and structureless. The
form-elements which float in it in enormons numbers
are of three gi."tlt"-r:ll classes ; ecolored cellz, colorless
cells, and minate free granules. The colored cellz or
corpuscles, instead of being red, are, when examined
by transmitied light, of a slicht orange-green tint if
seen single, and only approsch a reddish tinge when
cell is imposed upon eell several layers decp.

Form of ealared corpuseles.—The general form of the
eolored corpuzele has been found to vary greatly in
difterent orders of animals. In nearly all mammals
the outline bas been found eirealar, whilst in nearly
all of the lower vertebrates it has been seen to be
more or less elliptical. There are a few fishes (the
|=tm!+r-|,:_'," cel and allied forms), however, in which
round eolored corpuseles have been met with; while,
(1] l‘IlE} (}ti!l!r II:II.ILiI two ﬁlﬂ:(.‘-i“.‘ﬁ {Jf IIEEIIIIEII“IEHII :Iﬂil]’lﬁ.lﬁ
{the camel and the llama) possess red eells of oval out-
line, A more rlgi:l dividing line between the mam-
I]'I.ﬂ.]iﬂ'l'l. ﬂ!]l] l]ll;!‘ i"“'[!'r ‘.'I:'I"l[.‘-'llr.'llll.! HIILTII:I‘[F W'irh rﬂ"bIJQl'.t.
to their colored blood.corpuscles iz afforded in the
presence or absence of a nuclews.  In the lower ver-
tebrates, whether the red cell be round or elliptical,
there is o central nneleus present. In the adult
healthy mammalian corpuscle, the nucleus i3 gener.
ally admitted to be absent. Nevertheless, in oppo-
sition to this latter statement, Beetcher and a few
others have sought to prove the existence of the re-
mains of a nueleus in the red corpuscle of mammalians
also (man, among others),

Varieties of coloved corpuseles—In the healthy blood
of adult man, the red corpuscles present two general
varieties of form and dimension—the red blood-disk
or mrrpuﬁrfc proper and the microphyre.  Much the
more numerous of these is the red blood-disk.

The ved Hlood-disl or mrj:ur:.qn!‘a:.—-—ﬁs the word indi-
eates, instead of being a spherieal body, the red hlood-
cell is flattened into the form of a thin disk. Its
outling is maturally cirenlar, and in fresh arterial
blacd the central area of the disk presents a concavity
on each side. In other words, besides being circular,
the disk is normally bi-conceve. The edge of the disk
instead of being sharp or acute is rounded. In con-
sequence of its peeuliar shape, this form of the
colored corpuscle, when seen in surfice by trans-
mitted light and properly focussed, should be maost
intense in eolor in the peripheral ring eorresponding
to the thicker portion. The color appears still more
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intense when the disk ia scen in profile. The colored | the surface of the elements; finally, the eorpusecles be-

gorpuscle eonsizsts of three prineipal parts: the stroma,
the fluid Cortents, and the {mluring matter. Aceord-
ing to some late investigators, the bady of the colored
blood.corpusele is composed of a fine felt.work of
minute fbrillo (5, Fig. 1) of an albuminoid material,
Lholding in its meshez a soft
semiflnid subztance. The latter
holds more or less closely united
with it the ::uluriltg maiter of
the corpusele, 2 sulstance which
has been vamed femoglobin.
The weight of authority seems
1o ineline to the opinion that
l!m m:lrlll.l}il::l“ :i.'i “IL.'-'lH]'!r:ll“.."il:.‘i.‘k
The red disk is naturally clas-
tie, capable of assuming any
form which a moderate pres-
surg may require, and of re-
turning again to its original shape when the pressure
iz removed, Many experienced and accurate observers
deelare that they have scen it manifest limited con-
tractile power. But most writers assert that it is
incapable of any other than passive movements, re.
garding it a8 4 more or less inert body, the altered
remains of a once complete eell.

The red disks of linman 'I}I-m:ﬂ‘ when the latter is
freshly drawn and spread out upen a glass slide for
microscopie examination, frequently show a marked
tendeney to apply themselves one agninst the other
by their broad surfaces to form rows similar to rou.
leaux of eoins—a phenomenon the cause of whick is
unknown,

Alterations {lf tles o mrpr.rsd-rs,—'l"lm colored cor-
puscle of man may experience various alterations of
form and composition, which are purely physieal or
chemical, in contradistinetion to amoeeboid or vital
movements,

Water esuses them toswell, to lose their bi-convex
discoid shape and beeome more or less spherieal, awd
to discharge their coloring matter into the surrouml.
ing plasma—which latler is now uniformly stained,
while the corpuscle iz apparently structurcless, color
less, and sharply outlined, Many solutions of salts
of less density than that of the blood Lave much the
same action pmon the red mrpm-!::h_-s.

On the contrary, when the density of the Llood-
plasma or of the artificial serum in which the coloned
corpuseles are examined is inerensed either by slow
t\'npﬂruliuu 0T h.'!" other means, the surface of the cor-
puscles, which is notably smooth, becomes wrinkled;
subsequently, little prickles or spines appear all over

Mewaw  ThLonmna e e =
a, aonn frem the sarfaes § &,
foEs the slile; ¢, oolied B
realonax ; o, ropdensd spheri-
ial by wator; &, domborioed
br the same; r, ‘blood-zlo-
bales shrusk by cvaporatsen
{&Fray.}

come more or lesz globular in form and diminished
n di:um:h!r, ml:l.illirrg the while their ||ril:!-;|_r appear-
HREH r_]rl'IE:r_ are tI“.'l'I. II-CIH:IW[I s {'.]‘(':I].'l"ml (!l_'lrEI'l,Iﬁi_,!]i:"H.
A few of this kind of cells are met with in nearly every
specimen of blosd, The addition of water causes
them to swell and their spines to disappear, but they
retain the spherieal form. Carbonie neid causes the
bi-concave disks 1o swell. When :l('.liug uprn the
crenate corpuscles, it canses the zpines to disappear
and the curpmsclu-s L Imt‘L]Jr resame their former con-
cave appearance.  The action of this gas s generally
not sufficient 1o effect a return of the concave surfice
upon both sides, but the corpusecle is made to assume
u saneer shape,

A strong eleetric enrrent first causes the red disks
o become erenate and spherieal ; afierwards the cor-
puscles swell and lose their color.

Bile canzes ihe red globules at first to become pale;
after that tiu‘_‘y‘ Sul.lilﬁn]"lr' lili.*.up[u.r.‘ir1 ].t.‘-:l\"lllig no Erace,

Uren canses the red dizks to become globular, but
does pot effect a decoloration.  Upon the surface of
the corpuscle there are formed little drops of matier
apparently entirely similar to the body of the cell,
which are united with each other and with the }_nul._"l.r
of the eorpuscle by fine filaments.

The addition of tannie acid in seflicient amount to
a portion of blood canses the hemoglobin to gepa-
rate more or less completely from the body of the
-.'.\n:l'pl.lsuh.: and to form Hluhu]:u‘ ]ﬂ‘njlx:tiu'lm o the
au:rl?u.:lrl af the characteristie eolor.

It;;piil desicention of a thin film of Tlood, ::pn':ml ot
on o glass slide, very perfectly preserves the form and
dimensions of colored corpuscles,

When blood is raised to a temperature near 1347
l"... the i;ln!mlcs ].Hl'gill to loze their diseoid form, and
1o assume a #plerieal shape. At the same time little
buds make their appearance upon the surface of the
corpusele, united to it and to each other by fine fila-
ments,  When the temperature reaches 158 IV, the
globules become decolored and broken up into small
transparent spheres of very unequal size,

Cold canses a dissolution of the hemoglobin, and
an effect gimilar to that of water.

.Fin’anrf_rryar-fﬂe,—“'hr.n extravasaled mto the fia-
B, eoloped r:nrpllm;!i:ﬂ l'ti.H:iilLi!gl‘.‘ltU 1‘:_".' break 'hrg into
minute portions, the eoloring matter of which finally
iz trangformed into brown iri.grlmt‘ﬂ-gr.'lhl.t}uﬂ, known
as hematin,  Besides these granules of pi;__-mcnt, such
extravasations may contain ervstalling needles of a
reddish-brown eolor—hematoidin-crystals.  But the
characteristic erystals of the blood are those of hena-
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ipladiin, l:leill.‘l.“l‘f dupmihﬂl fromn a considerable quan-
tity of blood. The form of the hemaglobin-crystals

varies in different animals, and is often guite peculiar |

to certain species. These characteristic forms ofien
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BrLoof-cRTaTiLlE,—A, irihedral crystals (Foan blood of Gulpea-pis,
tagonal erystals from blood of Equireel. ©, octabiedral crystals from bleod of
Rat and Mowse. D hemutln-erysials from Waman Bloed, E, bemateidin erye
tals fromm an old apoploctie clot F, hemnincrystals from blosd troatod with
acetic acid,  [Grow )

B, pen-

yield valuable suggestions as to the kind of animal
from ll'|'I:|L7|:Ili.1'L‘ l].lc_"_n" ciaime.

Crystalling forms, artificially derived from hemo-
globin, and valuable in medico.
]l"g:ll i.!:"{':IIJ'l:iI:IJI[ii:l:IIfk ul" SU]IIHJM!L]
blood-stains, are those obtained
from llr_:.' Tl Ir:.r the action of
glacial acetic acid. They consist
of nut-brown, rlombie, erystal-
line plates, called hemin-erystals,
or hydrochlorate of hematin,

The red blood-disk of

YAries ElﬁIJIE11']L:lt i]'l {I:II]]{"“EjI'Jl]E.
Its mean diameter, as is seen by reference to the table
o 4 previons page, 18 about g% of an inch. This
size may vary somewhat among different individuals,
and in the same person at different times,

The mderophyte —In every specimen of human blood
there are among the red biconcave disks, already de-

Hesis - CRYsTALS,
Teie
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nams, ki hydroghbe
of hematin.
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| disks undergoing retrograde changes.
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seribed, a small number of eolored globular corpuscles
of much less diameter, and of a darker tint. Their
::ib?.c may be not greater than 5 or 7l of an inch.
Phey appear to possess the same intimate structure,
and to give the same chemical reactions as do the red
bi-concave disks. They have been called microeytes.
By some histologists they are regarded as young, not
yet fully developed, red blood-corpuscles (hemcio-
blasts of Tlayem), since they seem to be more numer-
ous at times when the blood is undergoing repair.
By others they are thought to be the old bi-concave
They are
especially abundant in progressive pernicious anemia.

The white or eolorless corpuselos, — OF the coloyloss
eorpuseles of human blood, cells similar to those of
the three general classes of eolorless cells deseribed
as present in the lymph are found, and it i net
pecessary here to review their eharacterizstics.  Their
namber, however, is usually far below that of the
colored elements. It wvaries much even in lealth,
and in the =ame individeal, from one time to an.
other. In comparing the white eorpuseles with the
red, Welcker has the average as 1 white to 585 red,
Moleschott 1 white to 357 red, Klein has |}|m'cd 1he
highest number in health at 1 white to 650 red. We
have the authority of Moleschott for the statement
that bovs have 1 colorless to 226 colored corpuseles,
old men 1 to 381, girls 1 to 889, young women men-
struating 1 to 247, the same women when not men-
sirnating 1 to 405, pregnant women 1 to 281, Ac-
cording to Hirt the proportion of white corpuseles to
the red is low immediately after eating, while two or
three hours later, the p]'u]‘.-u]‘l'mn is again near the
The same author states that the ];rc:}mr’timl
in the blood of the splenic vein is 1-60; in the splenic

TV T E.

[ artery 1-2260; in. the hepatic veins 1-170; in the

portal vein 1-T40. It would zeem from these figures
that there may be at times a p]t_].'siuingir_'ll.] ]cllu(;»c:,n
tosis, although this has been denied by some later
i|:1.'1_-..-;l1'g.'|lul‘s, Grouelier declares that the |1-nr|k;-rl_ju]1
of the white to the red corpuscles varies little in the
course of the day. In disease the relative number of
the white corpuscles has even surpassed the propor.
tion of 1 white to 8 red cells,

Red granular  corpuseles, — Besides the ordinary
white n:nr]m.-u:.]us, Semmer has observed in the blood
of mammalz certain numbers of wore or less granu-
lar, nucleated, colorless cells, of somewhat larger size
than those above econzsidered, which contain red
eranules of considerable size, and has named them
el gr{,mw.fur mrlr:uusch'a'. According to this author, as

well as A, Schmidt, they are probably intermediary
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forms between the white cell and the red corpuscle
of the blood.

Ovoid colovless cells —Von Recklinghansen has met
with a few colorless, ovoid, gr:llllll:l.l‘:l nucleated cells
in the blood of froga. In these animals they scem
to be more numercus in certain seasons of the year,
being much more frequent in the spring and snmmer,

Many aceurate observers have seen similar color. |
less elements in the blood of man., They have been |

met with ehiefly in the blood of patients suffering
with eertain febrile disorders. In the blood of re-
lapsing fever subjects they are not infrequent; they
have alse sometimes been encountered in typhoid
fever. In the two latter cases these eells are often
loaded with fine fatty granules. The writer hag met
with such eells, in some abundance, in inflaminations
affecting the blosdvessels, and believes with Semmer
that they may be regarded as normal to the blood of
cerlain, if not all, mammals. During the same study
of inflammation of bloodvessels we had the opportu-
nit:.r onee or Iwice to ebserve under the Inicroseope
endothelial cells, lining the vessels, become detached
and earried off' in the blood-current. These obzerva-
tions leave us no doubt that at least some of 1he ovoid,
colorless cells, above mentioned, are to be assigned 1o
a similar origin, namely, a limited desquamation of
the endothelia lining the vessel walls.

Free granuies,—The plasma of the blood also car-
ries in snspension numbers of minnte particles appa-
mllli_}‘ identienl with the free aeanules deseribed ag
present in thie ]_}'I:lpl] ¢ their number a3 well ag their
nature varies in much the z2ame manoer.  OF COUTEE,

m the blowd some of these minute particles arize from '

a destruction by disintegration and fragmentation of
the superannuated red blood-disks,

Begeneratioi—In the blood, as in the other tizsues
of the organizm, the various stages of generation, de-
velopment, vigorous aetivity, tl‘_lg:-_l.}.', and ﬂisinh-gm-
tion are constantly presented by the differcnt elements.
After hemorrhage, whether natural or aceidental, it
would seem that the investigator haz offered ta him
very ample opportunity of studying the methods of
regemeration by which immense losses of ihe red
blood-globules are rapidly repaired. To replace ihe
ordinary periodic destruction of red bloml-disks which
women suffer at the time of their eatamenia, about
oue hundred and seventy-five million of red corpus.
eleg, it has been ealenlated, must be produced every
minute during the imtermenstrual period,  Yer, the
quc.'ni-:m of the rencwed ﬁllpp!y of colored elementz
of the blood, notwithstanding the many exhansiive
investigations of hematologists, has not up to the

=F

present moment been  satisfactorily answered. 1t
seems Lo be generally admitted, however, that in some
way the red disks are elaborated from the colorless
cells, either of the blood or of the lymph, but the
diversity of opinion as 1o the precise method of for.
mation during adult life, is great among some leading
maodern histologisis,

Movewments of the corpuseles—Heat and the other
reagents which were mentioned when eonsidering the
elementa of the lymph, have identical effects upon
the colorless cells of the blood. Wherever the eir.
culation of the blood is sloggish, and heat and oxygen
are present in sufficient quantities, laree numbers of
the white corpuseles put forth aetive mbvements,
These movements are much more encraetic in the
small venules than in any other portion of the cireu-
latory system. It is here and in the capillary vessels
that the viseosity or stickiness of the colored ele-
ments {:5!‘“:1'3]3}' shows itsul[', and 1t iz m:l'm]_].r i'le.re
alsu that the amocboid l.:\m']:l:lm‘.]uﬁ stick to the walls
"r l]li} "u"l’ﬁl“[;]ﬁ- }I'I“I L] h II'III-'I‘I:!L‘I'!.' IHH“ﬁ 1_hi"|'_,lllgil l]l.l:'l]'l.. 'Il.hi.:
fact that they do traverse the walls of these vessels is
not now questioned ; but writers are not yet agreed
as to the manner in which the aet is accomplished,
some believing that it is effected by the aetive ereeping
of the corpuseles through minute pores, which ordi.
narily are filled with a soft permeable substance,
others claiming that the extravazation of the cor-
pusele iz passive, entirely effected by the outward
[Pressure of the blood :l;{:lill.ﬂ the wallz of the \'L'.HSL,!'.;
still other opinions have been advanced. It is ad.
Iuith"t], lmw:-w-.r, that the more active the amarboid
movements {rom any eause, the more rapid and ex-
tenzive is the emigration. It haz long been kunown
that the red clementz alzo ezeape through the vessel
“':,i.“!-].. '_lllll(: L]i}l]’l‘(‘l?ﬁiﬁ nf ihl"ﬁl! 1.':]':.‘!]“.‘[“.‘-'\. ll(l‘lTE_.‘TCrJ iﬁ
generally believed to be in the main passive ; perhaps
it taleea place through passage-ways already opened
by the previous emigration of a white amaboid ccll,
In these ur!:ignutium‘. of the elements of the blood
through the walls of the vessels the eells are often
fragmented, and the fragments are according to cir.
enmstances earried off 'I}_'r the ]:.‘m]fll current withont
the veszel or by the Blood current within it

Tike the 3_].'m|'rhntiq: fluid, the ;-frrsmﬂ ol the blood
eontaing a certain proportion of fibrin which sooner
or later deposits itself when the bleod is left to stand.
The natare and structure of the filivin of the blood are
very similar to those of the fibrin of the lymph, It
is supposed 1o be the result of the aetion of a so-called
fibrinogenous upon a fibrinoplastie substanee contained
in the plasma,
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Perivation of Wood and lymph—All the foregoing
elements in the ]}'IJI]J]lﬂII(I in the blood are to be
reganded
the connective-tissnes of the organism—descendanta
from the middle or connective-tissue layer of the
blastoderm, or mezoblast,

as derivatives immediately or ilil].]li'l.!l:l]:,' of

EXDOTHELIUM. .

We now Jrass 1o the eousidcmtiuu, i the Qt‘ld{‘:l]lu!'m,
of another variety of the connective-tizsue elements
which are \\l‘i.t]i.:l:," distributed. Tluj.r are flat cells,
which 11511:!!!_}' mn i :~'i.:1g|u ].'I:.'l,‘.:l' are found lining the
surface of serous cavities, the inner surface of blood- and
lymph-vessels, and the synovial membranes. They
consist of a more or less flat cell-plate, of an albumi-
nons semewhat elastic snbstanee, and one or more
niiclel jJ:JHSE‘S:siHH;Idi sii ble-contonred Iul.:luhl'um;, FNF ) L e
or lezs oval outline, and an exeentrie location in the
|r|u|lr'|.' of the cell.  The {:cﬂ-]ﬂ:ltu consists of an elastie
network of fibrils (the intra-cellular reticulum) in-
cloging in its meszhes a gemifluid honogeneous color-
lezz substance.  The nuelenz also consists of a sumtlar
but densger network (the intra-nuelear), holding in its
spaces a similar semifluid substance (sec ¢, Fig. 11).

Fig- 11.

CELLs snowixs THE RETicries 13 TR Promoriass axn ¥OCLTrs —r g
Tamnar epithelial coll provided with cilia, the Iatber hieing prolomgnilons of ihe
btrs-eellular metwork. % Nuelems of & glandslar epithelial coll from ihe
spamach of a Nowt, showing the infra.snclear nedwark. o Endethelind ecll of
tho messulory of a Newl, costaluing in a hyaline gesuml-sulbisiapce a plexos
of fue Abre-handles =— intra-cellalar negwork —in eompsetbsn with the foirm-
snelear neiwork. o, Comnective-ilsine carpmssle from mesentery of Xewd,
wory clearly the Endra.collular netwaork of fAbrils and the Livaline
smuwbstanss ; the former eXtosds iato the branched processes, amd is also
renmicled Witk the mmore delieats istrm-nuclear retiealam.

the stomach of

#. Dollet-eell from
a Newt, showing the infra-cellnlar netwark in connection wish
caf BolWark § Ehe uppr part of the eellis greatly awalles

= af the i@l el

by mens. | Klaia )

The eell appears to be without a membrane. The
nieleus is much flattened when the eell.plate is thin,
and canzes a prm:uiuq:lw.:r currrcﬁ[mur]iug with 115 loca-
tion. Normally the ::1-1]-||-|:.'11|t i so thin and transparent

——

that its outlines are indistinguishable, the nueleus alone
being vizsible. Neighboring cells are placed nearly in
contaet by their edges, being separated only by a very
small amount of structureless trapsparent viseid sub.
stance which holds them together, This material
has been called cemend-substance (interoelliclar cement),
When these cells are seen in profile they appear to
be more or less linear or spindle-form, the thickness
of the spindle corresponding to the nucleus of the eell.
After staining with a weak solution of nitrate of sil.
ver, the intercellular cement iz =0 darkencd that the
ouiline of the cell is made very distingt. It is thus
fuund that endothelial cells have more or less i;|'r1~gu]:tr
polygonal outlines (consult Fig, 12), and that the

Fig. 12

Xopmat BEXpoTagiins oF ViScERAL PERICARBICN oF 4 Toik, silver-treated
and highly magnifed. [(Chapaacs.p

extent of the eell-plate is extremely varfable.  Tn the
arteries and larger lymph-vessels the eells are more
or less lozenge shape, with the border hnes only
slightly wavy. In the veins and lymph-capillaries,
the cellz are mueh broader as a rule, and their periph-
ery is represented by extremely irregular indented
lines (consult figs. 1, 3, Plate XI11.). Upon the surface
of the serous cavities the outlines of the elastie cell-
plates present still another picture, az will be scen by
reference to fig. 1, Plate I. Besides variations in
the ontlines of endothelial cells, there are other dif-
ferences which are shown m
In the adult animal the greater part of these surlaces
iz eovered by a single layer of extremely thin, nearly
liyaline, and somewhat broad eell-plates,  There are,
howewver, limited arcas more or less numerous seat-
lﬁrﬂﬂl hﬁ]"ﬂﬂl“] ﬂu‘-r{: 'I'I.J:"::l]'l. H\'.I:IIL(:III ”:Iﬁ I‘.bﬁ]]ﬁ frﬂiirﬂ 1:"'.':1‘_1"
different aspect. They are much narrower, their edges
are much less irregular, they are much thicker when
seen in profile (approaching a enbieal form), are quite
granular, and possess two or more nuclei. In fact,
they appear 1o be in a decidedly active state, while, on

i .I1 l‘l_‘l.‘ 4] [BIIZ]]] BETONS 51 rr:li,‘(".‘i
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the other hand, the vital proclivitiez of the first men-
tioned very thin hyaline cell-plates seem io be entirely
dormant. These granular eells are said by Klein and
gome others to be germinating, and have been called
I}r them g.:;m.u'm.r.tf:’::-f ot lier {wl,-. ¢, ﬂg, di; Plate L)
They are generally arranged around the mouth of a
vertical canal connecting a lymph-channel of the sub

jaeent eonnective-tissue with the serous cavity, The

activity of this germinating endothelium may be such
that the granular cells proliferate and form newscells,

some of which may be set free in the serous cavity. |

These new cells are similar in every respect fo the
other Iymph-corpuscles which float in the lymph-
plasma, and caunot, after geparation from their place
of weperation, be distinguished from them. The
endothelia covering some portions of ihe abdominal
eavities and the fencstrated septa of the mediastinum

are thus a very fruitful source of supply of the eolor- |

less gorpusecles of the lymph.

The endothelia are, as already stated, somewhat |

elastic.  When the membrane which |.IJ'I.:I"|||' cover is
stretched, they beeome thinner, and spread out n
arder to cover o wider extent of surfoce, and their
border beecomes straiglter. On the contrary, when
the membrave retractz, their broad diameter lessens,
their borders beeome more sinuons, and the cell be
comes thicker. Thos during full inspiration the endo-
thelia covering the pleural surface of the langs are
mich thinner and Lroader than at the end of i“h'.piru.-
tion, At the latter instant the pulmonary endothelia
are quite eubical in shape,

Az boz already been indicated, the endothelia not
only of the serons cavities, and of the lymph-vessels,
but also of the bloodvessels as well, may be regarded
as some of the sources of the colorless elements to the
lymph and blood.

CONNECTIVE-TISSUE CELLS.

Still another group of the elements derived from
the mesoblast is formed by the cells of the conneetive-
tizsue. They may be considered under two wencral
heads—the wandering cells and the fixed cells,

Wandering cells.—The toandering cells of the connee.
tive-tissne are not different from the eolorless cells
already described when eonsidering the Iymph, They
are in reality lymph-corpuseles, existing in the radi.
cles of the lymphatie system, and do not eall for any
particular deseription here.  One form may be con-
siilered for o moment, however, before dismissing
them. There are found in the interstices of the loose
connective-tissues which are especially vaseolar, small

; I'Il,'II'I'IhE!I‘S l}f ]ill'gﬁ! gl’ﬂllltl:LT' l_:['lr[il'l'lﬁtllﬁ ﬁ]ight!}' 1_'|ib'f-
mented {plasmatie corpuseles of Waldeyer). They are
more frequent along the wallz of vessels, and do not
usually exhibit marked smowboid movements,

Conseelivefizsue nu?m.vrfmg.—'['hu ﬁ;rm’ eells of the
conneetivestizsne vary muoch in shape sccording to the
arrapgement of the fbrous tizsue in which they are
imbedded,

The eellular elements of the great conneetive-tizzoe
S}-‘Sl‘.ﬂrl'l are mef with mﬂ:.' within or U the sides of
the spaces which permeate that system, whether they
be in the form of fine channels or in the nature of
]_}'Iu]:'i:l-t::l";il'it'&. and whether those B ICes be |nrg£: or
small.  The large spaces, as, for example, the perito-
nal t:ll‘.l':il:r,, the phl*llrnl ['.:I'l.l'it],.’, thie ar:mhnui{l c:;u'il:.',
tl:le ht‘.ﬂ]‘t :]!!& Il‘h]‘dl’l’.'ﬂi{!!!ﬁ, l.llf! lli]'l"[!l_':r I}'IIIIIIIL'I.'E'R_H["].“:
are lined throughout by a complete eovering of endo.
thelial cells; the minute spaces which exizt between
the bundles of connective-tissue fibrile have as a rule
only a more or less incomplete lining.  But whether
the space be of one kind or of the other, it is lined by
eells of an essentially identical natore: only their
forms and the arrangement of some of their structures,
vary aceording (o the eirenmstanees which surround
them, Although the fixed cells of the conncctive-
tissue are here considered under a er{-.:'inl seetion dif-
ferent from that in which the endothelia were diz-
cnsged, it is mot because these two species of cells
difter in anything more than form,

The so-called fixed ecll of the connective tizsue
tends to azsume a form whiclh 18 a more or less E'-trri't-crl,
mould of the space in which it is found. Tt presents
twi gt*!u-.hd forms, the one |ri.'1‘l1’_‘-1ikt, the other stel-
late. The plate-like forms more nearly resemble the
mll.plmeﬁ of the emdothelia than do the stellate ﬁtrmsl
and will therefore be considered first (see e, fig. 8,

| PlL IX.).

Fiat tendon-eells.—In white fibrons tissue such as
tendon, ete,, the spaces formed by the apposition of
several bundles are linear, and are limited lnterally
by the convex surfaces of the fibrous bundles, The
surface of the space thez formed is nsually partially
lined only. On one side is a longitudinal row of flat

| elastic cell-plates, applied more or less tightly to the

surface of the fibrous bundles forming that side. The
opposite side of this minate lymplispace is void of
cellular lining. The cells constituting this row are
placed edge 1o edge, and at the line of junction the
| Border of the eell is -t|uiLL' !cu'sﬁghl, wul I_;u-ncm]!_!.r
transverse fo the direction of the bundle. Thesa
cellz thus have two long :atr::ig'llt. parallel sides. The
lateral borders of the cell are more or less notched,
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and sometimes processes of eonsiderable length, and |
more or less branched, spring from them. A single

|
rally spread across two or more bundles.

cell will ge
When this is the (LTS the indentation of the space
eauzed by the convex aurface of two bundles coming
together, iz filled out by the substance of the cell.
plate.  In consequence of this cirenmstance, when the
cell-plate is detached from its position and examined
at onee, a ridse extends from one parallel zide of 1he
cell to the other (see o £ fig. 2 Plate IT1.). This ridge
appears like a band running in the body of the cell
when the latter iz viewed in surface, Sometimes it
vof gome
o from the first, thus eomplicating the
form of the cell, These cells are known as the fat
fensloip-cells of Ranvier, They may very just i:l.' be re-
garded as a special form of endothelinom.  The cell-
plate is elastic, and contains an ovoid nuclens near one
straight side. Tt comsigiz of an intercellular network
wlich curn'::lumdza with the extent of the elastic ]:l]:l!l'_‘.|

may be developed into a secondary cell-pls

width, sprin

EXPLANATION

Fie, 1. Peritonend sudiee of the eentrum temdinenm of o
R;,q,h'l_ril;r silver-stained ol ||i‘g|||_'!.' 1||'.|5I|il'i1'~1.'|. [;\.E'l-:el'
IS leim. )

b, Smaller emlothelial plates, sitonted over the straighe
Iymphatie vessels which lie between (o) the tendon-bundles;
e, true stemata, some widely open, some collapsed,—iley
form o menns of communication between the sensns euvity
of the '|||_'1'i1n|11'|:|1:| and tloae :rtl':li;ht I_‘n-'l1'||l]|:iti1:5 last m

tioned, and are Boned w endothelial eolls of a germinating

character; the dotted line starting from « represents the

putline of a ]J.'111],|!|.-F'ir|||-i beboow tlee 2urtfmes, and in eommini-
ention with the before.mentioned stmight lymph-vessels,

Figz. 2. Highly magnified view of the spinc.covered epi.
thelinl eellz of the rete mucosum, or deep Liyer of 1l
cubanons !']lil||1'|.i| B- The section is ||:i|':|”l"|. witl the
surinee, amd includes some tllil:ll.-.l'|_'!."lllg connectivestiss
sue. [ After Ranvier.)

a, Blosdvessels with surrounding lymph-spaecs; f, con-

nective-tizsue bundles cut transversely ;& uonion of the epi-
thelimm with the tisaue of the eotis ; e, polylicdral cpithelial
cells of the rete mucosam, 1'1:lhlllir'|i.ltg oval nuelei and minute
brilliant nueleoli.  These cells are united together by means
of their sl|i||1~5, 0 oan intereellular cement fills the InferspEees
formed by the spines,

Fig. 3. Various forms of epitheliom, fresh and moch mog-
ik, {.M'I:i:r' H-.uu.'i.--r.}l
a, Thin, broad, epithelial zcale from the inside of the

and at the notched sides extends beyoml the plate
inte the processes; and the nuclens containg an inter-
nuelear reticulum,  Seen edgewise, these flat tendon-
cells :I.]:I]'N.'ﬂ.l.‘ sl::iluﬂu-ﬁtrtnl and when seen in nptu;.'lt (il
real transverse section they PFL:.Bl.tllt 4 more or less
branched or stellate aspect.

Stelluwte cells—~In loose conneotive tisgue, or areolar
tissue, where the bundles of fibrils intercross in every
conceivable direction, the most irregularly formed
ill-i"l“"c l}'ltl!]h-!‘i]\uul.‘ﬁ are nHIIIL‘I. q“lli:'ﬁﬁ FP:ICL,"-“- AN
ore or ]L'H?i Fi'l!‘]iilh,.'r :l'll{] 11“‘1'..' Ur![?ll l:(]'l'llﬂill Ofe 0T
more xed stellate cells.  These are the connective-
tisse corpuseles, par exeellence, They lie in the zmall

Iymph.cavity, loosely attached 1o one of the sides of

the space. The simplest form of thiz ecll in adult
tissue 15 that of a thin céll-plate of more or less irregu-
lar ontline, and contairdng an oveid nuclens. The
nuclens has an 1'.1|\."lrinp'l1|g membrane of double con-
tour, and contains an intra-nnclear, very dense net-
‘L'p'-:'l']{, the naclens H-I,:I_"!I'l.'i]]E to be impliml:c-j nearer o

OF PLATE 1.

check, showing a very small o
1'u|||14uls1—l|ll:- (1

lews, and finely-granukar
aocells 15 olservable in
helia, from the deaper
mdder, and e, a larger epithelinl
al layer; o, an isolated zpinous
epithelial cell from the rete mueosum of the sking w, the
l“l‘l."!l.'lla of i I.'!i]i"ll.'l.I =0l

rint ol wdjoin
the inermost line ; 6, smaller op
epithelial Bayers of the bl
coll from o more superf

[Hig 1-.|r'tI||.|'|5:|t |.:|ﬂ||1 w hoze vibratile

a are shown ot g ;& the elastic strinted plate from which
progect the cilip of o smaller cilited colomnar epitheliom;
s gy the deep extremities of columnar eells,

Fig. 4. Three izoluted eolummar epithelin from the intestine.
&y The striated elastic plate which limits their free ex.
tremity 3 o, the oval, doublecontonred nuelous of the cell.

I"'i.;:. L e = 1'I'u|'|||.; view of {‘!Ilil]ll'lli.il of the biranchuz ol 0
Iabbit, showing, Between the regular ciliated colomnar epi-
thelinm, o, the existence of beawched eefls, e, of a different
nature, whoze T s form o more o less ::l:lmpll-_-l.u.- nietwork
with cach other, az well as a communication with the brancled
conneetive-tissoe corpuseles, o

2. A surface view of the same epithelia, the letters Lav-
ing u similar indieation,
(0 Shows a longitudinal section of a minute beonchus,

o, Colummar ep ]ll‘.‘]i.‘l. of which, ¢ are the eilimg o i3 the

muzenlar coat, the smooth muscle-fibres being cut trans-
versely 3 a is a lymphevessel of the adventitions coat of il
bronelma,  { Adter Klein.)

™
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one surface of the cell than to the other. This intra-
nuelear network is in connection with an intra.cellular
network, which is in part imbedded in the elastic cell-
plate, but it at some points extends beyond the edge
ol this plate to form more or less branched proeesses
(see o, Fig, 11), which attach themselves 1o the adja-
cent fibrous inm:ilugl or Lo the processes of ohier
branches or of other eells.  Instead of presenting this
simple form, secondary cell-plates may gpring from
the primary body and send off processes, when the
comneetive-tizgsue corpuscle beeomes a very complex
affair. Yet it essentially consists of a thin elastic
plate similar to that of the flat tendon.cell already
deseribed, and can be elassed i the same category.

These fixed cells of the conncetive-tissues are
belicved by some sccomplished histologisiz 1o be
capable of limited vital movements during health.
It iz undeniable that under the influence of irrita-
tion they ean, and often do, return to an active state,
when they may put forth all the powers of the ama:-
boid Ivimph.corpusele.

EPITHELIUAL

With this subjeet we eome to the stndy of a class of
elements poggessing an ancestry and funetions totally
different from those of the minnte forms previously
(:il'I'IFilIl.'rtfl'].

The cutaneous epithelia are the representatives of
the epiblast, or the upper layer of the blastoderm.
On the other huuni, the e1-iliu:!i.-|| cells of the ntestinal
canal spring from the lower layer, or the hypoblast
of the blastoderm of the embryo.

THE EFITHELIUM OF THE SKIX.

.";-'Pr'nnus cells, —The eellular elements envering the
skin afford several varicties of 'Im‘!retl.ing c||il]u;;]iqm|,
In the rete mucosum the epithelial cell is soft, appa.
n-.ulb' granular, membraneless, and pn]_l,']u-u:'lr.:l] from
mutual pressure. It is constituted by a cell-body, and
ge-m_-.r:lll}' 1.111]1.' one Kl’}}ll’:]"i.!:,.'l]. vesicnlar nocleus. The
cell.body consists of a network of fibrile holding
in its meshes a semifluid, hyaline substance. The
nuelens also is formed of a network, and an inter-
fibrillar m:hst:trtm‘., aned iz limited I,IJ,' a doulble.con-
toured membrane,  There are alzo in the nuclens often
one or more small granules (nueleold), the remains of
a hyaline, albuminoid material, from whiel ihe
nuelens was originally developed.  The periphery of
these soft membraneless cells of the rete mucosum is
furnished with small prickles or spines (see ¢, fig. 2,

Plate 1.), which are frequently wanting on the peri-
phery of neighbering cells.  These spinous cells have
been ealled by varions names, such ag the dentate-cell,
the prickle-cell, and the riff-cell. Adjacent eclls are
elfzctunlly held together by the union of their spines,
and by a viseid coment substance (intereellular coment)
similar to that above mentioned for the endothelivim,

During irritation this cement substance increascs
in amount but lessens in viscidity. The lines of
separation between the cells then become guite diz.
tinet. Fig. 2, Plate I, presents a very truthful picture
of the relations which t]urm 1:&:3[5 hl;::;r tin l;‘:'ll_.'ll utht.:l‘,

The decpest of the rete.cells, namely those in con.
tact with the fibrous tissue of the cutis, are more or
less eolumnar, or rather conical in form, The large
ends abut against the polyhedral rete-cells previonsly
mentioned, while the small ends fit acenrately into
indentations of the papillary layer of the derm. In
the dark.skinned raees, these coluinnar eells are more
oF lea pigmented.

Stratem  granwlogam, end stratem leeslvm —The
outermost lnyer of the retewcells is covered with a thin
luning of flattened, intensely granular eells, forming
] lzl:,.'t:r about fwo cells tiﬂi‘]:, the granuler loyer of
Langerhans (zee Fig. 13).  Tmmediately external to
the thin gn—mu]ﬂr layer iz a zecond, which haz received
the name of the stratwm fucidum of Schrin, This
layer iz of slight thickness, the cells are transparent
and hyaline, and oceasionally exhibit nuclei.

{Taraering Ilﬂ'lr_f"'?'.*—-].}.t:ﬂ.'l."'l.l WpHon the stratum lucidum
are the most snperficial eells of the cutaneons epi-
thelium. They are all converted into dense, eorpenus
Jilertes, with no traee of their reticular or puclear
structare remaining. They form a layer of variable
thickness in different locations—the stratum cormenn,
O COTIEOLE ].l:l."F‘.i I.

The outermost cells of the rete mucozum, or rete
M;;]pig'llﬁl have lost their rl'glll:u']j' l)til}'il.l,‘l.lr.'lt furm,
anil have become somewhat flattened, so that in o
vertieal section of the skin they are zeen in profile,
and appear more or less spindle-shaped. The cells
af the gmnul:ir !:l:ri_tr are still more flar.  Those of
the siratum luctdum have been Aattened nto mere
seales, which, seen in profile, Jook like interrupted
lines. Tn the cutancous epitheliom we have, there-
fore, five varieties of epithelinl cells, named from
below upwards as follows: the eolumnar, granulay,
spinous, lueida, and cornens.  Among the soft, mem-
braneless, polyhedral cells of the rete mucosum are,
according to some late investigators, a few spindle-
I'q}rm_, or stellate nueleated GE"E, whoze ].'rl':uu'.hing proe
cesses run in the intercellular cement-substanee, and
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Fig. 13.

VErTical SpcrroX oF TOE HUrMAy BEpx, —a, Cormeous laver of eplthelium

lager of eylindrical cells. e Papille of skis. & Taclile corpuscle, &

often unite with the processes from neighboring cells
of a similar natare (zee & fig. 5, Plate 1)
thought by some to possess the characteristios of con-
nective-tissue cﬂrpllsu!-_‘s; others believe them to be
only amoehoid i'nn|ri|-('.::»r|ru.-a-;:i:rﬁ; while still others

r['l.ll‘.:." HEgH

l}L"li[“\"G ”'I.{‘:I:I'I. to IK.‘ PUT;!'I‘I:H’:T:I.] 1! l..‘r\"{,.‘rﬂ".{:l]']_:ll:l.‘il:'lllﬁ :il] G-
munication, by their deep processes, with fine filaments
of the superficial cutaneous nerves,

The covering of the skin, being composed of nume.
rous layers of cells superimposed upon cach other,
mainly of a flattened sealy form, is termed o strafifed
sguamous epithelinm.

THE EPITHELIUM OF MUCOUS MEMBRAXES,

Sygeanons epithelivm.—In the mouth of man, the
I:!IJ-i.'[l.ll!lli.'ll. UUTU!'illg Ur ”10 IMUCOE merm lllhllllﬁ i!i Li(!‘:lrll'gr
identical with that which covers and protects the skin,
The stratum granulosum and the stratum loeidam,
however, are absent. Moreover, becanse of the con-
stant moist condition of the epithelial layers upon
this muecus membrane, the corneons layer of ecells is
comparatively thin, and is composed of thin seales in
which small nuelei may be geen.  The deep laver of
eolumnar cells =2 but little pigmented. Some later
histologists note, thronghout mueous membranes and

al, I Stratum lucikdam. gr. Stratom grasulosanm,
Sehaccans pland, F
gland, i, Pacipian corpuscle. S, Pansieslus adiposos (fat-layer). &k Vaseular loop. Low power.

& Rt murosmm and papillary
Hair-bulb, g Ereetsr pill miunsele. & Convelutbn of sweal-
Parilly diagramsatie. {Pubeing.)

| the small accessory glands attached thereto, the exist-

| ence of a single layer of flat endothelial cells, between
|

Fig. 14

Errnecisn CRLLe 1N THE OrAL CATETT oF Maw: a, large; &, middiesioed
w, b s with twe muclel.  High power. (& rog)

the epithelinm and the connestive tissue upon whicls
it rests.
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The cellular covering of the mueonz membrane of

the oral q;.-uvilj_,* is, therefore, 1o be regarded as a séroii-
ﬁ-ﬂf grrveseent of squanions epithelivm.  This is the
character and arrapgement of the epithelium of the
lower part of the pharynx, of the wsophagus, the

clges of the epiglottis and of the trae voeal cords, of |

thie anus, of the intra-vaginal portion of the eervix
wteri, of the vagina amd vulva, of the glans penis
ancl prepuce, and of the anterior thind of the nasal
cavily.

The pulmonary alveoll are lined by a single, some-
times interrupted layer of squamons epithelinm, hav-
ing a histogenetic origin similar 1o that of the epithe-
linm of the bronehi.

In the olfzctory region of the nasal eavities, in the
upper portion of the pharyex, in the larynx, trachea,
amd bronehi, the cellular investment consists of a
atratified eobwmnar eilinted epitheliwm,  In the Fallo.
pian tubes and in the funduz uteri and extra-vaginal
portion of the cervix uteri, the mucous membrane is
covered h_1|f i Fiugln 1:!}1’:? 'I'Jfl;ei..li.'lll.ﬁ.l columnar c]riihl:-
lium., The internal surface of the stomach and intes-
tines is lined by o simple eolumnar epathelivm,

Stmplecolumnar epithelium —The eolummnar epithelial
eeil, when it presents one of 115 ends upon a fres sur-
face, usually is limited at that end by a thin plate of
considerable stiffness, which seen edge-wise, as when
the cell is viewed in profile, appears like a brilliant
banid. In the simple columuar eells of the intestinal
canal, under favorable conditions, this brilliant band
seemms to bo vertically
strinted  (see Vig. 13)
By viclence ihe thin
limiting plate iz often
partially or completely
detached from the end
of the cell,  Frequently
the ecll posseszes a very
delicate liniting mem:
brane, which, however,
iz probably only a con-
denzed filin of the body
of the eell,  The colum.
mar cell 2 somewhat
soft and pliable, and
may, therefore, readily
ARSI ﬁ]“‘llﬂ:ﬂ il!llﬂl’.‘"ﬂll
npE it h_}r pressune, It
i= rarely absolutely co-
lumnar; it is frequently more nearly conical,  Often
its deep end divides inte two or more short thick
branches (see p, fig. 3, Plate 1), Tuis provided with

SECTIOX oF & VILLC: 0F o Rasnir, for-
ml=bing examples of pon-cillated cxlum-
war epitholinm, Digh power. | Sfrickor.)

a noclens which is oval or more or less rod-shapeid
posseases a thin membrane of double contonr, and
penerally one or more distinet nucleoli,  The nucleus
ia usually located near the deep extremity of the ecll,
The body eof the cell is composed of a network of
librils, whose meshes Lhave a decided linear shape,
mainly parallel with a Jong axis of the ccll. The
nuclens also containg a network which, like the nucled
of other ecells, is denser than that of the cellbody.
The finely granular appearanee of the eells is due 10
the exisience of this retienlum, The semifluid mate-
rial contained in the meshes of the reticulum may
vary in amonnt, and cauze the interfibrillar spaces to
increase more or less in extent, thuz incrcasing or
leszening thereby the granular aspect of the whole or
a part of the eell,

Cilinted columnar epithelinom —The eilieted eolum-
nar epithelinm s essentially similar in structure 1o
the simple columnar cell. It differs from the latter
only by the presence of a number of fine cilia or lairs
vertically attachod to the thin plate at the free ex-
tremity of the cell {(see y, fig. 3, Plate 1), These
eilin pass through the thin limiting plate and are
direetly attached to the fibres of the intra-cellular
reticulum (see @, Fig, 11). During the life and the
activity of the cell the cilia are in more or less vigor-
ous vibratile motion, and those sgents which exeite
or Tetard movements in the amosboid urJJ'|111H1]t,u= have
the same action e the movements of the cilia,

In stratified ciliated columnar epitbelial coverings,
the ciliated columnar cells constitute the superficial
laver. They are usually present in a single row. Be-
tween and below the deep extremitiez of these ciliatod
cells are a greater or lezzer number of S-Illll'll.'“l}-furlll anl
more of less ireegular polyhedral epithelial eells,
These are u.ﬂuaii_'r membraneless, and contain one or
more aphierical nuclei, the minute structure of the cell
being reticular.
columnar and other cells are a few soft granular

Scattered Lere and there among the

membranclezs bodiez, sometimes fosiform, sometimes

branched, apparcotly similar to the analogonz eclls

| mentioned wmder the eutaneous epitheliam (see <, fig.

| cells are known as gobef-eells (sen e, Fig, 11}

&, Plate 1),

Foblefeeclls,—Some of the colomnar eellz, whether
ciliated or not, may become distended and distorted
with a ecllection of mueus near the free end,  Soch
The
nuelens is generally pressed aside and erowded into
the deep end of the cell. IF the accumulation of the
muens continue, the thin limiting plate is broken or
detached, an occurrence which results in the dis
gharge of mucons drops upon the free surface of the
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epithelinm, and the probable ultimate destraction and
iation of the cell.

lt(:.‘-'!lll.' i..:llri.hi__’ I]Iﬁ: ]'l]'l..lgrt!}iﬁ HF
gastrie digestion, these gohlet-zhaped eolumnar eclls
are to be found in great numbers upon the mucous
coat of the stomach.

The epithelial cellz of the mucons membranes, like
those of the skin, are slightly separated, yet elosely
and firmly held tn;__-_'ctln:t‘ 'Ir].' an intercellular cement.
According to the investigations of some authors
(Ilein among others), foreign particles placed upon
the surfaces of muocous membranes are
TII.'Ii.:I:I!_".', if not exclusively, by means of the intercel-
lular cement-gnbstance, which, at the sarface of the
fibrous tizzue, iz in direct communication with the
superficial lymph-spaces of the conneetive- tissue.
Even in the intestines the minute particles of the
chyle, according to Klein, are not taken up by the

'.l! Iail]'r]h'{l

columnar eelle, and thence passed into the radieles of |

the lacteals, but they enter the intercellular cement,
which reaches the free surface, and pass along this
until they reach the lacteal capillaries,

GLANDULAR EPITHELIL M,

Under this {.‘::!IPHU“ we eonsider cells of widely-
'|.':|.t‘_!."l|.|g function and location. A=z a i'u]i'-' tl:u:y have
an embryonal derivation similar to that of the invest-

ing epil'h-;,rliumr upon which the ducts of their glands |

empty. In fact, they commonly begin to develop at
an early period of intra.uterine life by epithelial
buds, which project from the deepest layers of this
i:1ruﬁtirlg c}:lthulium into the .'iu}_lup'llht:li:il connectives
tizsue,

{f s of mngons membranes,—The :.rlﬁtlmlia! gfa]]u],ﬂ‘
whiich open upon the surface of mucous membrancs,
seem to be construeted upon two general plang, if we
are to judge from the nature of their lining epithelium,
The warious forms of these glands seem to be only
modifications of two madels,

L. Simple tudielar wecous glands —The simplest kind
of e ithelial E[‘m{] iz, [Jtrl'h:ilw_. the crypt or follicle
of Lieberkiihn, It usually presents the form of a

small tube, closed at the deep extremity by a emeal |

end, and opening at the other upon the surface of
the intestinal canal. The cells, lining the tube in a
i-iil.!j_.'__]i: layer, are apparently idenmtical in structure

and form to the columnar e|iiil:u]ium of the surface, |

They are short, cubical, or eolumnar cells, which
possess a spherical or oval nueleus, with a thin,
double-contoured limiting membrane, The gland-
tube iz unsually single, but sometimes may be
branched in its deep extremity. The deeper por-

HISTOLOGY.
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tion of the gland is frequently slightly larger in
diameter than is the upper portion or neck of the
gland. In the wider portion the eells are longer.
The columnar cells consist of a.network, which is
denser in the nuclens than in the cell-body. The
fibres of the reticulum have a general direetion
parallel with the long axis of the columnar cell,
namely, perpendieular to the wall of the tube. They
are zeparated from the latter by a thin, flat, sometimes
branched, endothelial eell, and separated from their
Iluiglllmr-mlls by a small amount of cement-substance,
into which sometimes branches of the endothelial
cells above mentioned may project.  The free end
‘Jr 1.|:“.'. EU].“H'I.]'IIJr HIL'” ]I'l:l.}" UE:I]'I':l'iI'I H l]]"l'br_l Df I|'|“'E1_'|.S1
when it constitutes what has already been described
as the goblet-cell.  The chief, if not, indeed, the only
function of these cells is the secretion of mueus, aml
the gland itzelf may be regarded as the simplest form
of a mucous gland. The cells in the guicseent state
are smaller, and apparently more granular than when
the ecll iz actively forming and exereting mugus,
At no time, however, during health, is the ecell
coarsely or densely granular. It iz to be remarked
also that the longitudinal striation of the cell—an
appearanes in itzelf due ta the ]ir{r'h'H!Hlt It'ﬂlgi.tl,lll'ir
nal direetion of the meshes of the intra.cellular and
intra-nuclear reticula—iz somewhat more marked in
the neck, and at the orifice of the gland, than in its
fundus, Besides the foregoing characteristics, these
purely mucous tubalar glands possess a distinet
lumen througlout their length.

2. Compornd tubelar wueons glands—In the mneous
glands of the mouth we have an example of a com-
pound tubular gland, whose chief’ funetion is the ex.
cretion of muens,  Here we have not ulliJ." a modifi-
cation of the form of the simple tubular gland, but
there is also a complication of the lining of the tubes.
Some of the largest of these glands may be taken as
a type for description. Each gland consists of a large
duet, fannel-shaped at its mouth. The duet pazses more
or less abliquely []er:gh the mucosa, Reaching the
submucous tizsue it dividez into a number of gmaller
tubular branches, each of which soon slightly enlarges
to form an infandibulum, Very soon the infandi-
bulum again narrows, and passes into the secrcting
portion of the tube, which, after turning irregularly
in numerous convolutions, ends in a cecal exiremity,
In man, the funuel-shaped mouth of the duct has a
lining of stratified pavement epithelium. At a slight
depth, however, the epithelial lining of the duct is
gseen to consist of a zingle layer of long, narrow

| colummnar eells, with intra-cellular and intra-nuclear
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networks, producing a distinet longitudinal striation,
and a slightly granular appearance of the cell. The
lumen of the duct has congiderable width, In the
narrow tubes, into which the duet branches, the epi-
theliwm is still in a single layer only, but the cells
are mow mueh shorter and wider. They may be
cubical, or even more flattened. The cells still con-
tain networks, but these are neither dense nor arranged
0 as to produce an apparent striation.

In the infundibulum the lining cpithelinm still pre.
gerves this more or less flattened form.  The lumen off
the infundibulum is conzequently comparatively wide.
As the deep portion of the infundibulum is reached
it again slightly narrows to pass into the convoluted
tubes. At the same time the character of the lining
epitheliom again changes, Their cells now bew:ll‘n‘:
columnar and very slightly granular,  They contain
a round or oval double-contoured nueleas, which is
located near the outer end of the cell, both cell-body
anid nueleus consisting of a network of fibrils forming
comparatively large meshes when the gland is fully
developed.  When the latter is active, these cells con-
tain drops of muein in their inner portion, and present
every eharacteristic of goblet-cells.  When exhansted,
[h..—_-;" shorten very considerably and become very
E;mnul:u'r and qm]w_\qlicuﬂy somew hat DR, The
lamen of the convoluted tube is characteristically
large. The epithelia of these glands rest upon o layer
af endothelia]l or connective-tissue cells which are
more or less branched, some of the branches penetrats
ing 28 septa bietween the intercellular cement which
holds the eclls wgether,

Sometimes in the convoluted portion of the glands
twn, three, or more embryounal eells are found at rare
intervals along the course of the tube massed together
in thin clumps, and they are always located between
the previously deseribed columupar epithelinm and the
laver of endothelial cells which form the basement.
membrane of the inbes,

The sublingual gland of man and the submaxillary
gland of the dog are mueous glands still larger than
those last qmlmit.lul‘m], bt 'l'|u:l'|.* are constructed upon
the same general plan with, however, an epithelial
lining a little more complicated, In the convoluted
portion of the tubes, protoplasmic colleetions between
the muens-cellz and the basement-membrane of siel-
late endothelia, somewhat zimilar to the embryonal
eelle mentioned as oceasionally present in the last-
degeribad mueous glands of the mouth, are in these
gl:ﬂ.‘ﬁl:\ll very numerous. These protoplasmic masses
are more or less erescentie, and have received the

name of the ereseents of (firnuzzi, aller the anatomist
B

who first aceurately descreibed them. They are densely
granular uni- or poly-nueleated masses without a de-
fined membrane, but with projections which fit into
the spaces between the epithelial cells with which

Fig. 16.

ECAMAXILLART Geaxe or Dus —u. Mucgscells, b PProtoplasm cells. =
Cresecnts of Glansrsh. of. Transverss soclica of eXerelory diet wiiki igs peon-
liar eolumnar oells.  High power. (8rickar. )

they are in contact. In other respeets the contents
of these compound tubular glands are apparently
identical with those of the smaller mucons glawls of
I.|u: ol

8. Commporned tnhulor solivary gloads —The parotid
gland of man iz built upon the same plan as is the
sublingual so far a8 the arrangement of the tubes is
concerned, but its function is quite different, and so
also are the charscters of the lining epithelia of the
convoluled seereting tubes,  The epithelial cells of
thiz portion of the tubes are more or less enbieal,
anil are dengely granular amd proportionately opague.
They countain a round nuelens loeated near the base.
ment-membrave, and limited by a thin cuvelope of
double contour. The nucleus and cell-body consist
of a dense network of fibrils with frregular and small
meshes, containing, in the quicscent state, a minimum
of fluid substance, During aetivity, this fluid in.
Crenses very mu:aiq]nruh]",;, and distendz the meshes,
thias czluning the eell 1o become L'nm-'ilh_'r:l'ill}' ].'lrgs,:r
and more transparent.  Crescents of Gianuzzi are found
in these tubes also, but in fewer numbers than in the
purely mucous glands.  Awnother distinetion between
these parely salivary glands and the purely mucons
glandsz iz in the diameter and the zize of the lumen
of the convoluted tube., In the mucous gland the
lumen iz distinetly recognizable, of considerable size,
and is generally patulens, while, on the contrary, in
the purely salivary glands it is often doulaful if the
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convoluted tube has a real lamen. Tt is at all times
so small and generally so plogged with a substance
much like the intercellular cement, that some authors
have denied the existence of a true lumen in this
portion of the tube, and have claimed that the small
intercellular spaces act the part of a duct for the
geeretions,

In the submaxillary gland of man we have presented
a lorge compound tabular gland still more compli-
eated than either the large purely salivary, as the
parotid, or the large purely mucous like the sublin-
gual, for in this gland the functions and the structure
of the two latter seem to be united inone. It isa
compound tubular gland of mixed function—the
seeretion of a salivary floid and the excretion of
mucus, and it eombines more or less intimately and
perfectly the anatomy of each, Some of the lobules
of the gland are eomposed of convoluted tubules,
which possess an entirely salivary charncter, while
others present a purely mncons strocture and fune-
tion. Further, even in the same lobule, some of the
eonvoluted tubes may possess the one character, while
others represent the other variety,

4. Fastric y-!'an.rﬁf.—fll the stomach are two varieties
Gr (] I:H}Iil!li]. f.lﬂml:u‘ H]:.I.:I'I‘IF' W]Lj.ﬂll IHL"-:i{.‘.‘ﬁ HA ﬂl}il]lﬂ-
lial lining presenting peeuliarities somewhat different
from the preceding.

In loocking at the mucous surfiec of the stomach
'Ih'i.lil ] i.'__ﬂ(:“! !ﬂfl:tlil‘:}'i“g I]:l“ll-]‘L‘ILH,, 'i.][lrlll.:]l!'l} ]Ill[l]]_le]".‘i
of minute holes can be seen, They are generally
colleeted together in groups of three to five or more,
Theze small holes are orifices of the ducts of glands
mxnp}'iu;_-: the thickness of the mucosa. T]Le:,.' have
been called peptic glands, They are constructed upon
the model of the compound tubular gland. They
consist of a common duet with a wide lamen, The
gurface of the mucons membrane of the stomach is
covered by a single layer of columnar epithelia,
During digestion many of these eells elaborate and
dizeharge mueus, and in ﬂuiug sooassnme the form of
goblet-cells. Columnar cells, identical in appearance
with those of the mucons surface, line in a single layer
the walls of these duets, Near the middle of the
thicknesz of the rete mucosa the duets suddenly narrow
and divide into two or more smaller branehes, which
imun'di.'t'h']:.‘ become constricted, to form the neck or
intermediary portion of the secreting tube, The neck

of the secrcting tube is lined by a conti

uation of the |

e]'uithr,-]ium in the duct, but the cells are much shorter.

]|:|rnruli:m1-:1_1,‘ outside of the latter, and between them
and the h:uﬁclmﬂﬂ-Jns:lnbr:u“'._ are seattered ]u_:rn;: :m:l
there single cells of a very granular aspect containing

a round or oval nuclens, both ecll and nuclens being
more or less flattened. They consist of an intra-cellu-
lar and an intra-nnelear network, and have been called
by some authors peptic cells (Figs. 17, 18). They do

Fig. 17. Fig. 18,
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mon duct. &, & [t chief branches. brane. B Large glamdunlar or peprie

r. Tormimal esea with spheroldal goll, ¢ Bmall epitholial colls sur-
gland or pepile c2ils. (mr;wnl'tr.j ronndlag the lumes,  {(Carpeuafer.)

not constitute a continuous ]:l.j.'er. T]LU_}" are more
closely aggregated in the neck and upper portion of
the scurutiug tube than towardz the fundus, :llﬂlutlgll
they are also present in the deepest end of the tube.
The seereting tubes into which the large duct divides
are somewhat wavy in their course.  They are often
quite eurved at their ciecal extremities. After the
constriction of the neck they gradnally increase in
diameter until the deep end of the tube is reached.
Az the tube widens the lining epithelinm lengthens,
atill, however, leaving a distinet lumen for the passage
of the mucouns secretion. The cellz of the fundus
contain a spherical nucleus in the outer end of the
eell, and an intra-eellular and intra-nuclear network
whose meshes do not, however, present a lincar ar-
rangement such as is seen in the cells which line the
neck of the scereting tubes and the common duct,
Between the epithelia upon the surface of the gastrie
mucous membrane is a seant reticulum of branched
conneetive-tissue or endothelial cells. Similar cells
and their processes also penetrate the intercellular
cement of the whole epithelial lining of the peptic
glands,
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Liver- and Eidney-cells.—The gland cells of the liver
possess one, sometimes two gpherical vesieular nuclei

with an investing membrane of double contour and |

an intra-cellular and intra-
nuclear network. The net-
work appears to be ar-
ranged somewhat as a
lioneycomb. In the spaces
of this honeycomb are
drops of fat, with biliary
granulez, and oecasionally

Fig. 19.

pizment. The cells are
polyhedral from mutnal -
pressure, their outlines

generally  presenting five
or six sides. They are
solt, membrancless, and ap-
parently granular.

The cells lining the
tubules of the kidneys pre-
sent diverse aspects aceord-
ing to the relative portion of the tubules in which
they are located. Those in the convoluted por.
tions of the tubes are more or Jess granular and
OpEue, Here Ihc_].' are I!:I(‘Inhr."lui:ll.r_-,i.ﬂ.l and encl cons
tains a round or slightly oval nucleus a little towards
the deep part of the cell. The cells are more or less
cubigal in form with a tendency to a eolumnar shape.
They are longitudinally stristed—an appearance due
to the presence of large numbers of minute rod-like
fibres with a general dircetion perpendicular to the
axis of the tube. These minute rods or fibres are
in truth wnited into a network, the meshes of which
are extremely long and narrow. The nucleus also
eontains a network,

{;fﬂﬂdﬂ' Gf the slim.—1. l'i'u-wnr-:'ﬂ-:ni-.’s. T]||3 sielor-
parous glands of the eutancous surface are simple tubes
which at their deep portions are very much convo.
luted. In the straight portion of each tube, as it passes
through the derma, there is an epithelial lining con-
sisting of a single layer of more or less eubical or short
columnar cells. These eells contain a nuclens, and are
more or less longitudinally stristed—an appearance
due to the presence of an intra-cellular and intra.
nuclear network, the prevalent direction of whosze
fibrilla is longitudinal. In the convoluted portion
the epithelial cells arc much less striated, because
the meshes of the reticulum of which they are in
part composzed are much more irregularly ﬂr}nngml,

2. Bebaceous plaends—The sebaccous g]:!nr]ﬁ consist
of two or more lobules attached 1o an excretory duct,
The lobules are as a rule regular, ampullar dilata.

O

IeoLaten Herario CRLLe—, &,
Normal, bt & wmore Bighly mag
nified, showinz the nDecleos asd
distinet sil.panticles; ¢, cells in
varioes sages of Tauy dogoneration,
[Carpenior.}

tions, lined with two or more layers of epithelial cells,
The peripheral layer of cells restz upon the basement-
membrane, and consists of cubical epithelia having

| spherical or flattened noclei containing one or more

nucleoli, These cells are more or less granular—an
appearance due in part to the presence of & fine reti.
enlum in the eell-body and nucleus, and also in part
to the presence in the meshes of this retienlum of
small farty particles. The second layer of elements is
composed in the main of cells similar to those of the
outermost Jayer, whieh lave undergone a metamor.
phosis into ft-vesicles,  The molecules of fat, which

| are at first seattered through the meshes of the reti-

culum, aceumulate 2o rapidly that they distend its
meshes inordinately, and finally eause the atrophy
and destruction of the nuclens and the breaking-
down of the fibres of the retienlum, The small fatry
particles then run together and form a large fat-drop,
wleleh ulti]'r'mtl:l_}' bursts 1i= ]:rulup]n:i]ni:', mwclulnu
and becomes free in the lumen of the gland.

Hair and heir-follicles—Epithelinm enters into
the construction of the shaft and the sheath of lLair—
structures met with ¥ery extensively on the surface
of the body. The hairfollicle begins its development
in the skin as carly as the third or fourth momh of
the existence of the fotuz, The first stages of de.
\'eh:rpmeul. are e_‘{llll.‘.'ﬂ:,.f zimilar Lo IILLZIﬁ-L! of ﬂu_r. swents
gland. DBoth thess organs arise by an ingrowth of
Iill;: clutancomns cpil.h&“ll.tn, 1t IIH.‘; :HII:I.E.I:: of 'lrL:-:]:s__ wh'l{_:h
rapidly extend in length, burrowing their way into
the depth of the connneetive-tissue; [or some time
after development bas begun, it is impossible o say
whether a certain epithelial bud, growing into the
::-uun-;bELi'FE.-liSél.le, will uhimale]_'r firm a Si'.\':::il-;__']:mﬂ
or & hair-follicle.  After the 1*|-il:|:|151]':1| bizd has thus
entered some distance, the mass presents the first
characteristic indication of the formation of a hair,
by a more or less definite appearance of two layers:
viz, an axial and a peripheral layer, or the true hair
and its investing sheath. DBy further evolation these
two portions, into which the mass of cells filling the
deprnsﬁiﬂn in |ItB derma las F-:-p:lmterl, ﬂuhmph'.ut'f_ﬁ'
{,lqat'e]q}p, 11113 n:{{al pul‘rinn into the slmrl, the ]'Jl,:rEI'-iu;rr:l.].
i'u:ﬂ'b:m i!ul:.’:- i|i¢ :ﬂ!n‘!:ﬂh of the hair.  Afier this Elaoe
of growth las been reached, the space this channelled
ont of the connective-tizsue, and (lled with the sheath
and shaft of the hair, receives definitely the name of
haiv-follicla. The adult hair folliele normally contains
epithelinl elements very similar to those of the com-
mon epidermiz, but presenting some characteristies of
form and arrangement which are peeuliar to the hairs,
Binee the hair-follicle, sheath, and shaft are formed by
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an infolding of eutaneons surface, the arrangement of
the varions elements iz essentially the same as upon
the surface of the zkin. The sheath of the hair 13
compozed of an inner and an onter portion, The outer
pertion is a continuation of the rete mueosum of the
skin, and eonsists of epithelial cells identieal in strue.
ture and arrangement with those of the normal rete
mueozum (b, fig. 1, Plate I1). Interspersed smong
1][‘5.‘341 ﬂ}]i!]li?]i:l i:‘-'l H EII'HL]] I'Ill]]lll.:l{:r ul" hrl'llll.:]li."'] Ilrulﬂ'-
plasmic cells, in every way similar to those upon the
surface of the derma,  Internal to the cells correspond.-
ing to the rete mucosum of the skin iz the inner
sheath (e, fig. 2, Plate 1L). It is composed of two
sirata of transparent cells, the invermost stratum
containing elements with a visible nuclens.  Both cell
and noclens are somewhat ovoid in Slt:l])c] while the
cells of the outersnost stratum are destitute of nueled,
The latter are, perhaps, a continuation of the eells of
t.hﬁ stratum Hl"-'i'llu]{]ﬁlllll lJ‘F l]l(.‘- F'I]J'l.-ill:l‘., -'I].‘I.I]{:Il]gil ﬂll:‘_'p'
contain no granules,
is the axial shaft or hair proper, itself covered with a
very thin cuticle (g fiz. 2, Plate IL). The euticle
consists of a single imbricated layer of thin epithelial
scales without visible nuelei (g, fig. 1, Plate 11}, The
hair-shaft comprizes two portions when seen trans-
verzely, viz, a cortical cylinder and a medullary axis.
With itz investing cuticle, the shaft, except In and
near the hair-bulb at the root of the hair, consisis
entirely of extremely thin corneous epithelial scales

Within I'||.s; im:urmn.-al ;i]ur:alh,

i : g .
without a vestige of nuclei. They are so densely

p;u_-kud h}gu;]u:r, that it is irIIE.I':.lSS“j!L‘r even aflter
mechanical dissociation, to distinguish the outlines of
the cells.  After the action of sulphuric or nitric acid
upon them, the intercellular cement-substance is dis-
solved, when the thin scales can be readily separated
by means of needles, and their characters demon-
strated (fig. 4, Plate 1L},
shaft represent, therefore, the stratum corneum of
the epidermis.  Some of the minute interstices between
the corneous scales may contain particles of fatty
matter or |ri;:._lm_."rlt-gl':l1m]¢s. The greater or lesser
abundance of the latter determine the l:igllt of dark

The corneons cells of the

i

vaenoles filled with air, and the same gaseons sub.
stance generally fills the interstices between the
shrunken eells.  The medullary axiz of the hair-shafk,
no matter what the color of the eortieal evlinder may
be, shines through the latter, presenting a lighter and
more glistening appearance.

The foregoing characters of the hair are commonly
obzerved in thoze portions above the bulb or root of
adult hair.  As the bottom of the follicle is reached,
the distinetions between the inner and outer sheath
}EL'UJI'I.[,': ]llb-t. il] 1.hl.‘. gl.!tll:]':l] ﬂ!llhl’}""lli_l] Ellﬂmﬂtﬂr nl' l]ll,:
l;pitlmlium_ The hair-shaft 15 now also c];al]guﬂ hoth
in shape and in the charaeter of the constituent ele-
ments. It expandz into a bulb.shaped extremity a
little above the bottom of the follicle. The euaticle
covering this bl iz composed of slightly granular epi-
thelia containing distinet nuclei. At the bottom of
the follicle these cells are more or less S].‘:!lcrit::ll, bt
ﬂlel'!.r flatten and their size and the distinetness of their
111_1:;'1_-,5 In;:.'u:aq:n gr:uhl:t”:.r {rom In:]f:-'w II|1.'|.'.':|I:‘4:]:-‘-r 0% can
be seen by reference to the figure already indicated,
until, above the bulb, the nncleus i= lost entirely, and
the cell is converted into the thin transparent cutici-
]:’]I‘ ]‘I].ﬂlﬂ:—'- or Fd::lll.!."- -'I.[IT':I"I:.' :I'IIE.‘I]I;HII{'.[]..

The two 11»nr1it:11!: of the hair-shaft alzo prisent in
the root an aspect Lrntirf_"l_',.' different from that of the
outermost end.  For a slight distance above the bulb
the cells of the cortical eylinder are less corneons and
they contain a trace of a nuelens. As the bulb is
approached, the epithelia of this eylinder gradually
inerease in thickness, while their nuelei also become
larger and more defined.  In the bulb itself, the ttr:i-
thelial eells present the characteristios of the most
gul..;rﬂ::i.n.l cells of the rete mueosum.

-!'[ ll':l!-ﬂll'l]:ll" mll“mli.\'l:-li?‘ﬁu.l: ]!:IPH]JI f"-E:ITii'Igﬁ 'FHI!II
the bottom of the hair-follicle and penctrates the
centre of the hair-bulb,  On the sides, it is ensheathed

bv the cellular acenmulation which is continunous
L,

color of the hair. Some of these minute capillary |

HlmuES Ij'l.:l:'" {'.‘{Il!]l'.LJII] Hir. 1i‘i"h!_'lf'l IJJH.]]_'I.' H'F 1|:Il,’m A |

filled with air, and at the same time the pigment par-
ticles, previously mentioned, are present only in small
numbers or are entirely absent, the hair presents a
glistening silvery aspect. The medullary or axial
portion of the shaft consists of an irregular aggrega-
tion of shrunken c]\i[ill}]'t:l. of an -:rrigin::! form more or
less polygonal.  These shrunken angular eells some-
times contain pigment-grannles, sometimes minute

above with the corneous cortical eylinder of the hair.
shaft. Above this papilla iz a mass of epithelial cells,
similar to those of the cortical part of the bualb, which
iz continnons with the shrunken irregular corneous
cells of the medulla or axis of the shaft. These
medullary cells of the bulb pass by slow gradations
from below upwards into the irregalar corneous cells
already deseribed as cxi.ﬂing in the axis of the ]mir1
but they still present distinet nuelei at a level much
higher than that of the bulb. The papilla secms to
be the main source of the vitality and growth of
the hair.

Dhestruction and rr:p'nfm{r'un af ﬂjir'fﬁffr'iiﬁi‘?.-—rl']t&
various investing r].:ilh(',]iu, of the entaneous surfaces
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and of the mueousz surfaces as well, seem to undergo
a constant destruction and regeneration.  Desguama.
tion is constant upon the external surfaces, and iy
geems also to be a common although less rapidly
oceurring  phenomenon upon the mucous surinees.
This eonstant loss of cells must be fully eompen-
sated by an active new formation of elements. It is
generally conceded that the new supply of cells must
come from the layer corresponding to the rete mueo-
sum in the stratified epithelial coverings.  Whether
these new cells are produced by a proliferation of
the soft finely granular polyhedral epithelial cells
of the rete mucosum, or whether they arize from
the wandering cells which are always present in
greater or lesser numbers in the epithelial coverings,
or whether they are in part derived in both ways, n-
vestizators have not enticely determined,  Many ope
hold one of th: extreme opinions, while some defend
thie midedle growmd,

It is quite certain that under the influence of irm-
tation not only do the rete eells prolilerate, but even
those which have begun to approach the corncous
condition return to the embryonal state, or exhibit
other evidences of an awankened formative power,
Under such a stimulus, some of the cells may contain
an endogencuz progeny. Such a condition is [re.
quently met with in and around iwmors, and upon
cpilhe-].ial surfaces seereting [ELES

The mgeuemtiun oL Er.':ltn,hllillg surfaces of 1;115.
thelivm, or its new formation over abrasions, seems in
some way to be more or less closely related 1o the
action of previously existing epithelial cells. The
newly formed epithelium iz almost alwayz eonneeted
direetly with the old epithelinm at the edges of the
wound. If a large abraded sarface be sprinkled freely
with cpit.in;ti:a] geales, i=olated islands of 1:1;:1.'.']1,-‘ formed
epithelia, which exhibit no direct connection with (he
epithelium at the edges, may aller some time make
their appearanee.

Shin-grefting—0ne means of |1£rn§ir|g extensive
granulating surfaces is, by the emplovment of skin-
grafis, This method is in some respects eazentially
identical with that of dusting the surface with epithe-
lial seales, In both instances, the presence of epithe
lium seems to alfeet the sranolation-cells in a peonliar
manner, and cause the latter todevelop into epithelia.
There seems to be an fafection of the granular eclls by
the epithelia, or, 20 tospeak, an “action of presence” of
the epithelial seales, which is shown in the tendency
of the embryonal eells acted upon to form epithelinm
rather than connective.tissue,

—
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Having reviewed some of the numerons eellular
elements which in part constitute the human organ-
1sm, we now enter upon the consideration of the
histological relation which they bear to other consti-
tuents, We have already studied the lymph and the
blood—tissues which from their derivation may be
classed as congeners of conneetive-tissue,

The eomnective-tissue, in one form or anather, be.
siles special offices which it may perform in the
humaon economy, acts as the framework upon whieh
and within which the various elements and organs
are supported.  Upon it rests the investing epithe-
limm, In it are imbedded the glands, the museles,
the vesselz, and the nerves.

The great connective-tissue systém comprises the
ﬁllluwiug groups of tissue, which will be examined in
the order in which they are here ennmerated : Mueons-
Tiszne; Varieties of Conneclive-Tissue, properly so
called —Cartilage, Bone, Dentine, and Cementum ;
Muzele, Nerve, and the Connective-Tiasne exhibited
in the Bloodvessels and Lymphaties.

MNUCOUSZ- OH GELATINOUS-TISSUE,

In the haman adult this form of tissee iz of ox.
H’t:tl]t‘]j‘ limited distribution. It is ﬂmm;] i|| the
vitreous hamor of the eye, and perhaps in the enamel
organ of the teeth. In the embryo it is very exten-
give. Tt presents two penersl varietics, which are
distingnished by the charaeter of the cellular ele-
ments, and the intercellular substance which sur-
ri,ﬂmllﬁ them.

The simplest form of mueons. or gelatinons.tissne
is that reprezented by the vitreons hamor of the eye.
It gonsists of a transparent, colorless, gelatinous semi.
Auid anbstanee, which containg a more or less con-
siderable quantity of mucin, or of a substance which

| i A . s
has a very similar reaction. It is precipitated by

weak acids in the form of minute granules, which
then give to this semiflaid ground-substanee under
the microscope a finely grannlar aspeet and a slight
opacity when viewed by the naked eve. Imbedded
in this gelatinous semilluid gronnd-substance, cellular
elements are present in more or lesz eonsiderable
numbers, aceording to the age of the subject and the
quieseent state of the tissue. In the adult they are
seatiered at rare intervals, These cells pre !I'!,':]"Fl]“_rill
elements of more or less Hllllfr'h;ll.l or oval outline,
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They are capable of limited movements, which,
howewver, are perbaps not nsaally softicient for loco-
motion, although some of them are doubtlezs wander-
ing cells. They have no limiting membrane; pos-
seas one, sometimes two or more nuclei, and consist |
of an intra-cellular and an intra-neclear network,
which give to the element a more or less granular
aspect. The gmtll:nl-:—'ﬂlhﬁi;lnm seems 1o be void of
bloodvessels in the adult,

Another variety of mucous-tissue, a type of which
iz met with in the Whartonian jelly of the umbilical
cord, has a more G[J1I'r|]]il::lil'li strncture, and 15 a Ht‘.'l.l:]t!
higher in the scale of development. In a gelatinous
]||_I_|_I_:,[|'|_-1_".'l.r'|'|1:|.'iI:I;II.‘._', grmuul-mllr:‘-t:lmﬂ; similar tin tln:l u;-l'
the simplest variety, is to be found a network, or
rather felt-work of soft, delicate, slightly refraeting
fibres.  These are collected info bundles or bands,
gometimes of considerable width. U]:L:-H and near

these bundles, eells more or less stellate, and in other |
respects similar to the flat-branched eells of loose
connective-tissue which bave already been particu-
larly deseribed, are to be seen, these branches form.
j_ng h_-:; t!n_:ir communications a more oF less -::u|11]:]1:11_':
network of stellate eells,  Some of the bundles con-
tain, in their interior, bloodvessels with distinet and
somew hat thiek walle. The interdibrillar areas are
also sometimes permeated by eapillary bloodvessels
with large looze meshes, and with strong, distinet

EXTLANATION

Fig. 1. A profile view of a uman bair-follicle, comtaining |
o hair under a high power.  (After Frey.) |
a, The fibrous sheath 3 &, the external reot sheath ; e, the |
euticle of the hair-shaft; p, the papilla of the hair; &, e
the medollary axis of the hair-shati; &, the cortical
|,'II.'|i|1dr-;|' of the i||||il‘--.-~-||:|.|:‘l‘r iy the tramsition of the cor-
nesis l-]ﬁl'lu"li:.l genlea of the cortical |'_'l."|'II|111'I' af the hair-
shafi with the soft, nmocleated, and
leas epithelium of the bulbar portion of the hair ; e, point of
tronsition of the soft necleated epitheliom of the bulbar
I.lelill-ll af the medinlla of the hair-shaft into the .'llll'ilhl{!"]:l!':',

abowie, membrane.

deformed, amnd dry cornesus granules whicl Gl the medulla

of the upper poriion of ihe shaft,

Fig. 2. Transverse section of half of a Human hair, with
its root sheaths, still higher power,  { After Frev.)

_,I:.‘ Iair-shnit Hi - havir=cuticle 30, LW Eil_\'t‘:]'.-i of the intermal
t‘lml-ﬂl!"::lh H ﬁl, external rood-ahieath, zshow EI'l'-‘f an auleE Iii_'l'!':l'
of colomuar cells 3 ), bnsement membrmne ; o, the exterunl
filirous zleepili.

| wallz.

I they are tense or lonse,
| - 5
constitute the bundles are united and held together
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These capillary vessels are ensheathed by a
network of branched cells,  The interfibrillar S[MICES
alzo contain, in small numbers, the lymphoid cells
common to the simplest variety. Sometimes net-
works, composed of fusiform or of branched eonnee-
tive tissue eells (fig. 5, Plate 1L), are seen occupying
the inter-fibrillar spaces. In some pathological for-
mations of mucons-tissue there iz, in addition to the
foregoing structure, a sparse network of fine single
clastic filres.

WHITE FIBROUS-TISSUE,

Filbrows bundles,—White fibrous conneetive-lissue
iz most extensive in its distribotion. Tt eonsists of
extremely fine fibrils colleeted together into bundles
varying widely in thickness aud form,  These bundles
of fibrils may be eylindrieal or band-like, the sides of
the eylinders or bands being usually parallel, The
bundles mav be branched, but the individoal fibres
never are so.  The course of the bundles may be
straight, or more or less wavy, according to whether
The minute fibrils which

by a transparent viscid cement, which may be dis-
gsolved by weak acids, lime-water, !mr:.'l:l water, 10
per cent, solution of =alt, and by other means known
to the histologist.  In some loeations, the bundles are

OF FLATE Il

]"'i:_:. 3. a, b, e, Btellate muconz-tizzne cellz, wlhiose proeesaeg
form a morve or less complex petwork,  (Moderste en-

largement, )

Fig. 4. Represents isolated cells of various parts of the
Highly {After Frey.)

e, Nueleated epithelial cells of the bolbar portion of the
lwir; &, &, cells from the enticle of the hair ; 4%, corneoes
epithelial celle of the cortieal portion of the shaft, treated
with sulphurie acid, the same resolved into separate plates
at &

hair, magnifisd.

Fiz, 5 Muocons fizsue {gelatinons jissae) from e ombilienl
cord of a Lamb, VETY !Iig]ll}' Inuglliﬂ!'ll. [ Afer Kan-
vier )

&, Bramehed cells ; s, embryonal eellz, or I_h'mplu eorpugeles ;

F,conmeetive fibres; B, intercellular amorphons fluid-zul-

stance, contalning muein.
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more o less completely enveloped in a thin elastic
gheath, Sueh ensheathed bundles are to be found in
the subcutancous connective-tissue, in the subarach.
noid of the brain, in aponeuroses, in tendons, and in
some other locations,

Structire and arvangemend of [flrows buindles—The
bundles of fibrils present a distinet longitndinal
fibrillation when seen under a sufficient magnifying
power. When they are loose and wavy, they also
appear to have an imdistinet, transverse striation.
This is an optical illusion cansed by short and very
frequent waves in the courze of the fibrila, This
wavy appearance of the fibrils, and consequent appa-
rent transverse striation, may be seen sometimes even
when the sides of the bundle zeem to be perfectly
straight.

Water and weak actds cause the imterfibrillar ce-
ment to swell, and give the bundle a hyaline or
homogeneous aspeet.  These agents have no sach
cifeet wpon the clastie sheath which envelops some of
the bundlez. Epsheathed bundles appear swollen in
some places, and eonstricted in others, thus present-
ing a beaded outline,

The bundles of fibrous tissue may be variously ar-
ranged with respect to each other. The simplest
arrangement iz that of a collection inte secondary
buudles or bands, which run parallel with each other
and are spread out, side by side, to form lamellar
membranes, asg in aponeuroses, or are collected to-
gether to form rounded cords, as in tendons, They
may, on the other hand, eross each other in various
direetions, forming a loose felt-work with wide meshes,
Az In ﬂm Loz cmmc—mi\'c-tissuesa; for ('x:mlplc, I.EH; s la-
cufaneous- oF mucous-tizzue, the inter-muscular con-
neetive-tissae, the loose interstitial connective. tissue of
glands, ete.  Or they may be closely packed together
to form a very dense felt-work, sach as the cutis,
the dura mater, ete,

On the other hand, the bundles may form a loose
network spread out in the form of a membrane with
more of less wide meshes, like the mesentery, the
ligamentum deatatum of the spinal cord, ote,

Hiterfilivons sperces, and their orllular contents.—The
spaces left botween the fibrous bundles are consc.
quunll_',,' af forms v:‘.r_-.*iug secarding 1o the direction
of the bundles,  They are filled with lvmph, and con-
stitute the radicals of the great lvmphatic system.

In tendons, the spaces left between the bundles are
more or less linear when viewed longitudinally, and
when seen in transverse section appear more or less
stellate,

When speaking of endothelia and connective-tissue

corpuscles, we described the flat elastic cells which
form a ]’J:’lﬂiﬂ.l lining of the ]J':nph-:c]:;mu formed
between adjacent |1-:|.r.'||:l|;'.| bundles of tendons, and
stated their relation to the bundles of fibrils upon
which they were more or less closely applied. Tt
was then stated that these eells (the flar tendon-plates
of Ranvier) spread across two or more bundles,  Fig,
2 Plate II1., shows Very bc::uliru"}' this peculiar
arrangement of the tendon-cells, The drawing re.
presents & number of (primary) bundles united 1o
gether into a (gecoudary) larzer bundle forming a
small tendinous eord in the tail of & young rat.  In
larger tendons we have a nmnber of sueh seceondary
bundles collected tozether to form the tendon,  Ten-
dons of this kind have their external surface covered

| by a eomplete layer of large flat endothelial plates

smch aa line serons cavities, which rest upon an ex.
tremely thin elastie apparently structureless mem.
birane.
trate of silver, when placed under the microseope and
seen longitudinally, shows this superficial eovering
of endothelial eelle. By lowering the focus the flat
tendon.cells of Ranvier next come into view, The lat.
ter if seen in surface present the appearances already
deseritind d propes of the cells of the connective-tizsue,
If their position wpon the secondary bundles is such
that they are seen in profile, they then appear as lines
or spindles with slightly projecting bellies correspond-
ing to the loeation of the nucleus. When a tendon
composed of secondary bundles is eat transversely,
and properly stained, it presents a number of more or
less markedly stellate bodies (Fig. 20) connected the

Buch a tendon, after proper treatment by ni-

TeadevEgap Lperem oF Texnow ! showing seeallel brasched corpuscies,
& wihikeh. Boft Blank, nro ssterally dlled with tondinoos Ixaed.
PoWed, |(farpealdr,)

(e lialng &

ek, Mzh

one with the other by anastomosing branches { € fig. 2,
Plate II1.}. Thesze bodies were formerly regarded as
stellate connective corpuscles.  They are, in normal
tendon, generally nothing more than the cross euts off
the more or less flat tendon plates of Ranvier. These
stellate forms may eonsist of two or more of such plates
in apposition. Sometinies even one or more lymphoid
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cells may be mingled with them., They may thas be
formed of aggregations of cells, in which ease several
nuelei may be visible within them. The anastomosing
Lranches appear to be sections of the primary or
gceondary cell-plates and their lateral ramifications.
The elear zpaces constituting the meshes formed by
the previously mentioned anastomoses correspond to
transverse sections of bundles of fibrils which have
not taken the staining.

Besides the fixed cells above described, lencocytes
or wandering eclls are found in small numbers in the
lymph spaces of the conneetive-tissue,

Elastic fibres.— When tendons are thoroughly boiled
the white fibrous tissne which constitates them is dis-
solvied, and the other elements i'-mviu.’:nm'.'}r mentioned
disappear. The more complete this effect of boiling,
the more visible beeomes a network formed of single
highly refracting elastic fibres. These elastic fibres
are very small in diameter, are more or less perfectly
cylindrical, are branched at intervals, and are appa-
mnt]_'!.' homogeneous,

Their branches unite to form a network, whose
I]'Ll.'_"ﬁhl,'s are iljﬂg :I.]]‘.] !I:tl'l.‘”".'l.'.r thc ].L”J]'Ig l]i:'lll'll:_.‘lﬂ‘l' I'_]‘F [I]i_!
meshes being parallel with the axis of the tendon
bundles which they accompany. These elastic fibres
are in contact with the sheath which envelops the pri-
mary bundles more or less completely. They are so
difficult to be seen that unless they are specially pre-
P:1r1."l:l T.[w.}‘ are g-:l:em]]}' invizible.

In ‘aponeuroses, where the fibrons buandles are
arr:].n;:rml s0 a5 to form thin lamells of considerable
width, the fibres of a given lamella run parallel with
each other, and are erossed at an angle by those of
the lamella next above or below. In many such
lamellar fibrous-tizsues, the fibres in adjoining lamelle
cross at right angles.  The tenden-cells are then
found to be much more i]"]'t'{::ll]:ll']j' formed than in
the simplest variety of tendon. In the adult these
cells are not 2o frequently arranged in rows as in the
simple tendons, and the secondary ]:].'l!ma which gpring
from the body of the cell may then have a direetion
eorresponding to that of the different fibrous bundles
with which they are in contact.

Lonse conective-tisswe~—In the looze connective-tis.
sue, for example the subeutaneonz ecllular-tissue so
called, the bandles of fibrilz run in every conceivable
direction, sometimes branching and forming freqnent
anastomoses. The spaces left between the fibrous
bundles are generally large, and they frecly inter.
communicate. Fluid or air injeeted into them readily
passes from one to another. After having been dis.
tended by air and dried, they present the appearance

to the naked eye of large cells or vesicles, henee the
name of cellulartissne.  Some of the bundles of filires
are ensheathed as already mentioned, many of them
arg not, 'T'he fixed cells of the connective-tissue are
not very numerous in adult tizsue of this kind., They
are loosely applied to the surfuce of one or more
bundles, frequently at their points of erossing (see
fig. 8, Pl. IX}. The wandering Iymphoid cells are
munel more pumerous in this form of connective-tissue
than in the tendons or aponeuroses,

Yellow eclastic fibres are also to be met with.
Here they-are frequently much larger than in tendon,
but they bear mueh the same relations to the fibrous
bundles in the one ease as in the other. The larger
G]:]Sti'ﬂ ﬂhl‘f.ﬁ ]I:l'n'l} Imtll f;:}'I.'I.'I'H.i 'I}Jl' SOme 'i“"'EEliH:ﬂ_ﬂrS
to be enveloped by a thin, dense membrane, which
in most locations is extremely difficult to demonstrate.
In the loose subarachnoid connective-tissues of the
brain, and in some other loeations, this investing
sheatl iz quite distinet.

This variety of fibrous tizsue may exist in the form
of a thin, fenestrated membrane. Some port 1ons of the
omentum furnish an example of such, the fenestrae in
this case representing the dilated lymph-spaces exist-
ing between the bundles of fibrous tissue, It iz thought
by some anthors (Axel Key and Retzing) that many
of the looze connective-tissnes are composed of scant
felt-works of fibroms bundles spread out in many
;mpgrim])ﬂm':l 1'.III'IL"“'.l‘1 which are nare or Il,‘!-'ﬁ sipaa-
rated from each other by a single layer of flat endo.
thelial cells resting upon one side of an extremely
't!'|"||]l S1Tli¢|11ﬂ"]l‘ﬂi QIﬂbli.G IJ'I.[:'IIJII.H'HII{:,

Dense conneetive-fissne—The dense felts of white
fibrous tissue, as, for example, those of the true skin,
of the dura mater, ete., are essentinlly identical in
structure to the loose felis of the subentancous con-
nective-tissne, of the submueous-tissue, and of the
interstitial eonnective-tizsne of muscles, and of glands.
The fibrons bundles being now much more closely
packed together, the Iymph-gpaces are consequently
zmaller. The eellular elementz are also present in
mueh smaller numbers,

Bloodwessels =—The hloodvessels ﬁnirpll."ln;; this form
of connestive-tissne have much the same character
as in the fibrons variety of mueons or gelatinons-
tizszue already dezeribed.

There are two other varieties of white fibrous con-
nective-tizsue, namely, the sewroglice and the reffenlar,
or lymphoid tissue, which will be briefly considered
when we study respectively the nervous system and
the lymphatic system.
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YELLOW ELASTIC-TISSUE.

Avother form of connective-tissue presents itself in
the yellow elastic-tissue. The fibres or bands com-
posing it differ in chemical constitution from those
of white fibrous tizsue. They are not influenced hy
the action of water, weak aeid, or strong alkalies,
Unlike the white fibrous tissne, the individual elastie
fibres frequently branch, and by the anastomoses of
those branches form a genuine network with meshes,
varying in size and shape according to the location
and the variety of clastic-tissue,

Fine elnsiic fibres.— As already indieated, every form
of white fibrous tissue contains a variable amount
of elastic tissue in one form or another.

Perhaps the simplest and most widely distritmted
v:l.riut}' -ul" :,rul]-uw e'l:i:‘.l,iq-l‘.i:muu jﬁ that wlli::h is Ell'i‘:ﬂ.‘!ll
.ﬂ.mﬂ“g thB I}l]'l'l.l']lﬂ."i I‘.‘Ir "n"lli.'lﬂ ﬂ.hl’fﬂ'lﬂ li:iﬁl!l} i!l l]ll}p fl:llllll
of a loose sparse network of fin= eylindrical apparently
homogeneous and highly refracting fibres.  These
fing ¢lastic fibres lie in close proximity to the (pri-
mary) white fibrous bundles, never within them.
After nearly every method of preparation they scem
homogencons, preseniing no trace of fibrillation or
other structure. DBut when freshly submitted to the

B

action of osmic acid, and examined under a mode- |

rately high maguilying power, they appear trans-
versely striated, I a power of eight or nine hundred
diameters with a good lens is employed, the transverse

strime are reselved into highly refracting lenticular or |

somewhat apherical Forms, imbedded in a less dense,
hyaline, transparent substance,

The fibres of elastic-tissne are straight or curved
according to the tense or lnose condition of the tissue
in which they are found. When broken they curl
up at the extremity. This forn of elnstic fibres is
met with also in the matrix of yellow elastic cartilage.

Osarse eleativ fihres —Besides the network formed of
such delicate elastie fibres just deseribed, many white
fibrous tissues contain an elastic plexus, eomposed of
much coarser fibres.  These coarser, elastic fibres are
eylindrical or band-like. Schwalbe proved them to
be covered by a delicate elnstic sheath, which is ordi-
narily invisible. After the action of osmic acid upon
perfeetly fresh specimens, the coarse fibres are alsoscen
to possess the peculiarity of structure already de.
seribed for the finer fibres, This variety of yellow
elastic fibres is also met with in the skin and other
felt-works of white fibrous tissues. In the superficial
portion of the trachea and bronehi they are closely
packed together to form, with but a sparse amount
of interstitinl white fibrous tissue, a dense longi-

T

tudinal layer. The most marked development of
this form of yellow clastic.tizsue iz found in the
ligamentum nuchae and the ligamenta subflava, which
may be regarded as, por eeeellence, types of vellow
elastic tissue. Ewen in these twe locations there is
always a certain guantity of white fibrous bundles

Yevvow Biastie-Tiaaee—Migh pewer. |Gy}

scattered through the meshes formed by the large
yellow fibres, and there are also a small number of
the formative connective-tissne cells present.  The
latter bear their enstomary relations to the lymph.
spaces and the fibres.  In this tissue the clastic fibres
pursue mainly a longitudinal course, and are closely
applied to each other. But if thin sections are made,
and pulled out laterally by needles, it is easily seen
that they really eonstitnie a network. Thiz formn of
yellow elastie-tissne is also found well developed in
the walls of large arteries and veins,

The elastic networlks heretofore considered are
more or less sponge-like in their arrangement.  Thers
are elastie fibres which are band-like and in some
locations form only lateral anastomoses. In this case
we have an elastie fenestrated membrane, such as is
present in the inner and middle eoats of arteries and
veins (soe fig, 3, Plate T11.).

Furthermore, mstend of a fenestrated membrane,
wi may have a continuons L'l_'r-,:rul' J.'q:]!uw clastie.
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while the descendants have received the name of
abwnghier cells. 1T thoe process of division e slow each
new cell may form around it
a new capsule (see Fig. 24).
In this case the mother cap-
sule econtains a series of
daughter capsules.  If, how-
ever, the process of multipli-
cation is rapid the newly
born cells will not have time
to seeure the formation of a
capsule before they give
birth to new cells. Henoce,
the orginal mother capsule
must now confain two or a
greater number of eells of a
more or less embryonal nature, The healthy earti-
lage-cell lives, then, within an envelope or shell which
it builds for itself as a habitation,

The inner surface of this envelope, the cartTaye
eapsule, forms the bonndary of a lymph-space, more or
less spherical, which is normally quite filled by the body
of the ecartilage.ceil (sce figs. 4, 5, Plate 111}, Pre-
parations of eartilage usually show the cartilage.cell
to be more or less angular, and oceupying only a small

Fig. 2.

ProuirexaTesa CARTILLOE:
crrs =, Protoplasm of thecell ;
w, muelealms | B mwelens | d, pei-
mELF afd sttuadary carilage fag-
eules: ¢ grenml substanee. Im
o of ke cafiilage-tulls afe seon
fwo nmelal.

CammitAge oF A CoTTLE-Fizn.—a, 4. Dody of cell. B Amastomosing Lranches
of the eella. ¢ Fosdasealal sulislance, 5 #00,  (Rauavlr ]

wards the surface they become more or less flattened
or lenticular in outline. In the superficial layer, at
the articular surlaces, the eells are quite flat, and
sometimes branched,  In the articular cartilages, near
the periphery, where the fibrous tissue of the syno-
vial membrane is attached, the cartilage-cells are often
branched, and at the line of attachment the processes
of the branched cells sometimes communicate with
those of the connective-tissue corpuseles of the fibrons
tissue,  Branched cells, like those seen in Fig. 25, are
not uncommen in hyalive eartilage of some lower
animals,

Metriz.—TFhe intercellular substance, the ground-
substance, or, as it is technically ealled, 1he matriz of
hiyaline cartilage, iz usaally hard, somewhat elastie,
homogencous, and transparent. In adult cartilage,
after staining, the matrix fainmtly shows, by slight dif-
crences in shade, very indistinet and shadowy mark-
ing for some distance aroond the l:.ﬂ.l'_lﬁu]ﬂ (fig. &, Plate
IIL). The cartilage-cell scems to have been a centre
around which on all sides the matrix has been de-
posited in suceessive layers from without inwards, the
existing capsule being last deposited.  Under some
circumstances the shadowy areas around the capsule

| seem to be composed of a number of coneentrie shells,

The whole ground-substance appears to consist of an
aggregation of these shadowy arcas surrounding the
cells.

Fibrillation of matriz—Sometimes in odalt hyaline
cartilage the matrix is seen 10 be very finely fibril.
lated. This condition is met with most frequently in
the coatal eartilages of the aged, and in the caleifying
layer of ozsification of coartilage (zee fig. 1, Plate IV.).

Eiibryonal eartilaye.—The cells of hyaline carti-
lages may be clozely agpregated, or they may be
sparsely distributed through the matrix, When the
intercellular substance is so small in amount that it
is scarcely appreciable, the cartilage iz known as
parenchymatons or embrional cartilaye,

In the deep portion of articular eartilages, in the
peighborhowd of lines of vesification, the cartilage cor-
pusclez assnme an arrangement in parallel rows more
or less vertical 1o the artienlar surface,

Perichondrivm.—Fach variety of cartilage is en.
veloped in a fibrous membrane, the perickondrium,
which covers it everywhere exeept upon the articular

| surfaces and in the lines of ossification.

proportion of the space within the capsule. This isa |

distortion, due to the death and shrinking of the cell.

ﬂ'a!‘::i_}"mu!‘iﬁn q_f mr!ﬂugc.—{.'clrlil.'lgc fay e infile
1I‘.'lt.¢{1 with ealsareons pﬂrfr‘ﬂ!‘r& '“riu::n ‘t.l]izi- i% 1|1+3 s
lime granules, minute and more or less angular, are

In the depth of cartilage the capsules vsually have | first deposited in the ground-substance, immediately
a tendency to assume the spheroid form, whils 10 I

aronnd the eartilage capsules.  From these points the
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infiltration may HE‘.‘II:III'.'L“_‘!." SP'I'I..‘:II]. until the whole
matrix may be incrusted, and the cells transformed
H_',‘ transmitted !'tgi]t. the
|1u|rliu]|,:$ HF Ij.rm: G ll:l.l.'l:: EL]]I:] lililil('llll_",', I:'I.Tgl.:- {JIJHL!I.:-
tions of them l:()]]:-'d;(lll!;l]ll.",’ APPHEAT more or less blacls,
By reflected light they are brilliant and shining. This
deposit of lime does not appear to permanently ehange
the constitution of the cells or matrix. Weak acids
readily dissolve it, leaving both apparently in their
original eondition.

into caleified elements.

YELLOW ELASTIC OR RETICULAR CARTILAGE.

This variety of eartilage is met with in man, in
the Eustachian tube, in the epiglottiz, and a few other
places. It differs from hyaline cartilage only by the
presence in the matrix of fine, yellow elastie fibres
in greater or lesser numbers. These fibres are gen-
erally collected together so as to form a trabeeular
network in the matriz.  In the meshes thos formed

symphysis pubis, the bundles constituting the lamelle
have a concentric arrangement, The cells of this
form of cartilage have the same relation to the bun-
dles as the flat cells of Ranvier do to the parallel
bundles of tendons or aponeuroses. The cells them-

| selves are not iillilt‘: g0 flat or s0 mueh branched as

the endothelial cell-plates of tendons. They are en-
veloped by the characteristic eapsule of the cartilage-
cell (fig. 2, Plate IV.). In some places the capsules
are surrounded by a very small amount of hyaline
substance. In the transition of tendon into fbro.car-
tilage the tendon-cells gradually thicken and become
invested with a capsule, the only wvisible change
noticeable. In the transition of fibro-cartilage into

| hyaline l;,‘::lﬂi]:igl‘. a5 s observed at the edzes of the

the cells are found cu!.'e]npcd in C:!IL‘G[I[(.‘FI which are

surrounded by a variable amount of hyaline ground.
substance (zee fig. 3, Plate IV.).

Near the perichondrium the elastic fibres gradually
l;]i.!-;ulli]l::ll’.

WHITE FIBROUS CARTILAGE.

This form of cartilage appears to oceupy, histo-

logieally, an intermediate place between white fibrous |

connective-tizsue and hyaline eartilage,

Its distribution in man is somewhat more exten-
sive than the yellow clastic cartilages, It is chiefly
found in the intervertebral disks and in the burswe
of tendons,

The intercellular substance or the matrix consists
of white fibrous tissue arranged in parallel bundles,
l"rn::qm_tuﬂ:,.' the fibres are arranged in lamelle, and
gometimes, as in the intervertebral disks and the

EXPLANATION OF PLATE

l"il;. 1. Section of 1’.‘u]li_"|ﬁ1'1! :'l.hl]. ﬁbri]ln!ud Il![’.'i]i.lh.’! L‘J’lﬂilup’l*,
from the costal eartilage of an old Man,

a, Interecllular matrix infilirated with mimute calearcous
gramules, they are found more densely agaresated at e, around

High power.

the cortilnge capsules; &, fine fibrille, imbedded in the in-
tereeilular hivaline matrix.

intervertebral cartilages for example, the fibrous
intercellular substance slowly dizappears and merges
in the hyaline matrix, while the cartilage-cells gradu.
ally swell and approach the spherical form,

Lymphatics of mrfr'fteyc.—U:Lrtil:ig::I like all the
other connecltive-tissues, is |M.:rmu:11m| l:",' fympf: ELICES,
The cartilage-capsules are perforated by almost num-
berless minute canals.  The openings of these minute
capillary tubes or pores communicate at one end with
the interior of the capsule, which iz a lymph-space
containing the eartilage-cell, and at the other end open
'i.'l'lh]n ]:ll‘gu {J:l'l'llll Itl;!l‘.l.l.i W]]iﬂh ] [Illlr'!" ill I..l.i!; mlr[il:l&"_‘:
matrix, and which, in their turn, communicate with
the lymphatics of the perichondrinm.

BONE OR O55HOUS TISSUE,

Bone is the greatest in weight of all the solid tis-
snes of the organism, and iz the most extensive of the
groups of the great connective system,

It presents for study a ground-substance, inclosing
CE:]II,Lh'lT l:]ETH¢]11.S I't11{] 1:-'-L'$EL"I5| h[.llil I}"!Ili]ll =Illi1 U:l]jil-

IV.

contained within o eartilage enpaule, and exhibiting various

| stazes of multiplication,

Fiz. 2. Filro-cartilaze from the intervertebral disk of Man. .|

High power.
a, Fibrouz matrix or intercellular substance ; e, b, cells

Fig. 3. Retieular or elastie eartilage, feom the epiglottis of
Man, showing the so-ealled eartilage cellz in various
phases of division within their enveloping eapsules.
High power.

b, Elastie fibres imbedded in the interecllolar matrix.
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lary. The gronnd-substance iz dense and compaet,
as at the boundary of the medullary canal of long
bones, and at the periphery of both long and flat
bones ; or, on the other hand, it i3 porous or spongy,
as in the dipleé of flat bones, in the interior of epi-
physes, and beiween the outer and inmer compact
layers of the diaphyses of long hones.

Compact hone—The ground-subztance of compaet
Tome is hard and brittle, owing 1o its infileration with
aalts of lime, which in the fluids of the body are ondi.
narily insoluble. They are, however, readily dissolved
by the employment of acids.  Afer decalcification
throngh this means, bone may readily be cut into
thin seetionz and stained, Thin plates of the hard,
brittle bone, may also be obtained by grinding. A
transverse section of the ecompaet substance of the
ghaft of a long bone prepared by the latter method,
and mounted dry, presents an appearance, when ex.
amined vader a high power of the microscope, which
is very I":tirl:," n,:lnr-cﬁcnled by fig. 1, Plate V.

Hoversian canels—The grownd-zubstanec iz per-
ml:‘tc(l l':l:r' H ]].II“]L,’CT 1:![‘ Frn.'ll] ';:-:“'I:IIF-r l.;l.lj lrﬁllﬂ'r-\'ilﬁ'ﬂ
eanals, which have a general direetion mainly parallel
with the axis of the shaft. They intercommunicate
by means of short transverse or oblique branches,
thus forming a network of n!}.]u!lgnh:uf], ani more or
less rectangular meshes, The Haversian canals con-
vey a eapillary bloodveszel and one or more lymph-
vessols, besides a variable amount of delicate, loose
eonnective-tissue of a reticular variety, inclosing eel-
lular elements,—a tissue essentially identical with the
bony marrow which fills the Haversian spaces of
spomgy bone.

drranyement of bowy lomelle—Detween the Ha-
versian cauals of compact bone the prownd-sadstoenee
is arranged in the following mamner: Immediately
around the eanal the '|:u:ll!1_].l' filvrousg tizsue sliows {rom
four to filtecn or twenty eotteentirte fumelle, the number
".."..'l.l‘_‘..'il'lg nqm:n]ing 1o the age of the formation, The
greater the age the more numerous are the concentric
lamelle.  The Haversian canals, with thetr surround-
ing concentrie lamelle, are known as the Maversivn siys-
tems. Between, and separating the Haversian systems,
the grml,u,li-illh:-i!:ll'mc iz gonstituted |'r_'.' whiat Lave been
termed the feterstitial loella, rl'ln‘:_'p" mlulmri:-'{: bands
of osseous substamee of wvariable width, ronning in
various directions.  Among these interstitial lamellx
of variable direction are some bands of lamelle which
pursng a course in general parallel to the periosteal
surface of the bone. These are known as the paricfl
lamelle. Running among the imterstitial and the
parictal lamelke are sometimes found a small number

of scaticred elastic fibrez which are very diffieult to
demonstrate,  Interlacing with the parietal and inter.
stitial lamellae are found o few small bundles whose
basis 158 white fibrous tissue, and whose dircetion is
more or less perpendienlar to that of the lamellw
which they penetrate (see fig. 3, Plate V... They
are called perforating fibres, or filves of Sharpey, and
are suppozed to be the remains of bundles of white
fibrous tissue originally forming a part of the inner
layer of the periosteum, for at the [:uriplu:r}r of the
bone similar fibrez arc continuous with fbrous bun-
dles belonging to the inner layer of that covering,

In flat bones or in thin |_m||_1r pk;].teﬁ, the compact

| substance presents essentinlly ihe same [eatures. The

arrangement of the Iaversian systems, however, is
by no means o regular as in the diaphyses of Jong
bones,

Lione corpuscles,—Between the bony lamellie of these

different sy=tems are numbers of lywph-spaces, in which

lay conneetive-lissue eorpuscles, just as in other forms
of lamellar fibrous tisane. Thess lymph-zpaces and
their cellular contents constitute the so.called bone.
eorpuscles.  Each lymph-space is in communication
with its neighbors by means of minute canalienli, the
brapches of the so-called bome-gorpusele,  These
canalien]li penetrate the bone lamellwm, and pass
through them, usually nearly perpendicnlar to the
direction of the latter., When a thin preparation
of eompact bone is made by grinding, and the thin
plate is mounted dry, these lymph-spaces and their
eanalicular branches are {illed with air, and by trans.
mitted light consequently appear dark upon a light
ground. In Haversian systems eub transversely, the
body of the bome-corpuscle iz seen in profile, amd
eonsequently presents an ovoid or fusiform outline,
the long axis being parallel with the eourse of the la-
mellie, The eanalicular branches, more or f-;xﬁ.l‘-‘.l!r.'ligl;l,.
ancl rl.|||11iug |u:rpmtl.15u11]:1l' to the 1l:tlg1h ol the con-
centric Jamella, give to the Haversian systems a
Ieautiful striated aspect, the fine strie I':Jq’Ii:Jlilig from
the Haversian canal as a centre.  In the interstitial
and parietal lamellee the camaliculi produce a visible
transverse striation. The canaliculi, besides forming
an intereommunication between the lympli-spaces of
the ground-substance, also bring them into connection

| with the lymph-vessels of the Haversian canals.

When a so-ealled bone-corpuzcle with itz canalienlar
branches is izolated from the surrounding bony sulb-
atapee in which it is imbedded, and is i'-rﬂrh'ﬂ_',.'
treated, it is found to consist of an elastic shell form.
ing a branehed lymph-space.  Within this branched
I:,.’:nph-ﬁiu:u:u: floats & flat conpective-tissue ecll similar
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| of bone is especially found in the central cavities of

to the flat branched cells of loose connective-tissue,
This is really the bone-cell, Ttz strocture is identical
with that of the connective-tissue corpuscle. It gives
off delicate branches which enter and Jrass some 5=
tanee along the minute canalienli,

Spongy bone—The spongy portion of bone offers a
grozs formation quite different from that which we
have just studied in the compact tissue. In the latter,

the Haversian canals occupy a small area in proportion |

to that of the intervening ground.substanee, and con-
tain a minimam of marrow-tissues. In the spongy
substance, on the contrary, the bony matter is small
in amount compared to the area of the spaces which
correspond to the Iaversian eanals of the compaet
tissue, but which here are called Hawversion spaces.
Moreover, the Haversian spaces are filled by a cellu-
lar mass, known as the bony marrow; in which nume-
rous bloodvessels with extremely thin and delicate
walls ramify. The large Haversian spaces are not
surrounded by eoncentrie lamellw, but are separated
from each other by more or less delicate trabecule of
bone which represent the interstitial and parietal
bands of the compact substance, and which have a
minute structure identical with them. These bony
trabeeulw form a loose spongy osseous network in
the meshes of which rests bone marrow,
Marrow of bone.~The marrow of bone is an extreme-
ly vascular, cellular tizsue which presents two chicl
':trleliurs, the yellow and the red, The yellow mearrow

EXPLANATION

Fig. 1. Transverse seetion of compact substance of shaft of
o long bone of Man.  High power.

a, The civenmferential or peripleral lanelle, whose course
is, in the main, parallel to the surfes of the bone 3 O, the
concentric Jamella: constitwting the Haversian systems, in
the eentre of which are the Haversian eanals, £, g : another
system of lamella is represented ot e, o, the interstitial or
intermediate lamells ; &, bone corpuscles, with their rudia-
ting canaliculi.

Fiz. 2. Longitudinal scetion of similar bony tissue. Same
power.

a, Haversian canala; &, their wallz; o, bone corpuscles,
separated by the bone lamelle, whose direction iz vsually
parallel with that of the Haversion veszsels,

Fig. 8. Seme of the bhony lamelle from an intermediary or
interstitinl system, forcibly stripped off after decaleil-

the long bones. It consists mainly of fat-vesicles such
as arc met with in adipose tisaue, and it is the fat-cells
which give the tissue its yellowish eolor. Among
these adipose vesicles are a variable number of other
clements. A few flat, more or less branched eonnec-
tive-tissue eells together with a sparse amount of deli-
cate connective-tissue fibres sometimes form thin septa

Fig. 26.

CHLLA FEoM TEE MABROT OF BOXE DOKING THRIE PERIODOF DEY RLOFNEXT,— @,
B Multipoelear  glant eells’ (Frexl. < fg Lysph-e-lls fram the marrow of
the tibia of the GuisesPlg, examined fn the ceram of the blosd & &, o, &, afler
the actiom of aleokol and water B per eeal.  §, ). Secallod cofeoblasis from (ko
femur of o mow-born D, after dkic action of alechisl 33 per coat.  Bigh power.
[ Banvier.)

between the vesicles. There are also in the latter
location a small number of cellular elements, which,

OF PLATE V.

cation of the bone, showing the bone mrlmmtes, and
the filires of Sharpey, ¢

Fiz. 4. Vertical seetion of the deep layer of ossifying por-
tion of & metatarzal bone, showing some of the plases
of development of bone from cartilage.  High power.
{ After Miiller.)

e, Cartilage cells, arranzed in rows, zome with shrunken
eell bodies ; &, ground substance of the cartilage; e, medol-
lary canal in process of formation, and containing vessels
and meduolly cells; o, the remaing of the ground subatance
of the eartilaze, covered by o thin layer of newly-formed
Lone, g¢ e, osteablazts covering the recently formed bone;
. n hone cell in proeess of forming a bone corpusele, still
comnected with the osteohlastic laver of eells; &, recently
developed bone corpuscle, containing a young bone eell ; o,
a medullary space, from which the contents have been dis-

placed.
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by their size and structare, cannot when isclated be
distingnished from colorless lymph-corpuseles. The
mmailest of the latter hove been called medulle colls
(d, 1, Fig. 26). Multinuelear giunt eells (myéloplaxes,
a, b, Fig. 26) are also present in small numbers, The
latter elements consist of a large, soft, membrancless,
irregularly-formed, sometimes branched and flattened
cell-body, of a fine granular appearance, and contain
a fibrillar network like that of other cells. They
inclose a large number of nuelei. The vessels are
gimilar to those of the other varieties of marrow,

Red marvow of bone is met with in the Haversian
gpaces of spongy bone, To the naked eye it differs
from the yellow marrow mainly by the entire ab.
sence of fut vesicles, or by their presence only in very
small numbers, and by the extreme vasenlarity of the
tissue, This form of marrow consists of reticulated
fibres similar to those of lymph-glands or lymphoid
tissmes to be deseribed later.
retionlated ti=sne, cells of the fu“{m."itrg forms are
closely crowded: 1st, perhaps an extremely few fat.
cells; 2d, large numbers of medulla-cellz; 3d, eon-
siderable numbers of multinuclear giant cells; 4th,
polynucleated eells, which have a diameter slightly
larwer than that of the red blosd-corpuscles, and
winicl‘: posses & :mlu:rﬂth, n]hpnrcnl:y lmruugc:nmum
body presenting a yellowish-green tinge, — these
cells, m.:mmﬂng to Newmann and Bizsozero, subse.
quently become converted into red blood.corpuseles,
by losing their nuclens and becoming bi-concave;
bth, along the osseous trabeculm are a single row of
cells, which are larger than the ordinary colorless
elements of the marrow, and are more or less pris.
matie or flattened by mutual pressure. They have
been called by Gegenbaner asteahlasts, since they sccm
to take an active part in the formation of the bouy
snbstance,

All of the foregoing cellular elements possess, in a
more or less active degree, the power of movemen.

Besides the cellular forms already deseribed there
are always present in the bony marrow some colored
cells, which are not distinguishable from red blood-
ll;:nrlmy-q;hn,

Red bone-marrow is very richly supplied with
bloodvessels, which have extremely thin and delicate
walls,

Perivstenm.—The external surface of bone iz covered
I}J." a fibronz membrane—1the prriosfennt. It consists of
two layers, an owter and an inser, The outer laver is
eomposed of one or more lamellz of dense white fibrous
tissue, the direction of whose bundles is parallel 1o

the surface of the bone.  Among these white fibrous
B

I the meshes of this

bundles iz a limited quantity of fine yellow elastic
fibres, and in the lymph-spaces formed by the apposi.
tion of the bundles are cellular elements similar to
those of dense, white fibrous tizsue, In this cxternal,
or fibrous layer of the pericstenm, blood and lymph-
wessels ramify and form networks,

The inner or osteagenctic layer of the periosteam
consists of an extremely loose fibrous tissue, the
meshes of which are filled by eells very similar to the
osteoblasts deseribed as existing upon the trabeculn
of spongy bone. Among these are numbers of ele-
ments which present characters similar to those of
lymph-corpuseles. The osteogenetic layer of the peri-
osteum is richly supplied by bloodvessels, which run
among the cells occupying the meshes,

Beneath the periosteum the surface of growing
bone is covered by a bony network, the meshes of
which are crowded by cells which are contiguous
with those which fill the inter-fibrillar spaces of the
{:u:-th;ugq:lll,:lit&. I:\:;m:r_ Here and ﬂurt‘!‘,: ﬂuk st super-
ficial portion of this Lony network sends a pointed
and gomewhat curved spicule of bone into the depth
of the osteogenetie layer of the periosienm. The
points of these somewhat conieal spicules are usually
gontinuouz with fibrons bundlez of the vsteosenctic
layer. The surface of the trabeculw forming this
QEABONS nct.“.'m'k, a5 well as of the 'lmn:,- !-tpiu;;u'.es wluiq:h
project into the osteogenctic layer of the periosteum,
are eovered by the so.called osteoblasts of Gegenbauer,
through the ageney of which not only the bony tra-
beculee and spienles springing therefrom inerease in
stze, but also the fibrous bundles at the end of the
spicules arc ecoverted into bone. In this manner the
bone grows beneath the periostenm.

OEEIFICATION,

Bones increase in lengih by a process which is
known as essifieation, In young growing lone, the
epiphyses are united to the diaphyses by the inter-
vention of a plate of cartilage—the fntermediary
cartiluge.  The suceessive comversion into spongy
bone of the layers of thiz eartilage which are in
immediate apposition with the diaphysis, furnishes
an exeellent opportunity to examine the process of
ossifieation of cartilage,

Linr .r.;fuss.i_"ﬁwhbn,—ﬂ longitadinagl section passing
TEII‘L""E]J the diaphysis anid 1'111-:*r|m'1'[i:1:|'}' cartilage of a
long bone ghows to the naked eye a straight line of
union between the spongy bome and the eartilage.
This line iz called the Nae of essffication. The earti
IﬁE‘} above it seems to be divided more or lesz dis-
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tinctly into three layera—the lowest layer or the one
forming the line of ossification is more or less opac e,
the middle I:i","l’.;i‘ 15 !1I1li.‘i.ll.'l|.]_'!.' transparent, the upper
layer is quite normal in If & thin pices
Iui' the spongy bone and eartilage is shaved off] and

:I.'I !lj'h.!:L FILTICES,

I'IH.EI" .i_lciﬂg E'Irﬂi'l!"]']J' E'II'I:.‘IH.'IH“I.I [‘U‘r ﬂx:ill]ill:ltiu[l, i:‘:—
placed under the microsecope, the following appear-
ances may e noted (see fig. 4 Plate V.). In the
apper layer or zone of eartilage, the capsales and in-
tercellalar grﬂlilld-.—:lﬂmt:lllm are mormal. In the
middle layer, the cells have begun to enlarge and to
multiply. Some of them show signs of disintegration,
and the spaces which eontain the eells have also con-
siderably increased in dimensions. The increase is
mainly in a direetion perpendicnlar to the line of
ossifieation, and on account of this tendeney the cells
are applied against each other =0 as to form linear
rows. The intercellular substance is eonsequently
u:l{'_r{):l.i_'hlﬁl] “I'Hlll .'II.I'.]. FLJIII.L‘“']I.:I.‘- :‘Ur!L'l\L“.I.

In the lower zone, the cartilage matrix which re-
mains between the now gn::LlE:.' 1:!4:!1g:111:d -.:'.L]mllhrs, in
consequence of the further enlargement of the latter,
is md“(:[:lt Lo narrow il'-'lhﬁ“’l.!l.l.l“_: 'Wilil'.]'l. High i.]lﬁltr:ltl:d
with caleareous deposita,  The enlarged elongated
capsales frequently fuse together. They are now i
part filled by an embryonal marrow, The cartilage-
cells which ocenpy their upper ends approach a wedge-
shape, and are piled upon one another in such a
manner that the bases alternate with the spaces as

seen at a, fig. 4, Plate V.

Ina yet lower zone, the linear spaces between the
narrow trabeculie of cartilage matrix are completely
filled with 2 mass of cells similar in every respect to
that of the bony marrow in the Haversian spaces, and
they are now permeated by loops of eapillary blood.
1.-4_;:;;_-]& which are in eommunication with the vessels
of the marrow of the spongy bone below. The thin
trabecule of ecartilaginous matrix, separating these
spaces, are still infiltrated with ealeareous salts, They
are now more or less completely encrusted with a thin
layer of osseous substance of variable thickness (see
g, fig. 4, Plate V).

Thiz thin osseous incrustation is itself covered by
i '|.:|,11_;-a:r of osteoblasts of a Ill‘ixrll:t[iﬂ:l :H.‘u-itlr Or some-
times slightly-branched outline,
the thickest points of this inerusting
substance an oval-shaped, incompletely-branched bone-
corpuscle is visible. By carefully searching along these
incrustations pouch-shaped notehes are occasionally
met with opening upon the surfaee. These are filled by
osteoblastic cells which may be conneeted with other
cells in the osteoblastic !:l.}'l_:r lljf broad or narrow

Here and there in
layer of osseous

branches (zee £, fig. 4, Plate V.). It is thus seen that
the bone-cells are osteoblasts which have become in-
eluded and completely imbedded in the osseons sub-
stance which they have formed around them,

In a still lower zone, we recognize the same general
features presented by that last described. But the
lamelle of bone incrusting the cartilaginons trabeeuls
are much thickul‘, and the unt‘ti]:ige matrix has m:!iml_y
dizappeared in many places.

Below this zone, there is no trace of c:1rli'|ngﬂ TH r'uh:1
and we have only the ordinary structure of spongy
bone.  The spongy substanee thus grmlunll}r o=
eroaches upon the intermediary eartilages until they
finally disappear. The line of ossification presents
essentially the same features whether the cartilages e
intermediary plates between diaphyses and epiphyses,
or cartilages which cover articular surfaces.

It iz then noticeable, that in the growth of spongy
bone at the expense of hyaline eartilage, the latter
ez not rﬁ::l"_‘; beeome hone, 18 not ruui]y oasilied,
:_II.". iH E'I.":I(]l]:l".}' 5”-".'\5“‘“!“'!{ l”i!-{ W}J!‘!H‘l‘.fd h"f i.ﬂ]ll.f
sabstance which is the direct Eu'mlm:t of some of
the cells bﬂl#ﬂlgi:llj.’__ te the marrow contained in the
Haversian spaces of thie spongy bone.  This latter
tiszne is more or less :Hruuﬂ}‘ an ouigrowth from the
osteogenetic Jayer of the periosteum,

It may be stated in gmmm] terms that there is no
ossification which does not come either directly or
indireetly from the periostenm or from similar mem.
branes which represent it. The perichondrium which
envelops cartilage as the periosteum does the bone,
may be regarded as such o representative, for the
structure of the ooe is similar to that of the other,
and their funetions are parallel.

DEVELOPMENT OF BONE.

The original development of bone almost always is
accomplished throngh the intermediation of cartilage,
The bones of the face, however, and some of those
of the eranium, are built direetly upon fibrous mem-
branes as a fonndation. But whether or not cartilage
be employed in the process of development, the for-
mation of bone always starts from the periostenm.

In the embryonal cartilage which nearly always
precedes the formation of boue, we have arcas where-
in certain ehanges take place preliminary to the de-
velopment of bone, These areas have been ealled
points of essification.  When these points of ossifica-
tion appear in cartilage we have a development of
what has been termed codmeliomdeal fone,
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ENDOCIION DRAL BOXE,

In an embryonal eartilage which is preparing to be
replaced by bone, the following suceession of altera-
tions may be obzerved.

Formation of embyonel sporgy bone—At a certain
point in the inner or chondrogenetic (vsteogenetic)
].'I_\‘l.'-r of the l}crig:lmndrium, H] ]uu[l aor two of u:1|}illn ry
bloodvessels project into the cartilage-substance,  In
advance of these loops the cartilage-cells are enlarg
ing and multiplying within their capsules, which
alzo are enlarged. These eells finally absorb the car
tilage-matrix between them and the mass of eellular
elements which surrounds the projecting capillary
loops; they then eommunicate with the eells of the
osteogenetic layer. By a continuation of this pro-

cess of absorption of the cartilage in front of the |

advancing capillary loops, and by the addition of the
contents of the capsules to the mass of cells surround-
ing the wessels, the embryonal cartilage beeomes

channelled by vascularized cellular trabeeculs or |

granulations springing from the inner layer of the
perichondrium.

The next step everywhere in the close vicinity of
the vasenlar granulations, is the enlargement of the
eartilage-gapsules, and the muliiplication of their cell-
eontentz, This enlargement continues, and results in
the intercommunication of many adjacent capsales
and the eonneetion of their contents with the vasen-
lar granulations, DBy the enlargement of the spaces
containing the eartilage.cells, the intervening ground.
substanee ig eaten away until nothing is left of i1 but
an irregular network of anastomozing trabecule, the
surfaces of which are notched at the place where the
capsinles have communicated with the general ecellu.
lar ma=z. At the e tine the l::lrlil:Lgﬂ-m:u rix in
thiz riddled area is infiltrated with a deposit of the
insoluble saltz of lime. We have now an area more
or less irregular of calcified, spongy cartilage, the
meshes of thizs spongy formation being Glled with a
vascularized marrow, similar in econstitution to that
already deseribed when dizsenssing the encroachment
of spongy bone upon the intermediary cartilage.

The next step is the inernstation of the ealeified
eartilage-irabeenls with o thin envelope of oszeous
tizsue. This firsi takes place near the eentral portion
of the spongy area, and the bone is formed through
the agency of osteoblasts which cover the trabeenla.
This procesa advances until the wheole cartilage is
converted into spongy bone,  (Fig. 27).

Formeation of bony marrew,.—S0oner or [ater, in the
central portions of this embryonal spongy bone, the

oszeons trabeculie soften and disappear (vsteoporosis).
In this manner a central marrow cavity results. The
spongy ’I;mlm l.uru!_il]ueﬂ {en e :ttt)l'n.‘!_}' :Il.hst:lr]'xli. ael
converted mo marrow antil “III'IH}' the whole of the
embryonal spongy bone may be thus absorbed.

L

TRAMSFERAE Eperisy pros THE FENUE oF & Honax Eupkro apsvy Buaves
WEEKS (b—3. A madallary slngs ot tmusvers=ly, b Aootkor,cut lomgim-
dinally. ¢. Ostosbilasts. d. Newly formed ossdons dubstamce of o lglirey eolor.
e. That of grenter age. . Laconm, or hlosd-carpuseles, with iheir celis. g A
cell still united 1o as eapesbiast,  [AFfcr ﬁfpt«&ﬂu (]

At the same time that the embryonal spongy bone
is being absorbed at the centre, there is a continnal
new furmation of spongy bone by the osteogenciic
layer of ihe perichondrivm (which latter may now be
regarded as a periostenm), practically identical with
that already deseribed for the periosteal growth of
bone,

In the older portions of pericsteal spongy bone, Ha-
versian gystems and canals begin to form throngh the
ENCCREEIVE dut‘u‘uprnmﬂ of econcentrie lamellm within
the Haversian spaces, by means of the osteoblasts
which cover their surfaces. Laver within laver is
thus formed in eoncentric deposits until the Haver.
sian spacc is converted into a Haversian system with
its narrow contral eanal. The origingl osseous tra.
beeular, which formed the meshes of the periosteal
SpONEY bone, peraist ns interstitial bands between the
Haversian systems,

Abgarption of bone (Oeteoporosis)— Around the cen-
tral marrow-eavity, which haz been formed asindicated
above, a process of absorption iz at work, The com-
pact tissue i2 dizappearing, and being reconverted into
Bpongy tissue through the abzorption of the Haversian
systems and their substitution by bone-marrow.  The
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precess of absorption does not stop at the accomplish-

ment of this result, The interstitial ozseons trabeenlx |

of the spongy bone next succumb, and the softened
area is added to the eentral l"::l‘-'il}".

Thus it is that while the bones are growing at the
pg:riinhq:rll,' tlnr}' are being eroded at the centre.

According to Failliker, Rindfleisch, Klein, and
others, solution of bone is effected by the ageney of
1.-hl‘. Ilil.lltllll.'l'l.l;}h_';ur giﬂ.“l'ﬂ{:]]f\. rj.‘hl,"k}l.,‘. CLFIl!i i:l.:l."l'l} GOI-
sequently received the name of ssteoclasis. They are
believed to elaborate an acid by whose action the
bony substance with which they are in contact is first
softened and then dissolved,

In the development of bone, the various stages in
the process of ossification may sueceed ecach other
with varying rapidity in different booes, and in dif
ferent parts of the same bone. In long bones, for
example, the middle portion of the diaphyses often
entirely consists of periosteal bone, while at the ex.
tremities the embryonal spongy bone has scarcely
begun to disappear.

INTERMEMBRAKNOUS ROXE.

The intermembranous formation of bone is analo-
gous to the development of bone from the periosteum,
For instance, the bones of the eraniom have their
origin in a fibrons membrane which soon presents a
division into two layers similar both in structure and
function to the outer and inner layers of the perios.

Fig. 28,

DatEontaste rnow e Pamreran Bose or A Hosax Ewesvo THinTEEN
WeEEs BLb.—a. Bony sepis, with ibe cells of the lacun®, or bene.corpuecles,
k. Layers of osteoblasts, ¢ The Latber 15 Lragsitios 1o bosp-corpusclen, Very
high pawer. ([ Grgenbawr.y

tewmm. Spongy bone iz formed by the inner or osteo-

genetic layer precisely in the same manner as it is

formed beneath the periosteum of other bones. This
spongy bone is converted into eompact substance by the
same method, and finally osteoporosis progresees in a
mannper already familiar.

a

TEETH.

Although the first rudiments of the teeth are off
shoots from the epithelium covering the surface of
the gums, and although the enamel which covers the
exposed surface of the fully-developed tooth is of epi-
thelial derivation, yet the greater portions of the teeth,
namely, the dentine, the cement, and the pulp, are of
conneetive-tissue origin, and may properly be classed
with the connective-tissues. Beeauze of the entrance
of bone inte their structare, as well as for other rea-
sons, an examination of their histology would seem
to have an appropriate place after the study of bone.

Pevelopment of the teeth.—The first rudiment of the
tooth iz met with early in embryonie life, at a period
when the connective-tissue of the gum has searcely
advanced in development beyond the state of fibrons
mugons-tissue, It iz observed in the form of a clule
ghaped duplicature of the stratified epithelinm of the
gnm. (See Fig. 20.) This epithelial infolding is con.

Fig. 29.

WERTICAL SECTIoN oF Tus UrPreR Jaw oF & Farar Smeer, aloot 3% inches
long, showlng the ensmel-germ, with the semilumar rodiiments of ik denline-
germ and dontal sac in transverss saclion. 1. Deotsl grosve; 2 Palatal pro-
ooad, BMagsified S0 dinsmeters.

stituted externally by a single layer of columnar epi-
thelia, identical with those which form the deepest
layer of the covering of the gum, and internally by
a eollection of polyhedral epithelial-cells. These
eelle, like those of various other epithelial eoverings,
are held together by an intercellular cement-sub-
Slance.

This ¢lub-shaped mass of epithelial cells is the pri.
mary enamel-organ, Later this club-shaped mass pene-
trates deeper into the connective-tissue and increases

outline. The club-shaped extremity has now spread
out and become indented by a slight elevation of the
conneetive-tizsue which has begun to advance into it
(See f, Fig. 80)) This elevation is the first appearance
| of what will subsequently constitute the dentine and
| the pulpof the tooth. The milk, or first teeth, ate now

greatly in thickness, at the same time changing its .
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m full process of development. A preparation [or the |
growth of the permanent tecth iz, even at this stage,
often to be met with in the shape of an offshoot from

BANE, AT & LATRR PERICD OF DEVEL Y ERT,—E, Epithelinm. & Youngorlayer
of apithelinm. e, Inferkor layer of the eplilelinm. ¢ Examclongan, J Dea-
tlme-germ or papilin. g, b Jeeer asid vuler layorsof fhe sacenlan that 1s albost
ko formm.  [Carpanier.)

the epithelial mass already spoken of as the primary
enamel-orgau, 4, Fig. 31, represents such au epithelial

Fig. 51

VERTeral JRcriox o toc Lower Jaw or & HrMas Feres, measnring oot
Teur kneliss |& lenglli, inagaifed 23 diam, 1 Deatalgreeve. B Romalis of ithe
snamal-germ, 1 BRuhibcl-of@an of b dodldions looik, pissentiag epithallnm op
Bl MEa anbed il bnmor saaface, 0 o, whero bi Hues tbe sacenlos ned whors i
eovers the papille, 4, Ennescl-germ of the pormasest tooth, 5, Dentine gemm
#, Beetion of isforior waxilla. 7. Meckol's cartilage. The demtal sscoulus will
Losbaseved Le presoul 3 sember of Geo papille sppesite the dentnl papills.
(Carpenter.)

offshoot after the changes in the growth of the milk-
woth have so far progressed that the connection with
the enamel-organ of the latier has been severed,

Fig. 21 represents a mueh later stage in the forma-
tion of the tooth. The connective-tissue papilla has
grown inte the enamel-organ until the latter has bheen
completely invaginaied. The enamel-organ now
covers the apex and sides of the tooth-papilla like a
cap, and it has been cut off from itz former eonnec.
This
mp-shu.pﬁ] cpi'[ln‘."lial mass 18 Lermed the aeceidiry
enamel-orgien, Throngh the illvagiimliun of the opi-

tion with the l,:]jilll'[![i'.ll eovering of the gam,

thelial mass constituting the enamel-organ, it results
that the cap covering the papilla, when geen in seetion
longitudinal te the long axis of the tooth, scems to
be formed by three principal layers. The uppermost
is mmpnsr:d of 4 Sittg]{: FOW ui'1:111:51‘.“!1:[1i1]!q-.]5um: the
lowest |;t:.r|;;r consists of a ﬁillg!u row of Ir_'|]1g L':l,"lillq,]l'i-
cal cellz; the middle layer is formed of more or less
compressed and branched epithelial cells, with a large
amount of intereellular cement between them. 'l']u::.‘
contain small oval or spherical nuclei, and, according
to SOre ﬂuﬂmr_-::_ afford with the intereellalar substanes
an example of mucous-tissuc,
layer any other than an epithelial constitution,

It is the lowest layer of long columnar or pris-
matic c]:il]l.s;li::i t;a;il:ﬁ '|.'.'hi|:.11 Hllim:ttsﬂ:r' |L|:|r|t‘u-1hq.':: the
enaimel u:]f' l]m I-JnLh_ ‘Tlm 1o ||H:L:r ]:le-]'.f ;_rrmh:-
:ll]j' ciminizsh in thi::].:m:ﬁ:‘-'.l andl iEn.:L”F form a thin
epithelial eovering, which is found upon the surfice

Klein denies 1o this

of thu u]]:!:nc] 1|.\.'|1¢[L thu tunﬂl first makes s appear-
ance above the gum (mr.'mhrmw af :'I-'a.n.-ry.fﬁj,

At first the lower layer of enamel.cells is separated
from the papilla by a thin clastic membrane, the re-
maing of the basement-membrane upon which the
epithelium of mueous surfaces is implanted.  Later
this disappears, when the enamel rests direetly upon
thea l]uutine, 1.|.'|1i{;h_, as we shall zee helow, iz formed
by the papilla.
the enamel of the tooth is seereted by the lower layer
ol columnar eells, or whether it is the product of a
direet transformation of the cells themselves.

The dentine of the tooth is formed by the media.
tion of a double row of branched fusiform and colum-
war ¢ells, which eover the pulp or papilla.

The dental eement, or bony inerustation of the den-
ting in the root and neck of the tooth, is developed
from the fibrons tissue of the dental processes or
alveoli. This tissue here Las the structure and fune-
tions of the periosteum of bone,

It is still a mooted qu:'_-xtiun whether

STRUCTURE OF THE TEETH.

The fully-developed tooth consists of a erown, neek,
and one or more roots, which like the long bones
have a central marrow cavity.  In this central eavity
run the nerves and walls of the vessels,

Dentine—Nearly the whole solid portion of the
tooth is formed of o hard, compact, brittle substance
called dentine,
by a coating of snamel, the hardest substance met with
in the human frame,
tine is incrosted ’h_1,' i shell of true bone of \'::r}‘i:ug
This incrustation of bone, technieally

In the crown, the dentine is coversd
It the neck and roots the den

thiclkness,
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| same author thinks that those processes of the latter

termed o mend, is thickest at the dl:{:p end of the
root. It gradually thins off toward the neck, until
at this location it is lost in the enamel.

Dentinal pulp.—The dentingl pulp consists of an in-
tricate reticulum of delicate branched connective-tis-

sue corpuscles, with proportionally large and distinet |

round or oval double contoared nucleus, and a small
amount of cell-body, except that which eonstitutes
the branched processes.  Among thege processes is a
small number of Iymphoid corpuseles aud delicate
connective-tissue fibres. The eapillary bloodvessels
have an investing eellular sheath just as in the fibrous
form of muocous-tissne.  Upon the external sarface
of the pulp iz placed a double layer of branched
columpar and fusiform rl;:l.,'”.-a1 :lh‘{:.‘t(]",.' :dludml ta, The

cells nearest the pulp are more or less fusiform or |

stellate, with proeesses running into the pulp, and a
few short lateral branches alzo, which conncet one
eell of the row with another. The outer ends of the
eclls of this row taper off into a fine long extremity,
“'hlil,:i] I:I:]ﬁ.‘il.'ﬁ IJ’L"'l.'I.’l.'L'I.']l '|.hl: CL'U?T -:}F |.]J|:«.r ontier r[il“':l :"Id
].fll.._!rI]:]I'l'.‘i- I}q"_}'ﬂ]ll] lhl'.'lll ilIHJ [I]i: {Il_:]'l’il]:ll l_:ﬂ.l]:ll}i,

Odontollasts, and :."f:ih'i-i.f.'.fﬁ-fu'nﬂ.—Thu onler
columnar cells (so-called odortolilasts)is in contact with
1.hl] lli;l“il“!. rr':“_',ﬁl;’ tﬂ‘i LH AN Inoreg or li_'!i\’- l_:]lllhﬁjl:'ll"'f[!,_
with the thick end of the elob toward the pulp. The
nueleus, which is usually somewhat oval in shape, is in
thiz portion of the ecll. The outer end of the elub-
sl:amd eell tapers affintoa lim.-, ]mlg. gomew hat lu:ulgh,
and apparently elastic process (dentinal filive of Tomes).
This long process of the adontoblast [rasEes ot ward
through the demntive, and in doing so frequently
The general course of the main fibres is
sty ll;:lzl or slightly wavy, and is perpendicular to the
external surface of the dentine. By means of the
lateral brancliezs anastomosez are ﬁ'l'-’lllunti:f formed

with the processes of neighboring odontoblasts.  Ae.
cording to most recent investigators, the dentinal

fibre iz surrounded by a thin structureless membrane,
the dentinal shealk rg-,f Newmann, The interstitial
substance between these dentinal sheaths, which latter
congtitute the dentinal 1::m:|l:-=r i5 a dense reticnlar
substance made extremely hard and brittle by infil-
tration with the earbonates and phoszphatez of lime.
When a thin plate of dentine iz mounted dry the
dentinal eanals are filled with air, and when examined
by transmitted light appear dark, like the canaliculi
of bone-corpuseles similarly prepared.  According to
Klein, the dentinal fibres which lie in the dentinal
canals are the processes of the inner row of the donble
layer of eells covering the pulp, and have no distinet
connection with the outer row of odentoblasts. The

row of |

which enter the dentine, hecome caleified to form the
interstitial substance beiween the dentinal canals.
Nerve-fibres have heen traced between the odonto-
blasts.

Tnterglobular spaces.— At the outer surface of the
dentine the dentinal canals apen into what are known
as the interglobular spaces (5, Fig. 32).

These spaces are bounded on the side of the
dentine by more or less globular projections of
the ground-substance. They contain branched cor-
pnscles, apparently similar in every respect to

Fig. 32,
it = B e

HOCTIOF THROUGN THE KooT oF A MoLaR TooTm.—a. Deatipe traversed by its
tubull. % Nodular layer. e Cementomn, [Larpenter)

branched bone-cells,  Their branches are continuous
with the dentinal fibres, and with branehes of eclls in
neighboring interglobular spaces. Where the dentine
is covered with cement, these spaces communicate
with n:ijaceut bnlu‘.-mrriul.‘uf]us, 'h_'!.r moéans (.rl" the ﬂ:ui;
canalieuli of the latter. Beneath the enamel the inter.
globular spaces send a few short and irregular blind
tubes among the deep ends of the mmnm]-prmms.

Cemnend (cementum).—The cement, or bony ernst
arotind the root of the tooth, prezents the laminated
ground-substance and the branching corpuscles of
bone, Sharpey’s fibres are present in small num.
bers, TIn the thickest portions, even Haversian sys-
tems with their small eentral eanals are sometimes
met with. H:ccc'lt in these rare instances of Haver-
Si.ﬂﬂ ﬁj‘.q‘ﬂmﬁ ”'H_‘ ]:!I'I'II:!I.].:I.‘: are I!]:!i[tlj' j—l:J'L'I.]]ll IHI.T:I.]I#].
ta the surface of the root. The 'hl:-l:('.-t:ﬂrptlsulcs are
sometimes unusually large; they possess numerons
h'l'ﬂ'l'lt:‘l'l{“{l l:fll]-“lii(.‘-ll]i.__ il:i‘-'i!lg thl‘. ““‘HI‘I:“‘J‘ TE.‘l:I[il IS :l]'H.]
structure of bone-corpnseles elsewhere, and they in-
elose typical bone-cells.

Enamel. —The enamel of the fully formed and
healthy tooth is densely caleified. Scen under a
high power, in a thin seetion vertical to the sur-
face, the enamel appears 1o Le formed of closely-
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packed striw, whose direction in general radiates
from the pulp-eavity as a centre. In certain spots
these radiating strie are erossed by less distinet hines
running mainly parallel to the surface of the enamel
(transverse striw). Besides these fine striations, there
are often two, three, or more narrow, faint, darkish
stripes (porallel stripes of Retziug) of considerable
length; they exhibit a slightly undulating course, and,
az a rule, run parallel to the enamel-surface.

The significance of these stripes iz not fully ander-
stood, They may, perhiaps, represent the division be-
tween siceeasive deposits of enamel.  The places at
which transverse striee are secn erossing the radiating
gtrim, contain cnamel-fibrea ranning in oppozite diree.
tions. A minute deseription of the radiating sirie
will suffice for both.  They consist of long prisins or
eylinders of caleified enamel celle. When seen in
transverse section these enamel-prisms appear more
or less regularly hexagonal in ontline (4, Fig. 33). In
longitndinal section after maceration in hydrochloric
agid, the enamel-prisms present the appearance rep-
resented in B, Fig. 33. At regular intervals the
transparent hyaline-substance of the prism iz scen to
be crossed by extremely minute lines, A further
maceration in the acid results in the breaking up of

Fiz. 33,

PFEABRANELTIC REFRESEEFATION oF Tl BTRTEToas or BExavch.=a. Trams-
verne arellon of cunmel, shawiog the iokagons] form of Ha prisma, @, Bopoas
raked prisms soeh lengilindee. [ Carpintor)

the prism into az many samewhat enbical sections as
there are arcas ocenpied by these minute cross-lines,
These prismz are separated from cach other by a
small amount of cement-substance. When the enamel
begins to form, the enamel-cells lengthen towards the
dentine.  The lengthened portion soon becomes eal-

cilied, the ealewrcons deposit first appearing at the
gides of the prism, or in the intercellular cement, |

After the ealeification of the newly-formed end of the
columnar enamel-cell has measurably progressed, the
dentinal end of the cell again lengthens, and this
new portion of the cell is in its furn ealeified. This
phm:‘sﬁ t‘cj'n:nm ilm;ll', wntil the {lrighml cu]lmumr
enamel-eell iz much lengthened, and the whole is

gradually converied into suceessive sectioms of the
enamel-prism. It iz this successive periodic trams.
formation of the enamel-cell into ealeified ]:ri:ilm-‘s
which giw:s to the latter the ln.:n::llii.u!' JIP]_DI::IJ':IH{'.!:
shown in B, Fig. 33,

MUSCLE.

Museular tissue comprizes two general varictics,
unsteiped or smooth, and striated,  The clements of
this tissuc are derived from the mesoblast, and are
well sapplied with eapillary vessels and nerves,

SMOOTH OR UNSTRIFPED MISCLE.

This variety of musenlar tizsne is composed of
spindle or fusiform cells, whose transverse diameter iz
usually small in proportion 1o the length of the long
axisof the cell. These cells are =oft, and are often more
or less prismatic from mulual pressure,
oecur more or less isolated, but
arensnally collected into bun-
dles,  The cells constituting
| the bundles are closely packed

2 together, the spindleextremity
of one cell fitting between the
. bellics of two or more. These

They may

Figh 34

closely - packed musele - cells
are shightly separated from
| each other by a small amount
of intercellular cement, appa-
rently similar to that which
unites the cellz of epithelial
gurfaces,  In thizs albuminows
intercellular cement are olten
found a small number of fat,
conneetivetissue cellg, more
or less branched, and some-
times a very few seattered, de
licate eonnective Gbres, This
intercellular material eorresponds to the endomysium
of striped muscles,

.’1.!'.|‘rJJ:l_||rr':.-r--n.f awel  clistrilindion r:lf smonth musele
fitves,~The musenlar bundles thus composed are sep-
arated by a variable gquantity of ordinary looze eon-
nective-tizaue—an analogue of the perdmysium sur-
rounding bundles of striped muscles. The bundles
of smooth museles may anastomose with eaeh other
g0 as to form a regalar muzcular network, Such a
musealar network may be spread out with a fenes.
trated layer.

Bunorit on Urstairek M.
pamFipgiscitis pRromARTERIES
[HlEnas |l Froan ibepoplitesd
arbery. A, withoul, B, Witk
seotle peld, 2 From a braneh
of the anterior tEbisl; a, rol-
&l el ik Ll o0 Ehe Blres. Mug-
mified W dinmsiers.  [(fFray )

I"n-upmm ll'!.r the bundles are ]\]:u:u::l side
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B, Fig. 86, gives o vertical view of a transverse disk
after the latter has been differentiated into its ulti-

Fig. 36.

o StzirEn  ELesexTart Fioees, showimg a. eleavage o
Hizh power. = A, Longitadinal cleavage, The longis
todimal and transverse lines are Baih seen, Some loagitidinal 18a4s afs dafkes
and wider than tho rost, and are wol eontinnous from end to end. This resnlts
from partial separation of the dbrille. o Fibrille soparated frem ene ansibior
by violonee at the broken opd of the fibre, and marked by transverse lRues.

FrAnMEXTa
eppesite dircetions.

¢, o, Two appearances commmenly presoated by the soparatsd single Sbeille
mmore highly magsifed. Al e the borders and fransverse linesare all perfeetly
rectilizesr, anid the included spaecs perfecily rectamgular. AR o the banders
are scabloped asd the spaces Erad:liko, When peosl Jistiecl asd definite, the
fikrilla presents the formoeeof those appearances. I Transverse cleavage. The
Jonghodinal lines ars searecly vlsible. a. Incomplete fracture fallowing the op.
pasito sarfaces of a disk, which latter stretchies aoross (e interval, and relains
1k twa [ragmeants o cosnedtlen. Tho edge and surfaces of this disk are seen 1o
be minutely grapular, the grasales correspanding o skee 1o the ihbtkness of the
disk, and to the distance between the falni longitudioal lines. B Another
disk mearly detached, B Detnebied disk (more highly magnifled), showing
Ak sapeous clomesis.  (Gray.

mate sareous elements, by the action of some reagent
which has sgoftened or dissolved the interstitial sub-
stance between them.

Fields of Colnheim.—If a perfectly fresh and living
musele is frozen, and eat into thin transverse sections,
and immediately examined under a high magnifying
power, the following appearances are noted : At first
the surface of the seetion is uniformly gray. Very
soon the field beging to be mottled. The surface iz
now everywhere marked by fine brilliant lines which
CTOSS fncii other in such a manner az to form an
irregular bright network inelosing darkish-gray areas.
The :l:er-{__(r:ll'_t’ areas are the ends of the ultimate
sareong elements or the dark rods seen as abuove
stated when the ]::nugil:u-iiu:ﬂ fibrillation becomes
apparent. The light lines correspond to seetions
of the bright substance between the dark rods.
The width of the bright lines mottling the gray
field gradually inc¢reases a little during the ohbser-
ration, while at the same time the dark areas limited
h:.-’ the meshes eurreslmmlingb' lessen in extent.  The
dark areas are the so-called fields of Colinkeim. The
central object in Fig. 837 very well represents the ap-
pearance above dezeribed, although it was intended
merely to show the manner of termination of a nerve.
The .lzlrk arcas or fields of Cohnheim are dotted with

extremely fine points, These are the ends of fine
fibrils which can be ohserved in the sarcons elements
when the latter are seen ]n!:gilhﬂinﬂ“}f under favor-
able conditions. Various reagents which effect the

TRAXSTEREE SECTION OF ok of TEE MuscLes oF THr Tiuran oF THE LATEXTA
AGILEA [4 EamMos ErRoFEss Lizanb), made whilst frofen, asd mapmificd 400
diamptorsa —N, Nerve of & masele-Abee which is sarrosnded by portions of six
oibors, @ Nuclens of the pervegheath. b Naolens of the sarcolomms. & Seg-
thon of nucleus of frminal plato of neeve. . Transvessn section of terminal plats,
safronnded by prasolar material. o Transverse secilon of museleseclel ¥
Fine fat-dreps. The angular dark particles are sections of groups of safeois
clements.  [Carpemior.)

death of the eonztituents of the muszcle-fibre cause
the sarcong elementz to shrink from each other and
leave ||-r4.:||r|:r1ir‘rnzlln:]_!|‘ large spaces between them,
which are filled with an interstitial cement-substance
—the light network seen in transverse sections, and
the Ii;__-:hl lines observed between the rud-*shuped T
cous elements when the fibre 13 viewed ]cngrhwix{:.

Soreolemma, tnfermediate disks, ofe.—The muscle-
fibre iz more or less closely £'1L'.Tlr]u|1¢ﬂ in a 1|]in,
tough, elastie, apparently hyaline sheath—the sareo.
femaner, This elastic tube 15 partitioned across at short,
regular intervals by thin plates which are offshoots
from the inner wall of the sarcolemma. Such plates
conzist of substance somewhat zimilar to that of the
garcolemma, but are not =0 tough and resistant. They
ernsz the tube l.]lt‘-ul.lgh the middle of the ]igllt Or
interatitial disk, and are known as the membranes or
intermediate disks of Krause (z, Tig. 38).

The intermediate disks of Krause, therefore, divide
the tube formed by the sarcolemma inte cylindrical
sections, placed end to end. Each of these eylindrical
sections contains a dark contractile disk, with & half
of an interstitial disk above and below, separating
it from the intermediate dizks of Kranze. In each
Lalf of the light interstitial dizk is frequently
found a thin transverse layer of somewhat dark sub-
stance which separates into granules when the dark
contractile disk shows a division into sareous cle-
ments,  This thin layer of dark substance has been
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called the secondary or colleteral disk (n, l"'ig. 28 It |

requires strong and well-defining lenses for the demon-
stration of these details of the structure of muscle-

Flg. 38,

5 am

STRCCIURE oF STEistes Mracriux Finee, irree ExcErnaxy, room Toue-
FROEUA MELANTEUS (& cowmesd Evmorgas Besfiel  CETAREGUE MUEOLE
resH TR AnooMex,—m. Median disk, w Srcodary disk. 2 Intermediste
disk. Magnided V0 diameters. The sarcolemins is seem on the left side,

fibres. Enzelmann and Hensenn have each recorded
the presence, in the middle of the transverse or eon-
tractile disk, of a transverze, lighter band which they
lave called the medinn disk {diagrammatically shown
at m, Fig. 38). The above-deseribed darle clements
of the striped muscle have been found to be doubly
refracting ; they counsequently polarize light, while
the light subsiance which separates them has not o
similar eflect upon the laminous rays. .
The shortening and transverse thickening of the
dark rods or sarcous elements of the contractile disk,
which takes place during contraction of the filire,
cauzes the interstitial substance lo apparently increase
in amount, Since the thiclkened ruds are then more
closely pressed tegether, the fluid portion of the in-
terstitial substance must necessarily be squeczed out
above and below, and inerease the volume of the half
of the |'lg|!1l, or interstitial dizk abowe and below the
contractile disk. Frequcm.]g.r a part of this ex |_‘|T|’,’5..-'-cl,l
interstitinl substanes finds its way between the sarco.
lemma and the edge of the contractile disk, and zepa.
rates tho two, thus prodocing a convexity or lnlging
of the sarcolemuna at these points.  This condition is
shown somewhat diagrammatically on the left in Fig.
35. Bometimes the attachment of the intermediate
disk of Kranse tothe sarcolemma breaks, either from a

destructive proeessat work in the fibre itzelf, or from |

the action of reagents which sollen the intermediate

disk and cause the substance of the lizht interstitial |

disk to swell greatly. The sarcoiemma may then be
separated from the surface of the musele-libre for a
considerable part or the whole of iz ]l‘.TIF[__’[IJ.. Olieeg-
sionally the muscle-libre may suller a transverse frac-
ture within the sarcolemma. A retraction of each
ﬁ‘::.gmr:nt. then takes Eﬂ:u:t*, resilt i.l'lg in theie AR T
tion. Buch a condition is shown in a, fig, 1, Plate VI,

The ensheathing sarcolemma remaining unbroken be-
eomes wrinkled, and perhaps twisted, as is seen at «,
1, in the figure last mentioned. These fractures in.
variably pass through the light or interstitial disk.
The interstitin] substance between the sarcous ele.
ments often coutaing, especially in the lower animals,
minate molecules, sometimes of pigment, sometimes
of fat—the fntorstitial yranuls of Killiker.
Muscle-carpuseles.—Besides the constituentz above

| enumerated, striped muscle-fibres contain, at more or

less seattered intervals, cellular elements which ap-
pear io be elosely avalogous to conmective-tissne cor-
puscles, In wearly all the muscles of most of the
higher animals, these elementz rezst upon the surface
of the muscle-fibre, and form a part of it. They are
not conpected with the sarcolemma.  In some of the
Awphibia, these cells are scattered through the sub.
stanee of the fibre (sce o Fig. 87). In birds they
are found in both locations. In the musele of the
heart of man they exist near the cenire of the
fibre. When in the depth of the fibre, they are im.-
bedded in the interstitial substance, and they eonsist
of a flattensd owval nuclens, containing one oF more
nuclecli, the long axis running parallel with the
length of the fibre. In the adult, fully.matured,
normal musele-fibre, the nucleus iz surrounded by a
very small amount of protoplasm, which is more ex-
tensive at the ends of the oval :tuq:'li:.m-i, where it is
frequently lengthened out into a tapering extremity,
The broad surface of the cell then presents a somes
what fusiform outline. When scen in profile the out-
line appears more linear. The protoplasm usually
containg a eertain number of dark, or, sometimes,
shining granules, mostly aggregated at the poles of
the cell,

These cells are known as mwselecorpuseles,  Their
office Las been varivusly interpreted.  Some have
thought them to be the termingl organs of 1he nerves,
which supply the fibre.  Others have regarded them
as simple connective-tissue corpuscles. The weight
of opinion, however, seems to support the view hat
they are the builders of ilie muscle-fibres. The rela-
tion which they bear to the growth of musele will
be considered when we speak of its development.

Crrdice muselefifees.—In the beart of man the
muscle-libres posscss eertain peeuliarities. Im the
firat place they scem to be destitute of an invesiing
sarcolemma.  In the second place they are very
short, and are branched in the manner shown in Fig.

29, IEach fibre possesses one or more nuelel, which
are 1mbedded o the liupll] of the fibre, The end of
a branch of one fibre abuis against the end of that
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of another. In this way an anastomosis of the
brapched muscle-fibres 15 formed.  When heart-

A iaromeiisa Mreoie
O the right the limdos
somewhat diagrammatically, (&rmy.)

musele 15 cut transverse to the direction of the
muscle-fibres, instead of the eross-section of the fbre
pm.-;i_mtlng a cirgular outline, az in ordinary H-I!I'ZiIH‘_‘l.i.
muzele, it 15 often E:]ung:m.:d. This is the case when
the cut has lm.-ssetl l|truugh the qui}' of the fibre near

the |m'|n'p where it branches, Becanse of the extreme
shortness of the branched muscle-fibres almost every
one of them in the cross-zection iz scen to contain
near its centre a muscle.corpuscle.

Termination of muscle filyes.— As has already
been mentioned, each individual muoscle-fibre termi-
nates in a tapering conical extremity.  Whether
these extremities end in tendon, or in the depth or
body of the muscle, in the endomysium between the
mnzele-fibrez of the irrim:nr_',' bunidles, they are at-
tached to connective-tissue tibres (1, 2, fig. 1, Plate
VI). It seems to be still unsettled exactly how
this connection 12 established.

Unless the tissue is especially prepared for exami-
nation, the longitudinal fibrillee appear to be directly
continnous at their extremity with the connective.
fibres, and the one seems to pass inzensibly into the
other. Perbaps such a simple connection may really
exist in many instances; but it s probable that, in
most cases, where musclé is inserted into tendon, there
is a different mode of communication. The sarco-
lemima probably continnes withoutinterruption around
the conical end of the musele-fibre, and at this |:H:I'i.T1l-
is attached by its external surface to the bundles of
fibrous tissue which form the tendon.  Whether the

EXPLANATION OF PLATE VI.

Fig. 1.
varied treatment.  Moderate power,  (Frev.)

1. A muscle-fibre (m) ruptured ot s, :illuwil:l.'.j' thie shieath
or sarcolemma purtly cmpticd and wisted,

2, The end of a musele.fibre from the bieeps of Man, w ¢
a fibrouz bundle, £, of the interstitial conneelivestissue is
attnzled 1o its pointed extremity.

3. A Human muscle-fibre afler ||mlr.mgml treatment with
hydrochloric acid. It can now be readily splic up into
trnnaverae disks,  n, nuelens of musele-corpuseles,

4. A muscle-fibre from the leg of a Frog after protracted
treatment with dilute hydrochloric acid.  From the et end,
£ overy finee fibres, upon which minute !.IJ"]EIIIII!'SL are distrils.
uted, are seen projecting,

Fig. 2. Transverse section of Human biceps,  Hizh power,
( After Frey.)
. Musclesfilires, cut across 3 o, o =ection of o bloedvessel ;
¢, o fat vesiele in the interstitial eonnective-tizsue.

Fig. 8. Fragment of sartorios muscle of o Frog. High
power, [ After Ranvier.)

at, Nuclel of muscle-corpuscles, seen partly in fee.

Tl AppeArances of strinted muzele-libres after | Fig. 4. Muselesbundle of the dorsal fin of the ffi;.r,mtﬂmpru

{n fish commonly known as the sen-horse), showing
method of attachment of the fibrous bundle of the
tendon.  High power.  {After Banvier.)

mi, Muzele-fibres o ot f they are attached to the tendon.
fibres through the intermediation of a deuble.contonred
membrane, which is continuous with the clastie sheath (#)
of the Dumdle,

Fiz. 5. Highly-magnified eapillary bloodvessel, after injee-
tion with a wenk solution of nitrate of silver, and sub-
sequent staining with pierocarminate of ammonin. The
dark lines mark out the boundaries of the endolelial
eellz forming the wall of the vessel; the nuclei are alzo
distinetly seen,  { Ranvier.)

Fiz. 6. Shows a eapillary bloodvessel, surronnded by and
attached to ihe fibres of the reticular tissue.  (Ran-
Vier. )

e The capillary 3,75 the reticalar filwes; w, noelei of flat
endothelinl cells wpon the reticolar fiboes,

<1
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fibres of the tendom are inserted inlo the sarcolemma
at this point, or are simply glued upon its exierior
surface by the intervention of a tough, sticky mate-
rial, has not yet been determined.  Fig, 4, Plate VI,
represents such a mode of insertion of a muscle-fibre
into tendon, The preparation from which the draw-
ing was made is from the large dorsal fin of the ffip-
pocampus, or sea-horse.  Bul the artist has failed to
show distinctly the most important feature of the
'E!relmmt'mu, .;'u,.-, where the muscle fibre ends in the
tendon, the line between the two should have a dowble
contour, and be eontinuous with the donble-gontoured
line representing the zarcolemma ensheathing ile
musele-fibre.

DEVELOMMEXNT OF MIUTECLE.

Muszeular tissue is developed from the cells of 1l
misdillo or connective-tissue layver of the blastoderm,
The fibres of _liti'ilrﬂ'xl mnscles originate in the follow-
ing manner: A fusiform eell in the conuncetive- or
gq:la.l':m;us tizsue of the q::l'lrrj‘rm guffers a division of
its nuclens. The two new nuclei divide again, and
this process continues until the original wni-nueleated
spindle.cell has become more or less completely filled
with a number of nuclei arranged in a linear series
from one end of the cell to the other. Pn:u,:qtc!ﬂing
equally with this increase of nuclei, the cell thickens
gomewhat, and greatly elongates,  Ilere and there
the cell-body soon beging to show eross.markings—
the earliest appearanee of the transverse disks, This
transformation of the cellular protoplasm into the con.
tractile clements of the full-grown muscle continues
to spread throughont the fusiform cell-body, uwil
nearly the whole of the laiter beeomes transversely
striated. The protoplasm immediately surronmling
the nocleus i3 the last to experience this metainor.
pliosts,

Even in the full-grown and adult fibre a small por-
tion of the original protoplasm remains around ihe
nuclens, and constitutes, with the laiter, the muzcle-
corpuscle above deseribed. It is pot yer known
whether the sarcolemma is the product of an excre.
tion by the protoplasm of the musele-cell, or whether it
15 @ formation from the surrounding conneetive-tissue,

Reproduction of smusele fibres,—In various muselesof | up. Their edges then become separated at points,

the human organism are many striped fibres contain-
inz a very large number of mnscle.corpuseles, sur-
rounded by a proportionately large quantity of proto-
plasm, and presenting other evidences of growth. Tt
is probable that in health there iz a continual desirne.
tion and reproduction of muscle-fibres. Tt is certainly
so-in many discases,

BLOODVESSELS.

The blood of man flows throughout the body in a
gvstem of channels, which, according to their size,
construction, and the charaeter of the blood pazsing
through them, are denciminated arteries, veins, eapil-
laries, sinuses,

el of these species of bloodveszels Lius a char-
acteristic stracture which generally differentiates it
from all the others. But while there is a general
pan of construction commen 1o the members of cach
species, there are slight differences which constitute
varieties, Some of these variations will be ineident
ally noted.

E'Hprllrflr'i"r':'d'.—Thc Si.]rlEJ]l:.‘!iL form of Llomlvezsel
met with in man i3 the H-.m:l-u_-.pi]E;;r.}r-_u“ X
tremely minute tube, The wmost primitive form of
the capillary is that of a simple cylindrical ehannel
hiollowed oul in the connective-tissue, with no other
definite wall than that of 2 delicate, elast i, limiting
membrane, congizting of 2 single complete laver of
ﬂ-.tt, 1l:i|1_. elastie, endothelial |r‘..1.lm|_. such as have
already boen desoribed as covering scrons surfaces.
FEacl of these endotbelial plates containg one, some-
times two, lattencd ovoid waclel. Under favorable
conditions intra-nuclear and intra-cellalar networks
can be demonstrated in these celle.  Staining by
nitrate of silver and exposure to light blackens the
intereellular cement between their elges, which are
normally in apposition with edges of the adjacent
endothelia, and if the preparation iz subscquently
statned with carmine the noelel show a brilliant red.
The eapillary, of which fig. 5, Plate VI, is a very
faithfnl drawing, has been treated in this manner.
The outlines of the cells are shown deep black upon
the top of the 1:.'|.|-if[:u‘:|.' u:..']intiqr, and h_l,.' dotted lines
on the bottom portion,  The eells are seen to be more
or less lozenge shaped, with the long axis of the eell
rupning with the length of the eapillary, The edoes
of eells are oleerved to be sinnous, The ginuosity
of the edges of the cells is much lessened when the
capillaries are distended. Under the influence of
irritation  or  inflammation the endothelia  swell

thus forming openings in the ecapillary wall. The
smallest of these are called stigware, the largest sto-

mreedie.  Probably it is throagh these openiugs that the
. = —

| elements of the blood ENT e (||Iring_' inflammation.

According 1o some anthors, they are in Jdirect eom.
munication with the lymph-spaces of the surrounding

| connective-tisane,
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| one side of the arteriole, while the opposite side

A little more complex form of the blood-eapillary
consists of an addition to the veszel of an incomplete
sheath of fusiform or stellate connective-tizaue cells,
whose branches form a network, These eells float in
a thin lymph-space, which in part surronnds the ves.
sel, and the two together constitute a delicate outer
ar adventitions coal (funice advenditia). In some loca-
tions the capillaries are completely invested by a eylin

drical lymph-channel, in which case the walls of the |

channel are lined with endothelinm, and the exterior
surfaces of the capillaries are also covered by similar
cells,  Thas is 1,1:111;1]]3{ the character of the capillaries
of the brain and spinal cord.

When eapillaries run through reticnlar tissue their |

wallz are connected with the branches of the reticu-
lum (fig. 6, Plate VL).

The capillaries vary greatly in size in dilferent
locations. In the eercbro.spinal nervous system and
in the lungs they are smallest, in the marrow of bone
they are largest.

Moreover, in some locations, they are quite irregu.
lar in calibre. In the inner layer of the dura mater,
and in the interstitial connective-tissue of many mus-
cles, they sometimes present varicosities or even
diverticula of odd forms.

Many authors have claimed for the capillaries a
moderate contractile power, through the agency of
which their calibre may be more or less modified.

Apteries—The simplest structure of the artery is
rﬂunl‘ il't II]E SII]:!."L‘HI. \'ﬂ:i:il.‘l}i- IIF 1.]:Ii.h' E-I:lﬁ.“'?. Sl!ﬂh Vs
sels are known as arterioles.  The capillaries pass so
gradually into the arterioles that it is often diffieult to
say exactly where the one beging and the other ends,
The wall of each arteriole has a much greater thick.
nesEs thﬂn l]'l.:l.t. 'Elf thl..‘ l.,'.l_l.lli“.:Lr}" .EI.I “']I.il..,:l.l 'lL !..‘I:Id.:i' EH.I.LI
is more complex in its structnre.  Next to the blood.
stream lies the same endothelial layer as is found in
the capillarica. It has also an adventitious coat ex-
ternally, which is a further development of the deli-
cate tunica adventitia surrounding many capillaries.
Between these two inner and onter eoats of the arte-
riole is a third or middle muscular coat. The dis-
tinetive feature of the arteriole is the existence of
thiz muzeular tizsue in the middle coat of the vessel,
The musecle-fibres are short, smooth, and spindle.form,
and run around the inner coat in a transverse direc.
tion.

In that part of the arteriole nearest the capillary,
these transversely arranged smooth muscle-fibres do
not form a continuous layer. The cells are usually
a little too short to completely encircle the vessel,
At intervals, two or three are grouped together on

remains uncovered. By means of an alternation of
these groups of cells around opposite sides of the
vessel, the arteriole is practically supplied with the
means of narrowing and widening itz lamen. A
little nearer the heart the layer of muscle-fibres

Fig‘. i,

Cerrpnal AnTeRmoies (Hedax).—1. Smallest artery,
& Coarser capbllarics, 4 Finer capbllaeies, o Stracturcless membrane siill
wiil some nuelel, representative of the adventitious coal. & Nuwclel of ke
musclefibre-cells, ¢, Suclel within 1the small sreery, p-:rhl.pu R periainkng
1o the emdeibelium, o, Nuelel in ihe tramsiten vessels, Mighly magmitied.
{Gray.)

= Tramsithen vessel.

forms a continuous uninterrupted membrane. The
wall of the smallest artery may then be regarded as
comnposed of three coats or tunics—the exfernal comt
o tunica :ui\fl.:niit'm, the mriddle (mn-s-:‘.u!f-:r} ol Or
tunica mmlia, and the funer coot or tunies intima,
The tunica advemtitia of the larger artericles still
represents the tunica adventitia or ljmifh-.ﬁsl:lc:lth of
the capillaries above described. There is a network of
branched corpuascles which lie in lymph-spaces formed
by a loose reticulum and felt.-work of white fibrous
tiszne. Between the tunica adventitia and the tunica
media in the larger vessels of this class there are fre-
quently found a few fine elastie fibres collected into
a network. Between the tonica media and the tuniea
intima in these vessels iz also a 2mall namber of elas.
tic fibres, the elastic layer of the tunica intima. Be-
tween such a delicate elastic layer and the endothelia
lining the tuniea intima exist, even in arteries of this

| #ize, a small number of branched connective-tissue

eells eonnected tng::ﬂu:r inte a membranous network.
In arteries of a larger calilre, the varions clements



BLOODVESSELS. 71

entering into the construction of the different arterial
tunics are more fully developed, while a few other
characteristics are added. The tunica adwventitia has
gained in thickness by a more complete development
of a conneetive felt-work, whose fibres now have a
prevalent longitudinal course. Seattered among these
bundles of white fibrous tissue appear a few fine elastie
fibres. In the loose meshes formed by the inter-
crossing of the fibrous bundles are more or less
numerous connectivedissue corpuscles and lympheoid
cells, These loose meshes thus formed are lymph-
spaces, which very frecly intercommunicate.

The elastic fibres become more abundant and larger
as the tunica media is approached. At the line of
union between the outer and middle eoats, the elastic
fibres form a dense network, and spread out more or
less into a fenestrated membrane which constitutes
the line of division between these two tunics. This
dense collestion of elastic fibres has been termed 1he
external elastic membrane,

The tunica media is now constituted by a much
more numerous eolleetion of smooth muscle-fibres;
but, instead of forming as before a continuous mus-
cular membrane composed of a single layer of cells,
the latter are arranged in several more or less con.
tinuous ].a.:,rurﬁ. the eells of cach lajl;.-r, ]'mwctl'tr, atill
running transversely around the axis of the vessel
The szeveral muscular layerzs of which the tunica
media is now composed are scparated from each
other h:.l' i}]:llu!t of elastic tissue in the form of fenes-
trated membranes, These elastic plates run mainly
longitudinally and at the same time parallel to the
eurved surfaee of the vessel. They ars connected
with those internal and external 1o them by means
of networks of fine elastic filbres (fig, 3, Plate 1I1.)
which ran among the cells of the muscle.layers, Be-
tween the muscular membranes which the last-namoed
eclls constitute, i3 also to be found now for the frst
time a very small amount of fbrous connective-tissue
with elements which uznally accompany it

At thf{ external boundary of the tunica intima, and
forming a sharp, distinet line of division between it
and the media tanica, is another dense aceumulation
ol elastic tigsue—ealled the dwternal elestic membrane,
It consists, in small arteries, of two or more fenestraded
elastic layers so closely packed against each other as
to prezent in section an appearance of a 5i|:|11;|-le sirine-
turcleza elastic membrane. Internal to this elastic
I:‘Irfl:l‘ of the tunien intima is a s]ight acenmulaiion of
delicate white fibrous tizaune, The direction of these
fibres is mainly longitudinal, They intereross, how.
over, at acute angles, and form between them lymph.

spaces elongated with the axis of the vessel. These
spaces contain fusiform and branched conpective-tissue
corpuscles, as well as an occasional lymphoid cell.
This econpective layer is covered internally by the
endothelia lining the lumen of the vessel. The out-
ling of these cell |rt:1‘r|~!‘-'. is that of a EI]L:I.T'P-|Hli11!.I."I|
lozenge, and their edges are somewhat sinuous, When
the artery is ent transversely, the internal elastie
layer of the tunica intima is shown beautifully fes-
tooned—an appearance which gives the inner surface
of the arterial wall an extremely wavy outline.  Seen
in face, the inner surface of the artery appears cov.
ered with longitudinal folds or ridges,

In the large arterial trunks, the tunica media and
intima become much thicker. In the tunica media,
the number of muscular layers 15 much inereased, as
well as are the thickness and size of the elastic plates
beiween them. The elastie fibres which form a net-
work among the muscle-cells are also much stouter
than before. Instead of nearly all the muscle fibres
running iransversely, as in the smaller veszels, there
are to be found in somne arteries longitudinal and ob-
ligue bundles, especially in the inner portion of the
!I|E|i¢;| i11-_'-|!1'.1_ 'rhrﬁ,' are ul,:x::!si-:}!n:dtl}' et with ih tlle
tipiicn ::Jvtlililiﬂ., bt 1'u!|'L:i:.l' RIS iuhgh udinal fibrous
layer of the tumica intima,

The elastic layer of the funica intima 15 much
thicker, and iz alzo laminated. Between the laming
= to be ﬁu:{L{l a gmall amount of eonvective-tissue,
The ]gll'!.rer of Iongf!wlilm] filbrous birndles beneath the
l_':]]l'!ﬂr]u'!i:'l] ii“i“':' ﬂf 1.h1.! ]u!!il_'!l Ur IIIIL' 'l.'l.f'!&'{-l.'ll i!t now
quite distinet,

Asarule, the larger the artery the thicker becomes
the musenlar tanie and the more numerons the muscle-
fibres. In the aorta, however, we have a partial
e:qﬂ:.rpt.inn to thiz rule fﬁg. 1, Plate "I.'“.}. OFf this
great vessel the following characteristics may be
enumerated, The tuniea advemtitia is here compara.
tively thin. The tuniea media is thick, but the layers
of muscular tizsue are thin, and the musele-fibres
which econstitute them are seattering. In the inmer
portion of the tunica media the elastic piates which
separate the musenlar layers are also thickened and
laminated. The fibres of the elastic network which
unite the plates and which anastomose among the
musele-fibres are thick, tough, elastic eylinders, whose
main direction iz longitudinal to the axis of the vessel,
In the onter Ip,ortim] of the tupnica media the elastie
plates are less laminated and are not so thick as in
smaller arteries; neither are the elastic fibres so large,
An :L]'-]:rc':_:i:uhh: amount of connective-tisane ig =oat.

tered Lhi'-.mgh the middle eoat.  The tuniea intima i3
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thicker, but does not otherwize differ from that of
other large arteries,

The muscle-fibres of the arteries are in the main
simple, smooth, fusiform rod-shaped
nuclei. In the larger trunks the ends may be more
or less bifureated or even branched, In the aorta,
flattened, stellate muscle-eells are often met with.

l:l,."]lﬁ 'l'l.'illll

The walls of the arteries are nr]:ltin:|ll.' thick, and,
owing to the large amount of elastic tissne compos-
ing them, the lumen is usually patnlous, The thick-
nez2 of the arterial wall varies 1'.-:|:|Jsi:h:r.'|||-'|l\.'. according
to whether the vessel is distended or not.
vessels the outer aml middle coats are supplied with
blosdveszels—the vase vasorum. In a few instances,
eapillary veszelz even enter the tuniea intima.

Verns—The wveins difter considerably from the
arteries,  In the first place, the lumen of the vein
iz usually considerably larger than in the artery of
the same grade, yet the wall of the vein is much the
thinner. There are differcnces also in the minute
structure. The smallest vessels which collect the blood
from the capillaries are koown as venules, Their
walls are Qxll"{‘.llil.‘]:{ thin, yet 1"'".'-" can be readily
differentiated, as with the arteries, into three coats—
the external or tunica aedventitia, the middle or frnieo
meddiee, and the internal or fumice feddme. The inniena
adventitia consziztz of a simple network of fsiform or
stellate eclls floating in a narrow lymph-channel. The
tunica media is composed of simple conpective-tizssue

In the large

EXPLANATION

Fig. 1. Longitudinal section of thoracie aorta of AMan,
{ After Ranvier.)

Tl centinl ||;j|'l of the middle sont iz mot drawn,

High power.

1. Imternal |;|._1."L='r of the internal cont, oF tumica intima.

& External layer of the internal coat.

. Elwstie lomina dividing the internal and middle tunics
of the artery.

4, 5. Bmooth muscular fibees of the middle cont, cot
tramzversely : among them are elastic fibres and elastic plates.

6. External coat.

Fig. 2. Shoewing development of capillary bloodvessels i
thi: normal ementum of & Ralibit.  High power,  { After
Klein.)

a, Capillary bloodvezsela s &, eonnection of the capillaries
with branched eells of the extravascular tisane. 1t is by
metamorphosia of these branched cells that new vessels are
formed.

marcf_-l_v differentiated. Tt contains as yet no mnsele.
clements.  The tunica intima is very l]ﬁulI and 18
separated into thin layers which closely correspond
to those of the tunica intima of arterioles, The
onter layer consists of a delicate fibrous membrane
with the fibres running longitudinally. The middle
l:l_w_'r 15 rupr-:.wult:d 'I:r.'!.' a few stellate cells with their
branches anastomosing, Iﬁtﬁting upon these stel.
late cells iz the inner |:I._',-'{:r |;:mn|mﬁm| of thin endo-
thelial cell-plates similar to those of the arteries in
all except outlime. They are much broader and
ashorter than are the zame cells of the arteries, and
have rather more sinuous cutlines. Stigmele and
stornete are formed hereas in the capillaries, and thers
may be consequently ont-wandering of the blood-cells,

In veins of a little larger calibre, the tunica adven-
titia increases in thickness and strength by an acces.
sion of fibrous bundles, which bave a prevalent
longitudinal direction, but which branch and inter-
lace in such manner as to form o lovse meshwork in
which lie branched eonneetive-tissne corpuscles, amd
a few lymphoid elements, At the junction of the
tunica adventitian with the tunica media the connee-
tive-tissue bundles are aggregaied =0 a8 o form 3
Mare or ]1.!2-'5 f“ﬁ‘ ij'l{![- ’ihl'“us |III."ILI.I:IJ':['IH;,!‘:I mli’]’l\:.‘irﬂ'!lldil!g
in position to the external elastic membrane of the
arteries.  In most veins of this size the tunica media
eontaing, 1n addition to the elements of loose connecs
tive-tizsue, a few scatiered, smooth muscle-fibres ars

OF PLATE VIL

Fiz, & Showsz an artificial injeetion of the blood aml Iymphi-
 vessels of the paricial peritoneum.  Mediom enlarge-
mint.

I, Network of Iymph-trunks ; e, venoles and arterioles ;

ey capillary Blosdvessels,

Fig. 4. 4. Shows, under s moderate power, an injection
of the capillary network in the walls of the alvesli of an
inflared lung,
artery.

£, An injection of the pulmonary blood-capillaries (&) in
the lung of & human fotns—the air-vesicles (o) never iaving
bremy i, y

The vesscls were filled from the pulmonary

Fiz. 5. Shows o zilver imjection of the Lloodvessels of the
lung of n Frog. High power.
v, Larger vessel; ef, small arteriole which distributes its
Blood to eapillaries () in the walls of the air-vesicles; a,
inter-capillary areas.
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ranged transversely. The tunica intima is extremely
thin, and presents the same structure as in the
venules.

In the larger wemous irunks the structure of the
vessel is essentially the same as that of the vessels
last deseribed. The tunica adventitia iz strengthened
by the presence of a greater quantity of connestive.
tissue fibres. The tunica media in most cases contains
a number of muscle-layers with the celis, for the mest
part running transversely ; elastic tizsue is, however,
entirely absent. The layers of muscle-cells are sepa-
rated by lamelle of fibrous tizsue whose individual
bundles pursue a general longitudinal course. The
anter layer of the tunica intima consizts of a dense
fibrouz membrane, sometimes laminated. The suls
endothelial layer contains longitudinal fibrous bun-
dles, in the interspaces of which are stellate and
lymphoid cells. The endothelial lining is not dif.
ferent from that of the smaller veins,

In many veins, the tunica media possesses no mus.
cle-fibres.  The veins of bone, of muscle, of the reting,
of the membranes of the brain and spinal cord, ihe

cardiae ends of venous trunks emptying into the

superior vena cava have no muscles, Bome veins
possess only a longitudinal musenlar coat, as the veins
of the pregnant uterus, Others possess an outer lon.
gitlll’lin:tl and inner cirealar 13}'ur of muscle-fitires,

In some veins, the distribution of the muscle-fibres
iz not limited to the middle cont. They are not infie-
quently found in the tunica adventitia, and are ogca-
sionally present even in the tunica intima,

The foregoing division of the walls of veing into
three distinet coats as in the arterics iz not accepted
by all investigators. Ranvier thinks that the walls
of theze vesscls should be regarded as consisting of
only two tunies, an inner and an outer. Aceording
to him, it is in the inpermost portion of the latier
that muscle-fibres are usually located, but they may
at times be found throughout the greater part of i
thickness.

Kearly all the veins are furnished with velves for
the purpose of preventing a backward flow of the
blood. At the location of the valves, there iz a slight
ampullar enlargement of the calibre of the vein, a
provision which prevents a serious encroachment upon
the diameter of the blood-channel when the valves
are apen and their leaflets fattened against the wallzs of
the vessel. The following peculiarities in the structure
of the valves may be adverted to here: Each surface
is covered with a single layer of endothelial plates,
Upon the inner surface the endotheliz are entirely
similar to those lining the vein, ¢, &, more or less

1

lozenge-shaped, with the long axis parallel to the
axis of the vein. Upon the outer zurface, however,
the long axis of the endothelial plates is, in the main,
trapsverse to the axizs of the bloodvessel, Immes
diately beneath the endothelium iz a subendothelial
layer of conmective-tizsue fibres interspersed with a
few elastic fibrez. This layer is thicker and much
more abundant in elastic fibres upon the inner than
U the outer surface of the valve. Between and
upon these fibres connective-tissue cells, both fixed
and wandering, are present in variable number. The
subendothelial layers of the two surfaces of the valve
are separated from each other by a thin, tough, fibrous
membrane composed of interlacing white fibrous
bundles whose general direction is parallel to the
edge of the valve, Some elastic fibres are also seat-
tered among the white fibrous bundles, and acconding
to the statements of some authors a few musele-fibres
may be found near the base of the valve. When
muscle-fibres are present, the direction of their long
axis is usually transverse to the axis of the vessel,
The endothelium and the subendothelial layer, lining
the ampuallar enlargement of the vein at the location
of the valves, are similar to those which cover the
outer zurface of leaflets of the valve,

Sennses —Custom among anatomists has fixed WO
the term zinus a double and somewhat indefiniie slg-
nificance. Many vessels of the human economy which
have received thizs name possczz no circumstance
which -Ji.-:.ting_uishes them from '.'-.'ilu-i, other 1,||:m ﬁ]e
a-'i]'ll'l]lli,: fact that tih.'_"l.' constitute varioug channels in
fibrous membranes, e, 4., 20me of the cerebral sinuses,
Most, if not indeed all, of the sinuses of the Llood.
vazeular system may be justly regarded as varieties
of veing, for their blood is that of the venous system,
and so also in many respects is their histology.

The cavernons sinus, and the cavernous tissue of
the corpus eavernosum of the penis, present two dis-
tinet types of genuine sinuses,

In the former we have a vein whosze calibre is
broken up into reticnl®e of variouz sizes and shapes
by fibrous trabeenle springing from the walls of the
sinug, anfl extending acrosz the lumen of the vessel,
Mhe fbrous bundlez are continuons with the middle
tunic of the vessel, and coniain such elements as are
present in ihat eoat, The trabeculw are covered by
endothelial-cellz and a2 subendothelial tissue stmilar
io those of the walls of 1the sinus. 'T|Lu;::,' sorneiimes
incloze small blood vessela.

The corpus cavernosim aof the peniz presents a
somewhat different constraction. As its name im-
plies, it is a cavernous tissue. It consists essentially
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of a reticulum of interlacing bands, or trabeculs of
smooth muscle-fibres, associated with a  wvariable
amonnt of elastie fibres and bundles of white fibrous
The Epaces formed by the interlacement of
these trabeeulie are of variable size and outline, and
they freely intercommunieate. The surfaces of the
trabecule are covered with a layer of endothelial
cells and a subendothelial tissue very similar to those
ol |:1r;_:1: VEins, The trabeeule contain arterioles
which distribute their bleod to a plexus of capillary
vessels which also are contained within the trabecule,
Most of these capillaries empty into the ecavernm
formed by the interlacing trabeculm, The blood of
these sinuses or cavernm is eolleeted by venous tranks,
and the communicating caverne may consequently be
regarded as a complicated venouns sinnz.

tissue.

Development of bloodvessels—The earliest form of
the complete bloodvessel iz the capillary. By the
suceessive addition of the elementz which constitute
their distinetive features, arterics and veins are formed
from vessels which were originally in the eondition
of eapillaries. These fre-
quently give origin to new capillaries in the following

!ILi.]1.11'|l: h]{)(]li l_'.]l'.l]"]l.‘-'.l!;

IManmer i—

In young, growing connective-tissue the walls of
tke simplest form of ecapillary, above described, here
and there give off solid protoplasmic projeetions,
which may be more or less branched, and which are

frequently irregular in ontline (fig. 2, Plate VIL)
The noeclei econtained in these szolid 'Emm:iﬂnsmic
eylinders divide and increase in number. The por.
tion in connection with the previously-formed eapil.
lary becomes hollowed out and filled with blood
from the open lumen of the vessel. In the portion
more remote from the capillary, vacuoles appear at
intervals in the protoplasmic eylinder. These soon
open into one another, and constitute a channel in the
protoplasmie branch. By an extension of this pro-
cess of vacuolation a hollow tube is produced, the
lumen of which freely communicates with the lumen
of the original capillary.  As this process of vacuola-
tion proceeds, the nuelei are pushed to the side of the
I“'l“ l:}P]:IH-rII il: [.'-'}"Iii]ill‘:rr wht:!'{} I]li_.’:f ]"E!ll]_a.i'll to rl.:lr]'l": 'I.I'I'E.
nuclei of the future endothelinm,  The calibre of the
new capillary ultimately becomes regular in outline,
and what remains of the original protoplasm of the
tube divides into endothelial plates and their intercel-
lnlar cement.

Instead of the formation of a new capillary loop
by vacuolation of a protoplasmie projection from the
wall of a eapillary, a connective-tissue corpuscle,
which by one of its branchez is conneceted with the
wall of a capillary, may swell up, experience division
of its nueleus, enlargement of its branclies, and throngh
the same process of vacuolation be converted into a
young capillary.

This process of vacuolation may even affect con-

EXPLANATION OF FLATE VIIL

Fig. 1. An injection of the bloodvesscls of a racemoze gland,
ns geen in a very thin section.  Medinm enlargement,

Scheme of the rl-:li.lli.lili:l.-i. il.l'll]. distribution of the
(Afver Lud-

Fig. 2,
Llosdvessils of the kidney.
wigm)

A. External portion of the ecortex; ¢ being the limiting
B. The cortex. €0 Bowndary layer. fA The
IILI'I1II]|II. }:‘. 'Tll.l’.‘: .:i]w"x G‘F IiH.t [ﬂlri“ﬂ..

i, Portion of a small artery coursing along the boundarg
between the eortex nnd medolla,—it gives off an external
twig (inter-lobular branel), which at varying intervals dis.
tributes an atfferent arteriole to a Malpighian glomerolus, m ;
v, correaponding vein which receives an analogous external
(inter-lobmlar) braneh,—ithe latter collects blood directly from
the efferent vessels of the glomeroli, m, and from (#) the
capillary network (refe mirabile) surrounding the tortuous
uriniferons tubes of the renal cortex, and it deains the rennl

Low power.

1_-,-|]:-s|||||1.

misdulla dircetly throngh bundles of eenwle recte, which

cmpty into the inter-lohulor vein as represented at v, on the
left of the fignee. Corresponding to the venule rects: are
the arferiole recte, not represented in the diagram, which
arize at the base of the inter-lobular arterial twigs,

Fig. 3. Arrangement of blosdvessels in an intestinal villus,
High power.
e, Arteriole ; o, collecting venule ; e, eapillary plexus.

Fig. 4. Arrangement of blosdvessels in o filiform papilla of
the tongne.  High power.
a, Arterioles ; ¢, collecting venules ; I, capillary loops.

Fig. 5 Arrangement of minute bleodvessels in the masenlar
tizawe of the tongue.  Medinm enlargement.

e, Arterioles m, capillary plexug, the long axis of whose

meshes corresponds with the length of the muscular fibre ;

¢, eapillaries ranning with musele-bundles, which are vertical

1o the surface of the section.
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nective-tizsue eorpuszeles at zome distance from a
capillary and not in direet communieation with it, and
thereby influence the formation of hollow protoplasmie
tubes, which finally form a connection with the capil-
larics.

Those connective-lissue corposeles which take part
in the formation of new vessels, Ranvier r&gnrdn a8
cells of special function, namely, the formation of
vessels, e has called them vosoformative eells.

Fig. 41,

Variosd Foass oF MoTHERCELLs (000 LLER TASCFOREATIVE CRLLE) DHDRR
HelnG BEVELOPNENT %70 HisOBvEiiRid, rion THE Mikmon LavTem oF THE
Cogex"s Bristopens (Kueis)—a, Large mother.colls vasmolatod, forming this
rodisseats of wedsols, & Their walls, formed of protoplades, with nuelel e
bedded and in wome cases mere or less -I-ltnl:llfld and pamjrating, 4, Bloosd e
gussbes, ) Aeall motker-eelli—w 1 B, Mother-eell Lo
mlibeh amly obsenre grovelar matier is found.

ST I

In the development of new capillary bloodvessels
from connective-zsme wrpusc:l: g the elements of lhe
blood are sometimes formed in small numbers, by a
proeess similar 1o that of the original formation of
blood and bloodvessels in the cmbryo. They may
mare or less num;:lchrl"." fill the channels of the vaso-
formative cells, even before a communication is effected
with the lamen of a previously-formed eapillary,

The method of formation of the carliest bloodves.
sels in the embryo is essentially identical with that
by which & so-called vaso-formative cell of the young
or adult animal is transformed into a capillary. The
bloodvessels are thus derived from the middle layer
of the blaztoderin.

Arrangement of the ﬁfwfr.-mem:i".s,-—]}_r branching the
arteries diminish in calibre until the arteriole is
reached, These, alter ronning a short distance, alinost
always pass into a capillary network, which in its
tarn :,l"tq:]ds itz blood 1o a ﬁD]]EETiL\g 1.'m:u|'|1:, In n
few instances, however, the arterioles ﬂi‘.—'dmrge thelr
blood into the veins withont the intermediation of
capillary vessels. This is the case, for example, in the
matrix of the nails, and in the endz of the fingers and
tocs.  In the eavernons tissue of the genital organs

[ and veing existe

a similar direct ecommunieation between the arteries
Like the arterics, the wveins also
vary their diameter a2 branches are I‘cl.:i_'.lk'l,,w'l, This
is not so, however, with the capillaries, whose calibre
iz neither inereased nor lessencd |.'|-‘1.' ruuﬁi}'ing, The
branch is usually of the same size as the capillary
from which it reveives its blood and the one into
which it emptics,

The distribution of the terminal bloodvessels varies
according to the arrangement of the elements of the
tissues in which they ramify. (Refer to descriptive
text accom panying Plate VIIL)

NERVOU: TISSUE.

The nervous system ':.:-ﬂluli'ri!‘l-"!.‘ ReTve-conireg, IH.:'
ripheral ternunations, conducting fibres uniting them,
conimissural fibres running from centre (o centre, and
a eonnective-tissue framework.

The whole nervous apparatuz has generally been
considered under two divisious, the cercbro-zpinal
system and the sympathetic system.

In the cercbro.spinal system we have nerve-centres
constituted by nerve ganglia, or gray substunce, and
conducting fibres, or whits swdstance. From
centres nerves pass to various parts of the economy,

1]
LILEEg

CEREBRO-SPINAL XERVES.

Nervesheath—Cerebro.spinal nerves, after leaviog
their eentres, are surrounded by a gheath of whire
fibrous connective-tissue, in which there s a ceripin
amount of yellow elastic tissue,

At the exterior this fibrous tissue is somewhat
denser than ordinary loose conneetive-tiszue, and pre.
gents charsclers very similar 1o those of the cutis,
Within this denser envelope the fibrous bundles and
wther elements are arranged in a manner analogous
o the loose connective-tizsnes elsewhere,

The arteries and veins of the merve-trunk ramify
in thiz loose tissue, and the lymph also ecourses
through it. As in other loose connective-tissue, adi-
pose vesicles may be found between the fibres, This
fibrous tissue is technically known as the epinewrium
—a continnation of the dura mata, A cerebro-spinal
nerve eontaing, within the epineurinm, one or more
bundles of individual nerve-fibres. Immediately
around 1he bundle of the nerve-fibres the connective.
tissue of the epinewrium becomes condensed into a
laminatecd r:l:l‘l.'t']n]litlg membrane—the ;:r'.r'fuﬂrrr'urrr- =
a continuation of the araclinoid. Between the lam-
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inie of the perineuriom exist shallow lymph-spaces,
containing connective-tissue elements, and partially
lined by endothelinin. The perinearium may inclose
a single bundle ( funienlies) of individual nerve-fibres,
0Or it III:t}" ﬁ]1ﬁ|lﬂ:t1.-h¢ H ! [I'IJ.I!II]!:r ﬂr Fuulll. .I,}Ll.ll.dll.‘ﬁr :I."J'I(I
constitute what has been termed a nerve-faseiculus,

Newroylin,—1In the simple funicnlus the perve.
fibres are more or less closely packed side by side,
imbedded in a soft, semifluid, somewhat granular
substance, in which are seattered a few very fine
conneetive-tizsue bundles, a number of minute indi-
vidual fibrille, and some flat and branched connective.
tissue eorpuscles. In this tissue (the endonenrivm—
a continuation of the neuroglia), run the capillary
vessels, with muoeh elongated meshes.  As the endo.
neurium approaches the perinenrium, it often becomes
condensed into a more resistant layer, which is slightly
separated from the inner lamina of the perincurinm by
a thin encireling lymph gpace (a continuation of the
subarachnoid spacc). At very mumerons points this
lymph-space is crossed by uniting trabecule of con-
nective-tissue, and is everywhere lined by a layer of
endothelin.  When the perineurium ensheathes a
number of funieuli, the latter are geparated from cach
other by more or less eomplete partitions of the en.
doneurium, consisting of fibrous septa from the inner
surface of the perineurium.

The fine connective fibrille of the endoneurinm
between the nerve-fibres are often closely interlaced
aronnd the nerve-eylinders as il to constitute for the
latter aspecial protection. The endonearium, besides
carrying the capillary bloodvessels, is permeated by
a network of capillary lymph.spaces.

Nerve-filires, medulleted and non-medullated —The
nerve-fibre, nerve-eylinder, or nerve-tube will be now
deseribed.  When an ordinary eerebro-spinal nerve
is cut across transversely, after proper hardening, the
section offers, under a moderate power of the micro-
scope, an appearance well represented in fig, 1, Plale
IX. Within the perineuria (¢}, which present cireular

sections, are cross-cuts of simple bundles or funicali of |

nerve-tubes, In the granular ground-substance (the
endoneurium) are a few delicate fibrous bundles.
Seattered more or less wpevenly through the endo-
pearium are seen small, round, light spots, and in or
near the centre (d) of each i2 a dark dot.  The latter
corresponds to the central or eonducting fibres (the
axis r_:.n’:‘mi’ur} of the nerve-tube, and the 'Ij'ght. ring

around it is an ensheathing insulating eylinder of |

fatty material (the medullary sheath), These light,
cireular, dotted spots are seetions of medwlinted nerie.

fibres.  Each considerable bundle of nerves contains,

besides the medullated tubes, a number of non-medul-
lated nerve-fibres,

The fully.developed medullated nerve-fibre, when
fresh and properly prepared, presents the following
characteristic structures: the axiz-eylinder, the me.
dullary sheath, and the sheath of Schwann, or neuri-
lemma (Figs, 42-46).

a. The awiz-cylinder is a finely-fibrillated eord run-
ning nearly in the axis of the nerve-tube. It consists
of a small bundle of extreme.
Iy fine unbranched fibrils, held
very closely together by an
albuminons semifluid cement.
substance, which often contains
very minute gr:mulcs ar-
ranged in rows between the
fibrils. (& Fig. 43))

Fig. 43,

Fig. 42.

Drankis oF STECCTIRE oF MEDCLLATED
NEsvr-Finee—1. Xeurilemma or sheath of
Schwann, 2. Medullary shenth. 2 Axis.
o lindar, (Darpenfor ) 2

Renve-Trers, —a, Xasve-tiabe of [he cam.
mon European Eel in water. The delieats
lin® en its exterior imidicates the nearilem-
mu. The dark deoblbi-cdged lnner line js
thie white smbatames of Schwamn, slighily
wrinkled and divided inte bevolled seg-
menis, &, Tho same io eiber.  Sevoral adl
or mourine globules have conlesced in ke
inleriofr, aid others aceasulated arcumd
thie exterior of the tobo,  The white sub-
atance bas in parl disappeared. Magabfed
B0 ddismeiers. | Fray.}

Axpecruxnens or XNERvea
—, AXig.erlinder, showimg ii=
fibrkllar siruetaee 7 st the upgeer
part, &, a, 1t 18 seen be aries from
a pasglion-cell, only partially
represcnted, aed b Leeose in-
chosed hy a medullary aheath atb
a’. b Naked axis-eglinder, froms
the dorsal reglen of ihe spinal
eord of the Ox, The mEcdullary
sheath bas been removed.  Jlkeh
power, [(Sricker.)

b The medullery sheath enveloping the axis.eylinder
i3 not, asformerly supposed, a continnons uninterrupted
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insulating tube. Itis composed of a great number of
shork tulular sections, placed end 1o end, or imbricated.
The ends of these sections are bevelled as represented
very poorly ine, Fig. 44 Each of these bevelled-edged
tubal sections consists of a fauy, semifluid substance,
hield within the meshes of a fine reticulum (Klein).

This fatty substanee has long been kuown as newrine,

Water, preszare, and various reagents caunze the zemi.
fluid fat of these sections, which normally iz homo-
geneous, to break up into granules and drops, The
medullary eylinder then becomes coarsely granular,
and if the neurilemma be broken the fat extrudes in
drops of considerable size, az ghown in 5, Fig, 44,

\

Fig. 45,

:
f
|

MWesay Senve-Tonns, highly magsiled, Four of them are Sne, one beleg
warieoss, pmd two of mdling thickness nnd of slmple ntosr] whilsl e
e Phiek, awe of whick sre donbleconteasod, sasd aie bacloits gromons conlest.
{ ey}

e, The wewrilemana, or sheath of Schwann, is a deli-
cate, -ela.-;r.iﬁ, ]]ul:l'l.:.!gl.‘l'li![)'ll!—'. 1ru';ml}ra|1e! which en'rclops
the medullary exlinder as a continuous tube. It is
the analogue of the sarcolemma.  Between the neuri-
lemma and the medullary sheath is a thin lympl-space,
The axiseylinder and the surrounding medullary
sheath are also slightly separated by a thin lymph-
space, This latter lymph-space is probably in commu-
nication with the outer lymplh-space beneath the nea-
rilemma, by means of the spaces between the bevelled
ends of the tubal sections of the medullary cylinder.

Nodes of Banvier—The nevurilemmais not o tube with
straight sides, andevenealibre from one end to the other,
but presents at more or less regular intervals sharp
annular constrictions (a, Fig. 4i), which divide the
nerve-tnbe into segments. At the place of these
annular constrictions, first described by Ranvier, a
septum from the nenrilemma passes across the nerve-
fibre interrupting all of its parts except the axis.

eylinder and the lymph-space immediately surround.
ing the latter. When a perfectly fresh and uninjured
medullated nerve.fibre is treated
by nitrate of silver, and exposed
to light, the annular eonstrietion
becomes wvery distinet, I the
nerve is submitted long enough
to the action of the silver salt, the
latter will penetrate tothe periaxial
lymph-gpace around the axis.cylin-
der, and extend along it for a little
distanee, When this is the case
the surface of the axis.cylinder is
covered by transverse markings
{lines of Frommann), which are due
to coagulations in the lymph-space.
In consequence of this dark stain-

Fig. 4.

Ennvpe-FIaEn FEeN THE
Bepatie NEWTE oF THE
Eanpmet arvem TEE AC-
Ty or NiTeare oF Sie-
TeR.=a. lling foreed by

| thickensd membrame of

Bebimaiim, . Whilesghs
stanee of Eehwans rene
dored trameparent by gly
tetin, Op Cylinderaxis,
whieh just sbove spd b
lew the lewvel of the sn.
walaf  oconsisicilom pees
gents the lioes of From-
mazn. | Frommans._}

ing of the annular eonstrictions,
and of the axiz-eylinders for some
distanee above and below them, a
darl eross becomes conspicnous,
These constrictions are konown as
the nodes of Ranvier, and the por.
tions of the nerve-eylinder between
the constrictions are known as
inder-annulae seqments. Fach in-
terannular segment comprises a

pumber of bevelled-edged imbri-

cated tubular sections of the medullary sheath, and
also eontains a flattened nucleated corpuscle. The
nuclens of this cell consists of a fine reticulum and
an enveloping membrane of double contour. It is
a flattened-oval in shape, and is surrounded by a
small amonnt of protoplasm which also contains a
fine reticulum. The corpusele is flattened upon and
partially sunk into the surface of the medullary sheath,
gometimes extending across one or more bevelled
sections of the eylinder. It has no connection with
the neurilemma. It is the analogue of the muscle.
corpuscle, and has been named the nerve-corpusele.

Size of nerve-filres—The size of a medullated nerve.
fibre varies according to the diameter of the axis
gylinder, and the thickness of the insulating sheath
or medullaey n}'!inr]ur'. The thickness of the medual-
lary sheath 1o some extent wvaries with the distance
to which the nervons impulse is to be conducted.
The greater the course the nerve-fibre has to traverse,
the greater the thickness of the insulating eylinder,
iz a rale which haz numerons L‘xt‘.t'pl'i-m.'-'.

In the nerve.contres the tllt‘tlﬂil:u}' sheath i=s O
r:ui.v-g]_v thin, 1.'.\n:='.-:E1r in gertoin tracts of the 5E'|‘i;|;|.'|1|. aori,
where fibres which run a Ereat distanes are located,




18

NISTOLOGY.

_n-rmﬁ:}u:ln_

As the ]‘nl:t!.ll".:ﬂ"‘" nerve-fibre approaches its peri-
p}mm] termination, its Jllmlul]:irj' I.’:J.'H:l{li:r grnduall}'
becomes thinner and thinper until it entirely disap.
pears, leaving only some flat nerve-corpuseles between
the neurilemma and the axis-cylinder, There are
many nerve-fibres of this strueture to be seen in
nearly every section of a nerve-bundle. They are
generally seattered around unevenly among the fibres
which are still medullated, Ina given nerve-bundle
the medunllary fibres may be nearly uniform in size,
or they may have very different diameters,

Divizion of nervesfibres.—In their course the nerve.
bundles generally branch in order to widen the ex.
tent of their distribution. In some instanees branches
derived from two or more bundles are bound together
to form a nerve-bundle.  In this manoer a plexus of
nerve-bundles may be formed within a common epi-
neurium. Oceasionally, also, complete nerves may
branch and form nerve-plexuses.

While the branching of whole nerves and of their
constituent bundles is of universal oeeurrence, it has
been doubted if the individual medullated fibres ever
divide. Bome well-reputed authors have in recent
years both described and figured an oceasional bifur.
eation of medullated nerve-fibres, especially when
near their peripheral termination. This bifurcation
takes place invariably at one of the nodes of Ran-
The axiz-eylinder divides, and each branch is
lj'll.\'ul.(]-[)(,‘d i!l a nf:l'l]'i].ﬂtl]l]]:l :I:'Ill! I'I]l_:du]l:l.[l}' EIIO:'I.'lh
which are eontinuations of those which surronnd the
fibre above the point of division.

Microseopie nerve-bundle—In branching, a nerve

vier.

becomes smaller and smaller and its eonstitution less |

and less complex until a microscopic size is reached.
rl‘lliﬂ “Iiﬂ]’()}iﬂﬂifiﬂ nerve 'F'I'I-'I_'!||l ﬂt}'l:l.ﬁiﬁt ';}F H Eingiﬁ Snlﬂ“
bundle of medullated and other fibres ensheathed in
a perineurinm, which, instead of being formed by
dense lamellated connective-tissue, is represented by
a delicate film of conneetive-tissue. The external
sarface of the endoneurium, ag in the larger nerves,
is =till covered by an investment of endothelia. The
appearance of such a microscopic nerve, after it has
been withdrawn from its perineural sheath and sub-
mitted to the action of nitrate
of silver and light, is very well
represented in Fig. 47,

A microscopic funiculus of
this character continues to di-
vide and subdivide until the
smallest microscopiemedullated
nerve is reached, inclosed in a
perinenrium composed of a sin.
gle layer of endothelial eells.

These smallest meduallated
nerves are not infrequently
glightly moniliform—an irreg-
ularity of outline due to the
acenmulation at intervals of
lymph or periaxial cement-
gubstance in the lymph-space
between the eylinder-axis and
the medullary sheath (Fig. 45).

The nerve-fibre finally lozes
its medullary sheath, From this point it passes
through the tissue with a simple covering of neuri-
lemma and oceasional nerve.corpuseles. From time

Fig. 47.

NEETE. FERICOLTA OF TOE
Tatr or & Movse, arres Im.
FHEGRATION WiTH NiTRATE oF
SpevER —Large Baf endothe-
lial eells are seen covering its
snrface. For explanation of
the sgmall erasdcs fen preced-
lng dgure. {Raneidr.)

EXPLANATION OF FPLATE

Fig. 1. Transverse section of a small branch of o corebro.
spinal nerve,  Mediom enlargement.

e, Clommon sheath i b, I}'!llphdlmul: within it e, prn’nrma |

Finne r.;::l'rj.'itlpg' bloodvessels, ¢, and I;!.‘|||Ili|_.-1.'l_"55-l_"|ﬁ.; o, axis
exlinders of medullated nerve fibres,  “These fibres are col-
leeted together into bundlez, inelosed within a sheath, which
consists of a condensation of the connective-tissue of the
perinewrianm,.  The individual nerve fibres constituting such
a bundle are separated from each other by a delicate tissne
known as the endomcurinm.

Fig, 2. Minute subdivisions of the nerves in the superficial
layer of thé cornea, tormed the swbepitheliod plerns, as
seem in the cornea of a Rabbit after treatment with
chloride of gold. High power.

1X.

Fig. 3. Connective-tizene elements of the perinenriom of a
m-nrl.m.sj:irml nerve, "i':::l‘_]." |:|ig|:| [HVWET. {.rlkﬁl!r Ran=
Vier. )

¥, Connectivestissue bundles ; o, flat connective-tissue or
endothelinl-cells,

Tig. 4. A minme bundle of medullated nerve-fibres in the
tongue of a Cat, showing axis.eylinders, e, and nueled

of the neurilemma, n. High power.

Fig. 5. Vertieal seetion of anterior epitheliom, #, b, and
; superficinl layers, e, e, of the filirous tissue of a cornea
stained with gold, showing the penctration of the nerve-
filaments hetween the corneal epithelium, and the forma-

tion there of an inter-cpithelial netweork of minote nerve-

fibres.  (After Colinheim,)
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to time the axis.gylinder splits up into branches,
which, by further divigion, become so small as to be
composed of an extremely small number of fibrils
loosely bunched together,  In these minute divisions
of the axis-gylinder the neurilemma ultimately dis-
appears, and the only remains of the original en-
velopes of the medullary nerve.fibre are a few flattened
connective-tiszue eells which at seattered points wrap
more or less completely around the small bundles of
nerve-fibrils. By this time the nervefibrils lave
become beaded (fig. 2, Plate IX.). After the axis-
evlinder has lost its medullary sheath and has
brawched in the manner above indicated, the nerve.
fibrils are frequently collected again into delicate
fibrillar bundles to form networks, Notwithstand-
ing these numerous ramifications and anastomoses of
collections of minute nerve-fibrils, it is believed that
an individual fibril itself never divides.

Filres of Remak=—=Attention has thus far been
called to three difterent forms of nerve-fibre. It is
now proposed to consider a
fourth variety—the gray or
gelatinous fibre or the filee of
Reemak. Thisdoes not sensibly
differ from a variety of medul-
lary fibre already described,
namely, the one which has
lost 3ts modullary sheath, and
is eomposed simply of neuri-
lemma, nerve.corpuscle, and
axizeylinder,

In the cerebro.spinal nerves
the medullated fibres greatly
preponderate over the non-
medullated or  gelatineid
fibres. In the sympathetic
nerves this order is usually,
although not always, reversed,
and the medullated nerves are
frequently finer than in the cerebro-spinal nerves.
In nerves of a mixed character the sympathetic filwes
may run in a bundle by themselves or they may be
indiscriminately mixed with the other fibres.  Of the
medullated perves, the sensory filires, as o rule, retain
their medollated sheath longer than do the motor
filires.

& Emacr Nerve.RRavcm
FEOM THE STEPATHETIO OF &
Mammai. = d, Twoe dnrk-bsr
dored  mervestnbes nimohg @
moember of Homak's flres, &
[Firas.}

FERIPHERAL TERMINATIONS OF NERVES.

This subject may be considered under two general
heads: a, the peripberal termination of sensory
nerves; and, 5, those of motor nerves.

a. Feripheral ferminations of sensory nerves—As
has been already indicated, the smallest microscopic
medullated nerve consists of a perincurium sur-
rounding a bundle of nerve.fibres. Some fibres lose
the medullated sheath earlier than others, When
the nerve is very near its termination, usually the
medullary eylinder and the newrilemma disappear
from all the fibres within the investing perincurium,
The fibrils of the different axis-eylinders, being now
more {ree than before, nterlace in such 3 maoner
that the nerve-bundle appears much like a longitudi.
nal petwork of fibrils collected into a cord, In the
gkin and mucous membranes, near the surface, and
in many other locations, these non-medullated
branches ramify and unite into a plexus; cach limb
of the plexus, even when it comprises not more than
two nervefibrils, is still invested by a delicate mem.
brane which is the representative of the perineurinm,
Along the course of these ramifications, and especially
at the nodal points of the plexus, are a few nuelei.

Su-’u'pi?ﬁ{?”ﬂf j'.lﬁ;.j:u.fc.i“ and wefworks—In the skin
and mueons membranes o plexus exists beneath the
epithelial covering. Henee it has been called the

| subepithelial placws or ground.plexns. From this

subepithelial plexus, single, fine, beaded fibrils, or

| small colleetionz of zuch fibrils, come off and unite

with each other into a network of meshes of various
gizes and outlimes. This network of nerve-fibrils is
located immediately beneath the epithelinm, and has
consequently been called the swhepithelinl netivork
{fig. 2, Plate IX.)

frtereelluler wetworks —Some of the branches of
the subepithelial petwork enter the layer of epithe-
linm, passing in the intercellular cement between the
epithelial eelle. These branches ramify among the
epithelia to form an éntercellnlar nefwerk of single-
beaded fibrilz (fig. & Plate IX.)  In gome locations
the subepithelial networks are pecaliarly arranged
with respect to the direction of the fibrils and the con-
sequent outline of the meshes. Beneath the epithe-
linm of the eornea, for example, the branches which
come from the gl‘lllll!ll.'].-ir]l,‘..‘!'.l.lai git‘lr nl‘igin to ramilica-
tions, which with the stem whence tlu:}" arize present
an appearance that has been l:'\c'lntE".'I.FL":'. to the catos
nine-tails (fig. 2, Plate IX.),

There iz a great diversity of opinion as to whether
the nerve.fibrils from the subepithelial plexos simply
end in the cement-substance, between the epithelial
eells, in a network such as above indicated, or whether
they terminate by free extremities, some of which
communieating with the stellate cells among the epi-

| thelinm, others extending to the surfaes,
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It seems to be ecrtain that some of the nerves of | b Are branches from the ground.plexus (or nerves

special sense terminate among epithelial cells. In
the Schneiderian membrane the
olfactory nerves form a subepithe-
lial plexnos, fibres from which ter-
"minate in eertain rod-shaped ele-
ments (B, Fig. 49, the superficial
ends of which reach the surface
Letween the eolumnar epithelial
eells of that membrane. The ter-
minations of the optic nerve are
ennieal and rod-like organs, which
are imbedded between epithelial
cells. The anditory nerves prob-
ably have an analogous ending.
The gnstatory nerve haz a pecaliar
terminal organ (the taste-bulb) im-
planted among the lingual epithe-
lium (Fig. 0}

In

CELLE OF THE ChLFir-
ToRY Mucors MEMBRANE.

gome kinds of connective.

tissue, also, 2ensory nerves seem  —e.boo A Schuitee
i : L o, ¢, F.  After Lockharg
to end in complicated nervous e

networks. In the cornea, for ex-
ample, besides a superficial subepithelial nerve.plexus,
above mentioned, there 15 also a :Lm]: ]:]exus which

suppliez the posterior lamelle. Fig. 1, Plate X., ac-

eurately represents {according to Klein) the manner |

of distribution of the minute beaded fibrille to a deep
stratum of the cornea of a rabbit. a. Iz a part of the
ground-plexoz (or nerve of the first order}—a bundle
(,]1_- i.'ll'|{.‘=]']:il'.'il]g.. rrl!(‘ tlt]"l.'r:-!ilrri-ﬂ:u, i[l(,.‘l".‘il,:a h}' il ex-
tremely delicate sheath, representing the perineurium,

of the second order) still possessing an investing
sheath, but comprising only a small number of fibrils
—they also anastomose to form a network., e Are

BraTatont BoLps yeoM 708 LAaTERar Graratort Opaax oF THE Bappit.—
Mgk power.  [Steicker.)

| single, minute, beaded fibrils (nerves of the third

order), which arise from the network formed by &, and

pursue a rectilinear conrse among the fibrous bundles
| of the conneetive-tissue—they unite with fibres of a
similar appearance to form a networle of rectangular
meshez, o Are nerves of the fourth order, still finer
beaded izolated fibrils, which arize from the nerves
of the third order, and form a network with very
small, irregular meshes. The fibrils of this last
minute network frequently appear to be in contact
with gome part of the surface of the corneal corpus-
cles, the analogues of connective-tissue corpuseles,
ﬂpiuiuu is Il'\'l;tllt‘}' divided as to whether this last
network is to be regarded as the J:n;:rip}mrul termina-
tion of these nerve-fibrils, or whether still more

EXPLANATION OF PLATE X.

Fig. 1. Represents the distribution of the nerves in the depth
af the cornen.  Very high power.  ( After Klein.)

a, Nerve of the first order 3 &, nerve of the second order ;
¢, beaded merve of the thind order, forming o rectangular
network 3 o, beaded nerve of the fourth order, which forms
a network, perhaps upon the surface of the brancled corneal
Cr}'l"[l-uﬁl,']l,‘.&., wliieh |1|'|:1.l:'l'.r Willi theie !;ranfiw_q {4.'} :md their
nuelei, are represented in the Agure.

. 2. End bull, &, and medullary merve, e, d, of the con-
Jumetiva of a Call'; e, axiz-cylinder termination of the
nerve within the Lulb, (Alter Krause,)

Fi

a3

High power,

Fiz. 3. Pacinian corpuzele,

High power.
iy Axisecylinder of medullary nerve-fibre ; e, termination

of the sheath of Schwann in the Ghroos lamelle, J, of the
FPacinian body ; o, e, the axis-cylinder; &, its division and
termination near the end opposite the entrnee of the nerve-
fibire,

Fig. 4. Dhsiribution of nerves in the wall of a small arte-
riole.  High power.  (Arnold.)

a, Larger nerve-twigs which branch into minute sulidivi-
sionz, some of which, aceording to Arnold, terminate in the
| mucleali or within the nuclei, e, of the smootl muzele-filines
ol the tumica media.

Fig. & Shows the relations of the minute nerves to the walls
of aeapillary bloodvessel.  Iigh power.  { After Klein.)
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minute Rhrils come off from it, and enter the sub. ] papill of the skin, and because of their location in

stance of the corneal corpuscles to terminate therein.

Besides the foregoing modes of peripheral distribu-
tion of sensory merves, there are yet to be men-
tioned certain gpecial structures in which nerves of
this character frequently end. The most important of
these are the Pacinian corpuseles, tactile corpuscles,
and the end-bulbs of Kranse.

End-bulbs of Krause.—These organs are met with
in small numbers at the peripheral ends of some of
the medullated nerves terminating in the deeper
layers of the conjunctiva, especially near the cornes.
They appear to have a simple plan of structure.

b, fig. 2, Plate X., represents, under a low power,
the simplest form of such an end-bulb from the con-
junetiva of the calf. In this case itz outline is some-
what eylindrical, with rounded ends, and it is fixed
upon the end of a medullated nerve-fibre, e, The
perve-fibre is seen to pass nearly straight along the
axis of the elongated bulb, and to terminate in a
glightly tapering extremity, near the end opposite the
point of entrance. In man the end-bulbs of Krause
are often more or less spherieal, and the nerve.fibre,
after cotering the organ, instead of pursuing a
direct eourse, iz frequently more or less convoluted,
and even sometimes branched. The nerve-fihre upon
which it is placed possesses a distinet perineurium,
enveloping a ncurilemma, within which is an axis-
eylinder insulated by a medullary sheath : all these
parts exhibit their usual eharacteristics. When the
nerve reaches the end-bulb the perincurium spreads
ont and envelops it, forming in some instances a
glightly laminated sheath, Ordinarily, but not always,
the nerve-fibre loses its medullary sheath npon enter-
ing the bulb. The axis-¢ylinder eniers the body of
the bulb and passes to the opposite end, either in
a straight or somewhat wavy course, or after first
forming several tortuous curves or convolutions, It
may 1;11{1 il:l i t.:i]'u,:ring t;r‘_w',‘l.l‘vl':m'!1.;',.‘T {ritum] ko @ 1|'.|Ln.‘trt1
or divide into two or more branches, each ending in
a terminal @lllﬂrguml:nt, ﬁmmlg the convaolutions
nuelei are generally found in some numbers, embedded
in a slightly granular sobstance. Occasionally the
medullated sheath continues for some distance along
the convolution,

Bulbous nerve-lerminations somewhat similar to
those shove deseribed are found in conziderable num-
bers upon the genital organs,

Taetile corpuseles,—The factile corpuseles are nerve.
terminations of much wider distribution than the end.
bulbs of Krause, and are somewhat more complex in

structure. ‘They are found mainly in the apex of
11

greatest numbers at the ends of the fingers, and npon

| other surfaces endowed with the most delicate sense

of toueh, they have been ealled tactile bodies or cor-
puscles. In their simplest form they consist of an
enlargement shaped somewhat like a pine cone npon
the end of a medullated nerve-fibre. (Fig. 51.) The

Fig. k.

TACFILE Conrrsci® —u. Sile view of & ypupilla of the hand. a. Cortieal layer.
8. Tactile corpuccle, with transverss nuclel < Small merve of papills, with
mearilemma. . lis iwo aeevons fibres sunniagy with spiral ooils arcusd the
factile corpusche. & Apparent termimation of one of thews Ebrei. B A taedile
Papilla soen Froms skbsve, 2o an io ehow jio leageverse seoctlom. . Cortial
layor. b Nervefiliess, & Qiber lnver of 1b= taetile body, with nackd, o,
Clear nterber subatanes,  From (e lumes sgbjact, aod tronted with sesile
aéld, Highly magaiged. (&rap. )

perincural sheath of the fibre thickens and spreads out
] f::ut‘rn a 'rnlrr::h]:.r th;n ]:lmi:l:lht!‘] fibrous l!l:t'.'l‘:l'illg
or capsule for the touch-corpuscle. The main con-
tents of this capsule are large, clear, vesicular, nuele-
ated cells frequently flattened from above downwand,
and piled one upon the other somewhat like the diske
of a Voltaie pile. The medullated nerve.fibire pene-
trates the touch-corpuscle at its deep end, zometimes
losing its medullary sheath, sometimes retaining it
for some distanee within the body of the eorpuscle.
Upon entering the body of the tactile corpuscle the
nerve-fibre eoils around the surface of the previously
mentioned eells in a sort of ascending spiral, which,
sinking mto the indentation between the l;.:r“s, s
ultimately lost to view, Fine fibrils, probably con.
tinuous with the axis.eylinder of the coils between
the cells, wind around the surface between the coils,
and eange an appearanee of fine transverse fibrillation.
Exactly how the nerve fibrille terminate in this com-
plex bady is not known.

Pocludan corpuseles—The Prelnian corpuseles, in
which some medullated sensory fibres eml, are com-
paratively large ovoid bodies, which in favorable
locations are distinetly visible to the naked eye.
They are most frequently found in the subeutaneous
and sabmueous loose cellular tissue, and in the loose
gonpective-lissue between bundles of mmscle-fibres.
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They are also not infrequently present in serous cov- | ings.

erings, The m uﬁﬂ!!tur}'nftlm cat 15 the most favorable
pu,‘.usi[iun in which to 5!11:]1,' them, "]"]1[53' consist of a
thick, dense capsule formed by a large number of thin
concentric membranous lamine of white fibrous tis-
sue (Fig. 52, and fig. 3, Plate X.). These lamine are

Pacixiax CogprecLE with Hd syetem of capenled and central cavily —a, Arte.
rlal twig, ending ko capiliarics, which form lel.-d im some of Mo intsrcapsnlar
spaced ; one pemobrated 4o the ésniral capsule. & The fibrous fhssae of the
eialk prolonged ffein the neorilemma, m. Nervefube advancing to the cemtral
eapsules, there losing 118 whito sgbatance, and sirotching along the axis (e the
apposits end, where 1t s attacked by o tubercular enlargement. | HFray.)

slightly separated by wvery thin strata of semifluid
subatance, in which iz imbedded an extmmel}' thin—
probably elastic—film consisting of a single layer of
flat endothelial eells, In sections of the Pacinian cor-
pusele, such as the figure represents, the nuelei of these
Elldl:l‘[.hljliﬁl tl_;”.fi :'].]}I'H'.':lr.'!!'i TovE (}F r“ﬁiﬁ!r]ﬂ wiﬂﬁ I.Ji..‘-
tween ‘t.hl_! EI'ZI]]F_.QH[F]I.[,'- ]:III]L!‘[]:E, 1":".: l..':.:ll]’.‘il.llﬁ iflﬂ!ﬂ!il.'ﬁ il
Narrow m;i:gl Spact aof an eluugamﬂl sarm:'.t-lmt c}-'[indri-
eal form, usually having a slight eslargement, some-
times even a bifureation of the upper end. This capsule
fits over the extremity of the nerve-fibre in the follow.
ing manner. The perinenral sheath of the medullated
nerve-fibre thickens and becomes continwons with the
outer lamellw of the fibrons capsule of the corpuscle.
The sheath of Sehwann and the medullary sheath
are generally lost, as the nerve-fibre penetrates the
thickness of the ecapsular eovering. By the time
that the axis.cylinder has reached the axial space
of the capsule it bas usually lost all of its cover.

=

It paszses up the central portion of the space
nntil the enlargement at the end is reached. Here
the axiz-cylinder terminates generally in a single
button-shaped or cauliflower knob, Sometimes just
before reaching this point the axis-cylinder bifureates
or trifurcates, each division ending in a similar
enlargement.

Instead of the axis-cylinder pursuing a mnearly
rectilinear course in the axial space of the capsale
it may be more or less convoluted. Sometimes
the medullary sheath continnes into the lower part
of the axial space. This central space, besides con-
taining the terminal ends of the nerve-fibrils, is filled
with a semifluid albumineid substance, Tts walls
are covered with a layer of endothelial plates. Tt is
doubtful whether the individual fibrillae of the axis-
eylinder terminate in the upper portion of the axial
space by free extremities with a minote bulb, or
whether they end in an extremely fine terminal net-
wark.

Besides a nerve-fibre, each Pacinian corpuscle is
supplied with a minute afferent and efferent blood-
vessel and an intermediatz capillary plexus. The

| bLloodvessels uzually enter and emerge with the nerve-

the acini, and even in the ducts of glands,

fibre, but sometimes they pass into the capsule at the
opposite extremity. The eapillaries are distributed
between the lamelle of the fibrous eapsule, and never
reach the eentral axial space. Occasionally, instead
of one Pacinian body being connected with a nerve-
fibre, as iz us=oal, the fibre may divide at a node of
Ranvier, and each branch end in a Pacinian corpuscle,
The group of corpuscles is then often connected to-
gether by longer or shorter bands of fibrous tissue.

Hair-bulls—The heir-bulls receive the termina-
tionz of medullary nerve-fibres, and are sometimes
exquisitely sensitive.

Nerveeneings in glend-cells. — Plliiger, among
others, has carcfully studied the relations of nerves
to some of the seereting glands, and has found nerve-
fibres in direct connection with the nuelei of cellz in
Fig. 53
shows four maodes of direct termination of nerve-
fibres in gland-cells,

b, Termination of motor nerves—The molor nerves
have their peripheral endings among muscle-fibres.

Nervesndings tn smooth muscle—In smooth muscles
their charaeter, distribution, and termination are not
the same as in striped muscle.  Non-medullated nerve
bundles run and braneh iu the loose connective-tissue
between the bundles of muscular fibres. They are
enveloped in a cellular sheath, which iz a representa-

| tion of the perineurinm, and they are composed of
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interlacing fibrils which have no medullary sheath,
or sheath of Seliwann, but are covered at intervals
by flat cells, which are probably the remains of the
, merve-corpuscles belonging to the medullary sheath,

Mopzs oF TERMINATION oF THE NERVE: X THE SALIVARY GLANDa,—] xnd 2
Branching of ihe nerves befween the salivary cells. 3 Termination oF the
werve in the neclus. & Uslen of a genplion-cell with a salivary eell. &5
Vagissae norve-lbres esteriag the crlindrical colls of the vieretory dects,

(Pager.)

Such branches communicate with their neighbors to
form a plexus—the ground-plexus of Arnold. From
this groond-plexus come off smaller branches com-
posed of small groups of individual fibrila. These
smaller brapches are still covered by a cellular-sheath,
The:,r :|1.'|a§.1;;- |,:||i;'h,: into a p'.t;.\: s, \I.'h!'i'.h L"t'l'l.'l;;]l::I]:lF ille
perimysinm of primary bundles of smooth fibres—the
intermediary plexus of Arnold, The intermediary
plexus immediately enveloping the museular bundles
gives off branches composed of single beaded fibrils,
which enter the endomyszivm and unite to form a deli-
cate network sureounding the individual musecle-fibres,
Some suthors elaim that this last networl: again gives

Mracoram Fionne oF LacEess, WiTH THE Texsmymareosa oF NEnves jx Exs.Prares oF Kouse = Sean in profile
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| off extremely minute fibrilz, which penetrate the
| muscle-call and end it the nuclens ; others declare the
network to be the peripheral termination of these
nerve-fibres. Occasionally a few pear-shaped enlarge.
ments are met with upon the fine fibrils of this last
network.

Fig. 4, Plate X, represents, according to Arnold, the
ncrvn-supp]y of the smooth muscle-fibres in the walls
of a small artery. Non-medullated bundles of fibrils,
| similar to those of the ground.plexus deseribed above
for smooth muscles, unite to form a ground-plexus
in the tuniea adventitia. (It should be mentioned
here, In passing, that in the nodes of these ground.
plexuses of nerves in smooth muoscle there are often
| located one or more vells, which many regard as gan-
glion nerve-cells.) Thiz ground plexus gives origin
to minute but still compound branches, which them.
selves again umite inte a more delicate plexnz—the
intermediary plexuz, This last plexus gives off single
fibrilz which enter the tunica media, pass between the
individual muszele-cells, and unite there 1o form a fine
network, The same difference of opinion exists as in
| the furmer case concerning the direct connection of

the perve fibrils with the nuclei of the muszcle.cells,

Ton many p‘.m,--;rs Eﬂpi:lﬂt‘}f blocdvessels are surroumded

b}' petworks of m}we-ﬁhrilﬁr a5 shown in I:';g_ i

Plate X,

Nerveendings in striped muscle—The terminaiion
of motor nerves in sériped musele 15 pecoliar.  The
nerve-fibrez preserve their medullary evlinder and
sheath of Schwann umil they enter the musele-
fibres, According to the investigations of the most

| recent anthors, each individoal muscledibre receives
one or more medallated nerve-fibrez. The nerve.
fibre passes to the muscle-fibre obliquely, and enters
the sarcolemma,—the wseurilemma, or sheath of

8, The baie of

F. The marve end.pinion.

s plate, consisling of & protoplasmle moss with umelel. & The same ceem s fe, whes o porfoolly fresh Abee in 0Xamlued, the gervesonde probalily belng atill

exeitable,

&, The same &% se+n fwa hiowed afer doatk fram palisning bF earire.

Eizhly maguiged, (KdAsd)
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Schw:mu, uuil'mg in and hq:ing continuous with the
elastic envelope of the muscle-fibre (Figs. 37 and
54). The nerve-fibre, composed of a medullary sheath
and axis-cylinder, penetrates the sarcolemma and
passes into and is lost in a large flat body, located
upon the substanee of the musele-fibre, called the end:
plate of Kiihne., Before disappearing in the substance
of this end-plate the still medullated fibre may brauch
and the branches ramify upon the end-plate, each yet
retaining its medullated gheath. Where the medul-
lary sheath ends, the axis-cylinder spreads out into
the surface of the end-plate, and iz soon lost to view.
The end-plate is usually more or less granmlar, and
sometimes contains a considerable nuinber of oval
nllﬂl[:i, 1“112 grfli]il]:lr ﬂ]’)j'll.':ll':lll[!l.' 'i.ﬁ E‘.'I]{'rﬂ“}' d“ﬁ T
the presence of o minute reticulum, which may, per-
haps, be continuous with the fibrils of the axis-cylin-
der. The nerve-fibrils are not known to pass into
the contractile substance of the muscle-fibre. Some
authors belicve they have seen the branches of the
nerve-fibre extend upon the surface of the sarcous
subistance IH!I'.‘I:}E'I:d the endap]ate.

Beale denies entirely this mode of ending of the
nerves in striped muscles, and substitutes for the end
plate of Krause within the sarecolemma a simple net-
work of medullated nerve fibres with a number of
nuelei in the meshes, elaiming that the network rests
upon the outside of the sarcolemma.

NERVE-CENTRES.

The nerve-centres are constituted by gray or
vesicular nerve-substance, and white filrous substance.
The latter eonsiste of nerve-fibres In most respects
gimilar to those which have already been deseribed
when considering the nerves, but they have no defi-
pite meurilemma. The nerve-fibres will, therefore,
not occupy particular attention in this place.

The former, the gray matter, contains special cells

of peeuliar form and structure which have been called

nerve- or ganglion cells.

Newroglin.—In the eerebro.spinal nerve-centres
both nerve-fibres and nerve.cells are found imbedded
in a soft finely-granular varicty of connective-tizsue
which haz received from Virchow the special name
of newroglia. In the gray substanee of the cerebro-
gpinal centres it is possible, ag we shall see below,
that the neuroglia may possess peculiarities of func-
tion which are probably not eommon to the neuroglia
af the white substanee. The neuroglia of the latter
consists of a semifluid, homogeneous substance con-
taining a network of extremely minute fibrils which

| are probably of an elastie nature. At occasional in-
tervals, among thiz minate elastic network, are to be
scen branched conneetive-tizssue corpuseles whose fine
ramifications are in communication with the fine net-
work already described. These branched conneetive-
tissue corpuseles are known as newroylia.cells. Be-
tween the medullated nerve-fibres of the white sab-
stance the minute fibrilz of the neuroglia-network have
mainly a longitndinal dircetion,

In the gray substance, the meshes formed by the
neuroglia-fibres are cx‘lrc:m.:]:.* minute and are qui!e
irregular and sponge-like, * In addition to the nen-
roglis-network above mentioned, there is superadded
a minute network of fine fibrils which are derived
from the branching processes of the ganglion nerve-
cells present in large numbers in the gray matter—a
network  diffieult, if not impossible, to distinguaish
from that composed of simple neuroglia.fibres. This
has been termed the nervows reticulum of Gerlach.
Some investigators add to the neuroglia of the gray
snbstance of the spinal marrow still another nervous
retienlum, which derives itz minute fibres from a re-
peated division, in the posterior portions of the
cond, of nerve-fibres from the sensory roots. In
this complex neuroglia of the gray substance the
vessels, the ganglion-cells with their branches, and a
limited number of medollated fibres, are imbedded.

Fanglion-cells,—The ganglion-cell is contained with-
in a small lymph-space in the neuroglia. It is of an
irregnlar outline more or less clozely corresponding
to the shape of the cell. The size of the latter is
comparatively large, but different ganglion-cells vary
widely in their dimensions. Some are relatively of
enormous volume. The largest are usually found
in the anterior horns of the spinal cord, and in
the motor centrez of the cerebrom. They also

vary greatly in form. Some
are oval without processes
{apeler); some fusiform with
On¢ OF MOre processes at
either end (fipolar); but the
majority of them have many
branches which may come
off at any porticon of their
sarface  (multipaler). The
body of the ganglion-cell
.,.:::.:.:l:fri:i:‘:-;::'.‘r}{?:::.: containg an intra - c:e]lu!ar
wesicalar colmmn} of & Peiwnior  Detworle  of fine  fibrila:
§ix months, showing the |:n'ir|l.|u- Nﬁﬂ.l']}' all the processes of
reticnlum formed by the dichoto-

| amous Braehing of the processes these cells repeatedly branch
{asrvons retlealum of Gerlachl.  Jiohotomously  until  the

Magnifed 420 diameters. [Cor- ;
| pemieriy rezulting  fibres  become

T ———
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extremely fine, when they form a minute network
in the neuroglin—the nervous network of Gerlach
above mentioned. Each one of these branching pro-
cesses contains a continuation of the intra-cellular

Fig. 56,

A MEpipa-sizen Gaworromegni, from the apterier horn of tho pray magter of
ihe apinal eord of a Calfl, lssluted 2iter 4 shorl meceration bn sero= contaluing &
18ttle Todime in solution. Magnifed G0F dinmeters.  Seme of the procceses (z8
at &) aro abraptly brokem off i o ia tho aXiscFlisdsr process of Irelfers.
(Sirizker.)

network, the meshes of which are narrow and greatly
clongated in the direetion of the length of the process.

The fibres of the retienla of the processes spread ont
in the cell-body, and cause the latter to appear to be
erossed in various directions throughout its substance
by fine fibrillee (Fig. 56, and refer also to fig. 2, Plate
XL).

In the motor arcas of the cercbro.spinal system
are found large multipolar ganglion nerve-cells, of
which one of the processes differs from the previously
deseribed brancling processes in several respeets. In
the first place, the process is smaller at its conncetion
with the body of the cell than are the otliers (=, Fig,
56). Secondly, as the distance from the cell inereases,
ao alzo the proceas enlarges, until finally it becomes
surrounded by a medullary sheath {a, Fig. 43).  This
process has been called the awis-cylinder process of
Deiters, It has a distinet longitudinal fibrillation,
Those branchcd ganglion nerve-corpuscles which
possess an axis-eylinder process of Deiters on the
one hand eommunicate with the moter nerve-fibres
througlh their axis-cylinder process, whilst on the
other hand they are united intimately with the
nervous reticolum of Gerlach by means of their
finely branching processes.  Each ganglion-cell con.
taing near its eentral portion a large spherical nucleus
limited by a double.contoured membrane, and
inclozing sometimes one or more distivet brilliant
nueleoli. The nueleus, like the cell-budy, 15 com-
posed of an intra-nuclear network in connection with
the intercellular reticalum. In the meshes of these
reticula is inclosed a soft semifluid substanee some-

| times holding in suspension  brownish-yellow pig.

ment-granules, As has been already indicated, these
ganglion-cells are suspended in lymph-spaces—the
j-,-f_u-'.;-.qf,?:g.'ur {i;mpﬁ-xpun:.s which sometimes even In
health may contain a small number of lymph-cells.

The ganglion-cells of the gray matter of the eerebro-
spinal centres vary greatly in size, shape, and distri-
bution.

Gray matter of the spinal eord.—In the spinal cord
they are smallist in the posterior portion of the pos-
terior gray horns, and are largest in the lateral portion
of the anterior horns. Instead of being seattersd
evenly or irregularly throughout the gray matter
of the cord, they are mostly eollected inte eertain
wellknown groups which extend up and down the
cord and form columns of eells. In Fig. 57, three
such groups are represented in the anterior horn—the
go-called internal, anterior, and lateral groups. 1t is
thought by some authorities that these are the only
ganglion-cclls of the spinal cord which possess axis-
eylinder processes, and a direet conneetion with medul-
lated nerve-fibres.  In front of and in the anterior
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portion of the gelatinons sabstance in the posterior horn
is another column. At the root of the posterior horns
in the dorsal region there is still another eolumn of
ganglion-cells located near the posterior white col.
umns (Clarke’s column),  Arcund the central eanal or

Firzare
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its remains iz another ageregation of ganglion-cells.
The finely-branched ganglion nerve.cells of the poste-
rior horns possess no axis-eylinder processes, and
are in eommunication with the nervous network of
Gerlach only by means of their minute branches,

TRASIVERSE SECTION oF THE ARAT Srnstaxce of TRE Srixar Corp THRovan tos Mimoes of TiE Lesnas Examonsnst.—0n the left side of the Ggure grougs of

Iurgo eslls are seen ; on the right side, the souree of the QLees s shows wilboit ke colls,

In the cervical region of the cord a few ganglion-cells
are found in the white columnz adjoining the lateral
group of multipolar cellz in the anterior horns,
E‘Jlfﬁtdyi‘ﬂtl l’ﬂ"‘ fl’l".' CI‘T'F"'!.—JJLrUl]'I'ILI 1hl;!‘ CE,"I“F:LI ﬂ‘.ﬂnﬂt
nl" :hﬂ U’UTLI. lhﬂ ﬂﬂurﬂg]i:l t]f fi]ﬁ gT'i"l.}" :i.lli_'lﬂ.[ﬂlll:l]. bE'i-
comes a little more dense than elsewhere, and the
fibres of the reticulum have an arrangement peculiar
to this location. They follow three main directions.
Some are longitndinal, parallel with the axis of the
eanal; others are concentrie, and a few radiate per.
pendicular to the sarface of the canal. The radial
fibres are continnous with fine processes of ciliated
columnar epithelial cells which line the surface of
the central canal in a single layer. In the human
adult the eentral canal is rudimentary below the
cervical region of the cord, and is not patulous.
Thiz condensation of the neuroglia at the surface
of the eentral canal conztitutes the ependyma of the
eord.  The canalz and various ventricles of the brain
are lined by a similar tissue which is there also
known as the ependyma, and is invested by a single
]-f:_'l."l_'l" of eciliated eolumnar cells whose :ln;'-cp ends di-
vide into procezses which communicate with the neu-

Magmbfied 13 diameters. (After J. L. Clarke }
roglia-fibres, The particular arrangement of the
nerve-fibres and the nerve-cells of the cord will be
deseribed in the subsequent ehapters of this work.
Cortival or gray matier of the brain—In the cortex
of the brain the gray substance presents general
microscopic appearances which are peculiar to ir. It
seems to be arranged in several illy-defined lavers,
one passing almost insensibly, and by small grada.
tionz into those adjoining. Fig. 8, Plate XI., very

[ well reprezentz a view of the eortex of the human
| eerebrum as it appears when ordinarily prepared for

examination, but Fig. 58 gives a more intelligible dia-
gr:mun:Ltic sketch of the minute anatomy of the gray
matier l;;nu:r'mg a eerebral convoliution. Acuﬂl‘di'ﬂg
to Meynert, “speaking generally, the cortex presents
five laming (see Fig. 58). The first orsuperficial lamina
{1} is principally composed of an evenly punctated
non-nervous matriz, with a few small stellate cells,
and near its surface numerous fine varicose nerve-fibres
decussating in all direetions.  The second (2) is a layer
of close-set, small Py ramidal mrpum]m. The third (#)
15 a }a_vur of I;trge p:,'talniﬂul mr}:hmleﬁ, The fourth
(4) is a layer of small, close-set, irregular-ghaped cor-




NERVOUS TISBUE,
———
| form a beautiful fanlike structure.

pusclez: and the fifth (5) is a
layer of [usiform eorpuscles.

“The different parts of the
same hemisphere are connected,
first, by the numerous inter-
communicating progesses of the
cells, and zecomnd, by a system
of areuate-fibres (m, Fig. 55) of
different lengths lying imme-
diately inside the cortex.”

Lockhart Clarke difters some-
what from Meynert in his de-
seription of the general cortex
of the cerebrum. 1le recognizes
seven layers, and describes them
as follows :—

“Most of the convolutions,
when properly examined, may
be seen to consist of at least
seven distinet and  consentrie
layers of npervous substance,
which are alternately paler and
~ darker from the eirenmference
to the eentre. The laminated
structure  is  most  strongly
marked at the extremity of the
posterior lobe. In this situa-
tion all the nerve-eells are small,
but diffir considerably in shape,
and are much more abundant in
some layers than in others, In
the superficial laver, which is
pale, they are ronnd, owal, fusiform, and aogular,
but not numerous. The second amd darker layer
is dﬂﬂﬁﬂlj' crowded with cells of a similar kind, in
company with others that are pyriform and pyra-
midal, apd lie with their tapering ends either to.
wards the surface or parallel with it, in connection
with fibrez which run in corresponding directions.
The broader ends of the pyramidal eells give off two,
three, four, or more processes, which run partly
through the white axiz of the convolution, amnd
in part horizontally along the plane of the layer, 10
be continuaus, like those at the opposite ends of the
cells, with nerve.fibres running in different direetions.
The third layer is of 2 much paler color. It is crossed,
IIIII'I.'|.r-|3‘.'l31‘r &t righl .'Iltgh‘.:—] h_'j.’ narrow  ancd n‘;]m]g:n'ti_'.d
groups of small eells and noclei of the same general
appearance as those of the preceding layer, These
groups are Ei,'-l'!flr-'l'll!ll from each other |:J_1.' h11111]'1¢5 uf
fibres, radiating towards the surface from the central
white axis of the convolution, and twgether with tlicm

TRAXAPADRNT BRETION G5 A
Feepew op THE TRIRD Cix.
TRAL CodvoilFioNn oF Max,
Moderataly magabfed, 1. Lay.
of of sratbervil sminll earbeal
corpmacies. 3. Laver of clese.
ser, small, prramidal, corbeal
corpodcies. J Laverol lanze
rrramidal  corpueclos, 4
Larer of small,
irregnlarly shoped. cortbal
eorpaacles [pranule-like for-
miitanal, & Layer of fasifoss
ferligal eofpudcion. m. M
dallary layer, (Megmord)

Eligd -
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The fourth layer
alzo contains elongated groups of small cells and
nucled, radiating at right angles to its plane; but the
groups are broader, more regular, and, together with
the bundles of fibres between them, present a more
distinetly fanlike structure. The jifth layer is again
pa!er and somewhat white. Tt l;mﬂnins, |1uwcrerr
cellz and unclei which have a gmmra! resemblanee to
those of the preceding layers, but they exhibit only
& faintly radiating arrangement. The sicth and most
internal layer is reddish gray., Tt not only abounds
in cells like those already deseribed, but contains
others that are rather larger. It iz only lLere and
there the ecells are collected into elongated groups,
which give the appearance of radiations, On its
uneler side it gradually blends with the central white
axis of the convolution, mto which its cells are seat.
tered for some distance,

MThe serenth layer iz the eentral white stem or
axis of ihe convoletion. On every side it gives off
bundles of fibres, which diverge in all direciions, and
in a fanlike maoner towards the surface, through the
geveral gray layers,  As they pass between the elon.
gated and radiating groups of cells in the inner
gray layers, gome of them become continuous with
the processes of the cells in the same section or plane,
but others bend round and run horizontally, both in
a transverse and longitudinal direction {in reference
o lhe CONE TS of the cntire m:—m'rﬂulinn], and 'I'i'i!]'l
various ﬂ-::gn:l:s of :lh]iqlli'l_\.‘. While the bundies
themselves are by this means reduced in size, their
component fibres become finer in proportion as they
traverse the layvers towards the zurface, in conse.
fuence, aplmreull}', of branches which tiu'}r rive off
to be conmected with eells in their course, Those
which reach the outer gray layer are reduced to the
finest dimensions, and form a close network with
which the nuclei and cells are in connection.

“ Besides these fibres which diverge from the
eenteal white axis of the convolution, snoiler =et,
springing from the same source, converge or raiher
curve inwards from oppozite sides, to form arches
along zome of the gray lavers. These areiform fibires
run in different plancs—transversely. obliguely, and
lengitudinally—and appear to be partly continuous
with those of the diverging set which bend round, as
already stated, to follow a similar course.  All these
fibres establish an infinite number of eommunieations
in every direction, between different parts of each
1;:(111'..'-:1[111.'[-:111_. between different eonvol uti(:ns, and be-
tween these and the central white substance.”

The cerebro-spinal nerve-centres are enveloped by
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membranons structures, which will be cepecially con-
gidered hereafter. They carry the blood and lymph
to and from the nervous tissue. In the white and
gray substance of the eercbro-spinal centres, the
bloodvesszels of all sizes ran in ]:.'m}:nh-ul:i:l.u:n.'ls. The
b]nmi-ca]ji”arius of the brain are some of the smallest

in the whole organism. The capillary vessels are |

much more numerous in the gray than in the white
substance.

BPINAL NERVE-GANGLIA.

As is well known, the sensory roots of the spinal
nerves pass through a eollection of ganglion nerve-cells
before uniting with the anterior roots to form a nerve
of double function, In leaving the spinal marrow,
and passing out of the spinal canal, the nerves per-
forate the frail envelope of the cord without receiving
any part of it as a covering. In penetrating the
arachnoidal and the dural investment of the cond,
however, the roots of the spinal nerves receive fibres
from cach of these membranes, and are consequently
HIITTE]Ll'ﬂdL'd I}}" ATl .lL'l'I'H:r ar -:Ir:lﬂ]l'l]llillill EL]]{] an ouler
or dural ﬁhl‘.‘:lﬂl, which form I‘l‘:}‘:]n.'ul'.:i'k'ul_}' i z'«uimr.'l.q:l:-
noid and a subdural lymph-space around the nerve.
root, each entirely separated from the other; but
communicating freely with the corresponding space
IDF l.i'll;!‘ FIFi.I:I.:I.] EUH.I.. .-I'l:" ”I.¢ nerve-rools ]F:iFHHII FII:III].
unite to form the spinal nerve, the dural sheath le-

eomes continuous with, and is represented by, the
epineurium, while the arachnoid is represented by
the perineurinm,

The spinal ganglia are enveloped in fibrous tissune
arranged in 2 manner quite analogous to that of the
nerves, Groups of ganglion-cells are surrounded by
a laminated connective.tizsue identical in structure
and econtinuous with the perineurium of the nerve-
bundles. The ganglion is eompozed of a larger or
smaller number of such groups separated and held
together by a loose, tongh connective-tissue in which
small arteries and veins ramify. This represents the
epinearium of the nerves, and is continneus with it
The ganglion-cells constituting a group are separated
from each other by a variable amount of delicate,
locse connective-tissue very similar to the endoneu-
rium separating the individual fibres of the nerve-
bundles which penctrate between the ganglion-cells
of a group. In this endoneurium capillary blood-
vessels course, and single nerve-fibres or groups of
medullated and non-medullated fibres run between
the an glion-cells,

Fanglion-cells —The ganglion nerve-cells are coms
paratively large, and of divers sizes and forms. The
prevalent form is that of an oval or somewhat pear-
shaped body, with one, rarely two or more processes.
This large nerve-cell contains one large spherical,
generally exeentric, nueleus, eontaining one or more
refractile nueleoli. The nueleus iz enveloped in a

EXPLANATION OF PLATE XI.

Fig. 1. Represents half of a transverse section of the spinal
cord of Man in the lumbar region.
ment.

S, The anterior median fizsure 3 7, the posterior median

Very slight enlarge.

fizsure ; o, the remains of the central canal lined with colum-
nar epithelium, and located in the gray commissure. In
fromt of the latter is seen the decussation of the white fibres
of the eommizsure ; ¢, the anterior horn of the gray matter ;
a, bands of nerve-filres jszuing from the anterior horn to
form the anterior root of a spinal nerve; &, posterior root
issuing in a single band from the gray matter of the pos.
terior horn ; m, the lateral tract; ¢ the posterior radical
traet ; , the column of Goll; the fibres of the two latter
together form the posterior column.

Fig. 2. Tromzverse section of a portion of the external an-
terior bornder of the gray matter of an anterior horn of
the spinal eord of Man, Highly magnified.

e, Cross-sections of muodullated nervesfibres of the adjoin-

ing white substance ; o, nuelei of the nearoglin of the pray
matter ; o, §, nerve-fibres ronming in the gy matier; a
multipolar ganglion-cell, fincly strinted, is seen imbedded in
the gray substance ; within the manglion-cell a large vesicular
nuclens containing a nucleclus is distinetly visible.

Fig. 3. Vertienl zection of the cortex of a eerchral convolu-
tion of Man. Medinm enlargement,

a, Cortical layer in which the prevalent direction of the
connective-tisaue or neonroglin-fibres i2 parallel to the sur-
faces; b, layer of small club.shaped nervescells ; g, layer of
larger club-shaped neeve-cells; e, eapillary bloodvessels.

! Fig. 4. A surface view of a fibrous lamella of the cornea alter
treatment with silver niteate.  High power.
I, 5, Lymph-spaces ; #, a corneal neeve-bo nale ensheathd
in o covering of endotheliol cell-plates.
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double-contourcd membrane, and contains an intra- | straight axis-eylinder process similar to that of the

nuclear network, in communication with an intra-cel-
lular network in the body of the cell. This intra-ecl-

lular network continues into the process.  The latter |

may be regarded as an weis-cylinder process. The
ganglion-cell is enveloped by a thin homogencous
membrane or capsule, which iz eontinuous with the
neurilemma or sheath of Schwann of the nerve-fibre
with which it is conneeted. The enveloping mem-
branc of the ganglion-cell is lined by granular, flat-
tened, somewhat polyhedral cells.  They are analo-

Fig. 5.

Kenve-CELia PEOY THE Gasspriax Garortox or ¥oE [Iomix Srpaper.—
a. & globilar one wiih dedaed border. % lis amclégs, & [ts pucleolss, o
Camdate ecll, o Blomgated cell with iwo greups of plgmesi-pariicies, £
Coll nurronniled by it sheath or enprule of nacliated badlow, g, The saee,
i sheath only being in forns, Mapsifed 30 diamctorn. (@)

gous with the nerve-corpuscles of the medullary
sheath of a nerve. The panglion-cell usually fills the
space formed by the enveloping membrane. 1t [re-
quently contains a small number of yellowish or dark-
brown pigment-granules in some portions of the cell-
body. Instead of the ganglion-cell being unipolar,
it may be bipolar or even multipolar.

.-'1-1|Il p

ErereriikE oF Gaxewrsdse SERVECELL—A. Accanlizg to Dr. Beale: o,
sirnight procces | &, spinsl Bbre. B, Accordlug fo Armold. Highly megsised.

A, Pig. 80, represents, according to Beale, a pecu-
liar form of bipolar glanglion-cell not infrequently
found in the spinal ganglia of frogs, and oceasionally
met with among mammals. It differs from the last-
described unipolar eells by having, in addition to a

12

common unipolar cell, a smaller branch which winds
more or less spirally around the larger straight pro.
cess until it has passed a linle distance from the body
of the eell, when it leaves the straight process and
turns to pursue an opposite direction, The spiral
turns are entirely within the common membranous
envelope of the cell. The straight process proceeds
on its eourse without acquiring a medullary sheath,
while the spiral-fibre soon becomes ensheathed in a
medullary evlinder, Within the ganglia the nerve-
fibres arising from the ganglion-cells are generally
gray, gelatinous fibres without a medullary sheath ; the
latter, nevertheless, they may or may not subzequently
acquire, The bundles of nerve-fibres which pass into
a group of ganglicn-cells spread out and wind around
among the cells to emerge again after losing some
fibres and gaining others, ultimately to end in their
final distributions.

EYMPATHETIC NERVE-GANGLIA,

The larger ganglia of the sympathetic nervous
svstem do not essentially differ from the spinal gan.
glia, either in their general plan of construction or in

Mrewoacsrie GamiLioy pres Hessy oF vHE Froe,  [Steéelaor)

the character of their ganglion-cells. They need not
be more particularly mentioned here,

Along the course of the sympathetic nerves are
found single p’angﬁnn&‘. cells and isolated small gronps
of cells, constituting simple micraseapide granglia. Thess
microseopic g:mg]'ul. and isolated ganglion-cells are of
guite frequent oceurrence in the nervous plexuses
supplying involuntary museles, as, for instance, the
unstriped musclez of the intestine, the walls of blomd-
vessels, and the heart.  The ganglion-cells are usually
loeated at or near the nodal points of the nervous net-
work, the larger groups being found in the ground-
plexug, or compound bundles of non-medullated free
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axis-cylinders contained wiihin a delicate perineural | aetion of musele-fitires which sometimes appertain to

sheath. The cells are within the perineurium and
among the nervefibrils with some of which they are
continuous. The smallest groups and isolated cells

Birocan Gaxarroxie CELLE aNs NERVE-FIDEES FROM THE GANALION OF
Frern Parn ow vine Lavresy, (Frey)

are also sometimes sitnated in the grr:uaw‘lrph‘.xu& but
tlm_}" are fruql|e1lf-1}' located at the noedal 'E:Il:}i.:ll.“}'r of
the smaller compound bundles of free axis-cylinders,
These ganglion-cells are found te present the same
general charaeters as those of the large sympathetie
ganglia, and need not be more particnlarly dwelt
upon. They are very frequently loaded with dark
pigment-granules.

THE LYMPHATIC SYSTEM.

The lymphatic is the most extensive system of the
organizsm, and one of the most important. It is
mainly by the way of the lymph that the nutritive
supply from the blood ultimately reaches the mor-
I'rhi}]ﬂgi.l:ﬂl l.:]l,:fl'll:]lh‘i uf 1.h1.! 1.i.H!-TuEh'. ft:r Url].}" Y ‘I."!\_t]"J,"
small pmpnrlim] of the latter are hruught into direct
ontact 1.1."i'r|| l'|1¢ h]umi-c;:lr;i]['.‘trh:.-‘, TI'hru'r:: is a o
stant exudation of the fluids of the blood throogh the
delicate walls of its vessels into the neighboring
lymph-spaces, and there is an incessant flow from the
latter towards the collecting trunks of the lymphatic
system. It is entirely by the overflow from the
blood that the tissues of the 1:«.»{]_1.' are ir]‘i[_::llud, In
comparizon to the velocity of the blood, the lymph-
cirrent is l:xt]'l_'hll_‘t}' Slllggi:-xh. It is imlu_*.-]]ed pl'il.‘-.k:i-
pally by a wis d tergo—the slow cozing from the blood.
vessels caused by the centrifugal pressure npon their
wallz through the impetuous rush of the blood-tor-
rent. It is aided by the pressure of surrounding
parts in movement, and to some extent also by the

the lymphatic system. This bread though sluggish
stream has been very aptly denominated a supplement
of the blood-eirenlation,

The lymph flows in channels which are variously
related to each other, and to the different components
of the organism. Their structure and their relations
to each other will be first considered.

The lymph-passages comprise large and small
trunks, into which eapillaries empty, and which, in
their turn, receive lymph from the adjacent inter-
stiees of the tissues the latter being either small
lymph-spaces, as the lymph canalicular system of
von Recklinghausen, or large lymph.cavities like the
peritoneal, the plenral, the pericardial, the arachnoid,
ete.  Along the course of the lymph-eurrent are in-
terposed numerons ageregations of a peeuliar reticulor
digsue.  The most complex arrangement of this pecu.
liar tissue into special organs is found in the so-called
compound lymphatic glands, such as those of the
axilla, the groin, the mesentery.

Large lymph-vessels.—The largest bymphatic trunks
consist of a wall of some thickness and complexity of
structure., This wall is very similar to that of veina,
It is composed of three coats—an external, middle,
and internal, which are respectively known as the
tunica adventitia, the tunica media, the tunica intima.
The internal coat is very thin and delicate, consisting
of an inner layer of endothelial plates similar to those
of veins; of an external layer of longitudinal connec-
tive fibrez and a few elastic fibres: and of a middle
layer of a few stellate, flattened corpuscles. The
tuniea media containg a few cirenlar, smooth muosenlar
fibres. The tunica adventitia is composed of a feeble
netwmk, muiu]y ]l‘.‘l:l'l;;iﬂldilﬂ'ﬂ, of fibroug bundles in-
terspersed with a few elastic fibres, also united into a
I'|1_,!t1'|.'|':l]"]'{.. ‘!-'-:lﬁ:l. Vasorum Hlld TErysE vasorum run
in the tunica adventitia, and ramify in the tunica
media,

Small lymph-vessels —The smaller trunks have ex-
tm:ne]}' delicate walls: the latter are reduced to a
simple endothelial lining of the lymph-channel. By
their wall simply they are often not distinguishable
from the lymph.capillavies. When empty, in conge-
quence of the flabhiness of their wallz, they are com.-
pletely collapsed, and their eross-section appears as a
mere slit in the tisswes. When distended, these
smaller lymphatic trunks are more or less cylindrical
in form.

Valves.—Lymphatie trunks are distinguished by
the presence of valves at frequent intervale.  The
valves often constitute the ul||._1.' distinetion between

ra—
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small trunks and capillarics. They consist of folds of
the tunica intima projeeting into the lnmen of the ves.
sel, usually in the shape of two hemispherical sacs,
which rest lightly against the wall of the vessel, ex.
cept when the lymph attempts to flow backwards.
Then they project into the lumen until the opposite
sacks meet and form a kind of lymph-sac. At the
location of these valves there iz a slight bulging out-
ward of the lymphatic walls. Such ampullar en-
largements along the lymphatic trunks are very
prominent when the vessels have been artificially in-
jected. In the small lymph-trunks the lining endo-
thelia usually have somewhat the outline of a long
lozenge, with slightly siouous edges. The zmaller
lymph-trunks sometimes anastomose with each other,
and form a plexus,

Lymph-capillarics—The small lymphatic trunks
communicate with plexuses of lymph-capillaries.
Lymph-eapillaries are channels through the tissues,
with walls poszsessing a :-iimlﬂu endothelial lining
of broad, sinuousz.edged cells, and with outlines ex.

tl‘ﬂt‘:l(‘.]f 'I."H.rj.i:d. II.J.“l'li:'ifl' Luil'“‘“.r LV ".'I.']JEH "‘II”.r mﬂ}'
Unlike the
capillary bloodvessels, which they enormously exceed
in size (fig. 3, Plate VIL), they are frequently larger
than the trunks inte which they empty. Their zencral
direction and their form are very considerably influ-
enced by the arrangement of the tissues among which
they lie.

Until the investigations of von Recklinghausen,
Elein, Axel Key, Retziug, and others, in recent years
threw a flood of light upon the subject, lvmph-capil-
laries were considered to be the ultimate ramifications
of the !J.rl:ulﬂl:ltiq; system,

Lymph-canalicular system.—Von Recklinghansen
demonstrated a conneetion between the small irregu.
| lar plasmatic spaces, existing in the albuminoid, semi.

fluid cement, in which the connective-tissuc fibres are

imbedded, and the lymphatic capillaries, These ir-
regular spaces, with their eanalicular branches and the
conuective-tizsue cells which they frequently contain,
| von Recklinghausen described as a lymph canolicular

be oval, slit-like, ampullar, or jageed,

Coraei oF Tne PEad TEEATED Wite wosam <avsdne, highly megalfed —a.

&. Branchol channels, which connect the lnoose of the canalicolar ayates

system (Fig. 63), and recognized as the ultimate radicles
of the lymphatie vessels. By their branching canali.
culi these lymph-spaces intercommunicate with one
another, and those nearest the |.','I|||}h--’_‘:|E|i'|].-tr_1.- o
into the latier. Thess minate ]}‘III'III-EEJLL{!HH among the
tissues normally may contain, as we have already seen,

one or more flattened connective-tissue corpuscles |

usually applied to one side of the space. They

have no other endothelial lining, In those spaces |

directly communicating with a lymph-eapillary, the
gonnectivetissue corpusels, by one of its processes, is

In ane place & hramcked dxttened corneal oarpascls with

Canalienlar ayeieme
e mnelond is soon | i gws sther placos noelel, ¢, of corneal corpuscles, and, o, migrarieg or wanderisg eolls, ars gecn (o tke lacune of the capalienlsr system.

[ Carpenter.)

often eomtinuous with an endothelial plate lining the

capillary. The point of communication of a lymph-
| canaliculus with the lumen of a lymph-capillary eor-

reaponds to an opening between the edges of the
endothelivm—a stome,  The lymph-sprees are of
ex;re:llw.]_\' variahle size and form. Sometiunes stellate,
sometimes slit-shaped, sometimes more or lesz cylin-
| drical, they are moulded by the direction of the
fibrous bundles, membranes, or other tissues in
which they are imbedded. There are in different
portions of the bady all pradations in size and form
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between minute, more or less stellate Iymph-spaces
and genuine large lymph-cavitics, whose surfaces
are covered with a l.‘bt’:-ulp]th,‘. endothelial iiuing. Sl
like spaces are frequently found, particularly in

. laminated fibrous membranes, lined only on one side |

with a complete endothelial layer.

Relations of the lympl-canalicular systere wilh Ty -
eapillaries and serous ecovities —The scrous cavities
have already been described.
hand, in eommunication with the lymph-spaces or
lymph-canalicular system adjoining them, and, on the
other hand, throagh the mediation of lymph-capilla.
ries, are [iimul]j continuous with I.!,rmph:u.ic trunks.
Von Recklinghausen first demonstrated the commu-
nication between the eavity of the peritoneum and
lymphatie trunks of the diaphragm, but we owe our
most positive knowledge of the anatomy of the
lymphatie system of the abdominal and thoracic cavi-
ties to the valuable and painstaking labor of Klein.

According to Klein, the peritoneal surface of the
eentram tendinenm of the diaphragm is covered by
an endothelial lining, whose cells have not all the
same character and arrangement. The great majority
of the endothelia are ordinary, thin, elastic cell-
]"i“t“sr with H]ig]lLJ}f ginuous outlines, and flat, oval
At intervals over this surface are clumps
of smaller, polyhedral granular cells (germinating
endothelin), with sometimes two and even a greater
number of nuelel.  These small collections of germi.
nating endothelia surround a small hole in the serous
The holes are known as frue slomala, in
contradistinetion to certain small groups of similar
germinating endothelia { psewdo-stomate) in which no
hole is apparent (fig. 1, Plate I). The centrum
tendineum consists of two general layers of fibrous
In the lower, or peritoneal layer, the
bundles have a direction radiating from the centre
of the aponeurosis. In the upper, or pleural layer,
the fibrous bundles are concentric.  Between the
fibrouz bundles of cach of these apanearotic layers
is a system of lymph-capillaries. Their main diree.
tion is, of course, the same as that of the fibrous
bundles between which they ran. The capillaries of
the same layer occasionally anastomose with their
neighbors by lateral branches, and the two systems
also intercommunicate by vertical canals running from
o In}'s:r to the other. Now, the above-mentioned
slomala vere are loeated upon the peritoneal surfaece,

I'Ilii.!] l!ll.

surlace.

I}I 1l |.l..‘."-‘~,

over the spaces between the radiating fibrons bundles |

of the lower i:L_','l:r, 'l"l:u::." CPCT into supcrﬁui::l, small,

vertical canals, which lead into the nearest ]}'rnph.'ltiu |

capillariecs,. Upon the plearal surface of the dia-

‘l.‘hl..'}" ke, O I.].Il.'i e |

| pliragm, over the interspaces between the concentric
| fibroms bundles of the upper aponeurotic layer, are
| also numbers of stomata vera. These latter open
by short vertical lymph-channels into a superficial
plexus of lymphatic trunks between the basement-
membrane of the diaphragmatic pleura and the cen-
trum tendineum. This superficial plexus of lymph-
| atic trunks is provided with numerous valves, Itisin
communication below with the lymphatic capillaries
of the upper layer of the tendon of the diaphragm,
| and, as a consequence, with the cavity of the perito.

neam.  The lymph which reaches the subpleural

plexus of lymphatic trunks iz conducted by two dif-

ferent ways into the general circulation. Ovwer the
| anterior two-thirdz of the upper surface of the dia-
phragm, the lymph is drained off by two main trunks,
one for each Ei:il.]cr which pass forward to the anterior
wall of the chest, and ascend behind the sternum as
far as the manubrium, where each enters a lymphatic
gland. The lymph of the posterior third of the above
plexus iz eonveyed by means of two main short
trunks directly into the thoracie duct. The move.
menta of r{'.l'-pir:ﬂim: canse this diaphiragmatic system
of lymphatics to aet somewhat as a pump in draining
the peritoneal cavity.

Lymphatie system of wmuseles—In the aponearotic
sheath of mnoscles it has been found that the innper
and outer layers each possess a system of lymph-
capillaries which bear much the same relation to
each other as do those of the diaphragm. The outer
plexus of lymphatic capillaries iz drained by lymph-
trunks with numerous valves, The lymph-eapillaries
and lymph-spaces of the endomysinm are in commu-
nication, on the one hand, with the lymph-cylinders
surrounding the ultimate or primary muscle-fibre,
and, on the other hand, with the lymph-passages of
the perimysium.

Commenicalions of the cerelro-spinal cavities.—The
large serous cavities of the cercbro-spinal axis have
varions ramifieations and conneetions, The space
between the encephalon and the inner surface of the
dura mater is a donble serous eavity. The one part
of this eavity is scparated from the other by a deli-
cate partition—the arachnoid. The space between
the dura mater and the arachnoid has been termed
the subdural cavity; while that between the arach-
noid and the intima pia has been named the sweb.
arachnoid eavity of the eranium. It i= claimed that
the one has no communieation with the other. Some
anthors recognize also a third general lymph-space
| existing between the pia mater and the cerebral
| snbstance.
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Between the coverings of the spinal cord there are |

also corresponding lymph-cavities, which are sepa.
rated from each other by the arachnoid, namely, the
subdural and the subarachnoid cavities of the cord,
They freely communicate with the corresponding
cavities of the brain, The external surface of the
dura is covered with endothelium, as are also the
surfaces of the large lymph-spaces of the cerebro-
spinal nervous system.

The subarachnoid cavity of the brain commumni-
cates with the wventricles of the eercbrum. The
bloodvessels from the araehnoid praass lhrc}ugll the
pia into the brain, taking a lamina of the arachuoid

. with them as a sheath (the perivascular sheath), the
lymph-spaces of which are in communication with
the subarachnoid space. The perivascular sheath of
the smallest vessels is a simple layer of endothelium,
partially lining a perivascular lymph.channel, whose
wall is simply the surrounding newrozlia. The lymph
leaks ount through this porous wall and pereolates
among the minute meshes of the neuroglia-fibres to
reach the pericellular lymph-spaces surrounding the
ganglion-cells of the gray sobstance and the peri.
Sibwitlar lymph-spaces existing between the neuroglia
and the bare medullated nerve.fibres of the white
substance.  In this manper the ganglion-cells and
the nerve-fibres of the cerebrum are brought into
communication with the subarachnoid lymph-cavity
of the cerebrum,

An essentially similar arrangement of the lymph- |

circulation exists in the spisal cord.

Lymphaties of the spinel werves, —While considering
the minute anatomy of the spinal ganglia, oceasion
was taken to refer to the continnation of the subdural
and subarachnoid cavities of the cord inte the spinal
nerves: the subarachooid being continnons with the
perineural lymph-space of the nerve; the subdural
communieating with the epineural lymph.spaces,
The endovearinm between the individual nerve-fibres
eontains lymph which on one side communicates with
spHIees aronnd the nerve-fibrea—on the other with the
subperinenral space.  The eramial nerves have a
|_\-|||En'h.cimuiminn similar to that of the spinal nerves,
In the :qjilm] ;.:mlglin thiie {,'[1i111111r=|1 andl the iu‘filluural
Iy mph-spaces communieate with corresponding spaces
of the cord and of the nerve to which they are
attached.

Lymphaties of Moodvessele, —The bloodvessels of
large size generally possess two systems of lymphat-
ics—one for the tunica intima and one for the two
outer tunies, Fig. 2, Plate X11., represents the lymph.-
canalienlar system of the middle or connective-tizsne

laver of the tunica intima of a large arterial trunk.
The tunica adventitia is pre-eminently a trabeculated
peri-vasenlar lymph-space which is in free commu-
pication with lymph-spaces scattered through the
tunica media, Besides the lymph-spaces in the tunica
adventitia, the vessel may be partially or completely
ensheathed by a perivascular lymph-space (fig. 1,
FPlatz XIL.), or be surrounded by a dense plexus of
lymph-vessels.

These |:-,-ri1.*:3mu]nr ]Flnlﬂl:liimt |'1'|:r|u(é111'|11|.+ COMIMms
nicate with the lymph.canalicular system of the tissue
through which they pass. Fig. 1, Plate XII, shows
a capillary bloodvessel having such a relation to the
lymph spaces of the surrounding tissue. A, fig. 3,
Plate XIL, iz a faithful reproduction of a small branch
of a pulmonary artery, e, and an accompanying
1:,‘“11)]1:11111: cap':l‘..-.ry‘ -E-II which COImm Ll!l'lif_:um.t '|.|.'il|: l|:|vu
lymph.canalicular spaces, ¢, in the inter-alveolar septa,
B, same figure, pives a surface view of the imter-
alveolar lymph-spaces,

Lymphatics of bones.—In bones the lymph-canalie-
| olar system is represented by the bonme.corpuscles.
By their canalieuli, these lymph.spaces freely open
into the lymphatie capillaries of the Haversian canals,
The Haversian Iymph-vessels accompany or more or
less completely ensheathe, as perivaseular lymphatics,
the bloodveszels of these eanals, and in their tnrn
[ communieate with the lymph-vessels of the peri-
| osteum,
|

Lywmphatics of eavtilages—Cartilage also possesses
a canalicular lymphatic system which direetly empties
into the lymphaties of the perichondrium, The ex-
l}ﬂnsjl:lns ﬂr tlll} 1}']“}J]l'ﬂ!ﬂﬂii““l:l]' }i}'ﬁil:l]l ':.I'f fﬂrlitﬂg‘l'
are the cartilage capsules. :

Lyﬂuaﬁuh'q_:s q.i" Ff;f!.l're'.l'iqf sfruciyres,— Mot -UII!".' is the
lymph-canalicular system of von Recklinghausen in
direct open communication with lymph-canals and
cavities as above stated, but, according 1o Thoma,
Arnold, and others, the interecllular eenent between
the p]pitl:e'lin of the skin, mueous membranes, and
glands, and between the endothelia lining the lumen
of blomlvessels, is often continnous with the contenta
of neighboring lymph-gpaces, and should in such cases
be regarded as a projection of the lymph-canalieular
system. In this intercellular cement, cireulation is
generally very slow, but nevertheless quite manifest.
It is through these channels that minute solid par-
ticles enter the submueous lymphaticz of the air-
passages and the interalveolar lymph-spaces of the
air-vesicles of the lungs. The probability that the
minute molecules of the ehyle reach the ecapillary
| lacteals of the villi in a similar manner, and that for.
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eign particles injected into the blood pass out between
the cells of the excreting glands, has already been
alluded o,

LYMPHATIC GLANDS.

Lymph-glandz and allied retienlar or lympheid
tiszues, important parts of the great lymphatie
ﬁ_‘r':-.?[i.!lll1 _'\"l?t n.‘-]rl:lil] 1o I:H' lj{ll].‘ii:l:]{!h'.l].

Lymiph-glands are more or less complex organs
implanted in the course of lymphatic trunks, and

nppareutl}r :lusiglmd for the elaboration of some of

the colorless elements of the lymph. They may
congist of simple izolated lymph-follicles, or of an
aggregation of them. Sinee a large lymph-gland iz
practically nothing more than a peenliarly-arranged
aggregation of simple lymph-follicles; a single de-
Sdijllr.illll must .I.!‘l!‘fl.} Hllmw.

Lj‘m]jla-ghn-:].-:, such az those of the axilla or mes-
entery, are more or less ovoid in shape. They are

Fig. 4.

BEcTIng oF sMALL LYMPoATIC GLAND, MALF DIAGRAMMATIEALLY GIFEN, WITH
THE COURSE oF THE Lvari —. The envelope, B Eepin between the fallicles
oralvesll of the eortbeal part. e, System of sepla of the medullary portion,
down to the hilus. o The folileles. ¢ Lymph-cords of the medullary mass.
F. Afferant lymph-vessols, tho diferoal Iymphatic stroams from which surronnd

iho fallicles, and Sow throsgh the lnterstioes of the medoellary. portion, g, Con- |

Burnes of these te pass through the eferent vessel [fe) ot tho Bilas,  (Freg.)

enveloped by a capsule (Fig. 64), which gencrally
consists of two layers: an outer layer of loose con-
nestive-tissue, and an inner lamellated !:lI'I.'L'r of dense
fibrous tissue. :'Lrlm:lg the fibrous bundles of these
two layers are, in some animals, a variable number
of smooth muscle-fibres.  Upon one gide of the gland

two or more large lymphatic trunks, which convey

examination of longitudinal section of the gland made
from the convex surface towards the hilug, the see
tion appears unevenly colored and somewhat mot-
tled. The central third is of a deeper red, and seems
more homogencous, while the outer border is lighter
colored and is mottled. The inner is the medullary,
the onter iz the cortical portion of the gland. The
minute anatomy of the organ is somewhat different
in these iwo regioms,  From the inner surface of the
dense lamellated inner layer of the capsule, membra-
nous partitions or septa (b, Fiz. 64) project inwards in
such a manner a2 to form in the cortical layer a series
of honeycomb-like compartments, which, in conse-
quence of the fact that the dividing septa converge
towards the centre of the gland, are more or less
conical with the bases outward. When these septa
reach the medullary aren, they break up into a Iarge
number of thinner or thicker bands or trabeculs,
'l'l-'l]iﬂ]l lr]‘.'mr::il !lI:H] anastomose w'i.Th e ﬂnﬂlhﬂr L]
as to form a loosge, sponge-like network., The meshes
of thiz medullary inter-trabecular network communi-
eate with each other and with the conical compart.
ment of the eortical layer. The membranons sepia
between these eompartments are often incomplete.

The eonieal com partmen s of the ¢ﬁl‘!i¢;1]r ar fol-
livwlar foger, a5 it has been ealled, are more or less
l:l')ln]'_l]l}tl_‘,]l}' ﬁ”L‘!ll b}" i 1*:[]'1?5]]2[;}{'!1 L"‘@".li!:l[ ITIEES, fhl]
go-called follicle (v, Fig, 64). At the border of the me-
dullary portion of the gland this cellular mass tapers
down to a narrow stem, which passes into the inter-
trabeenlar spaces, and becomes a medullary eylinder,
or cord (e, Fig. 64). In the medullary portion of the
gland the medullary eylinders branch and anastomose
in a complex manner to form an irregular network
of cellular eylinders.

The cortical follicles and the medullary cylinders

| consist of a retieular or adenoid tissue iu:r:m;:ilml by

the lymph to the gland (afferent vessels), enter the |

outer layer of the eapsule and ramify therein to form
a dense plexus.  The afferent tranks are sapplied
with eircalar museular fibres in their middle tunie,
amd with numerons valves, At the n]:]r-:e—:i!l;,t side or
hilus of the gland a number of small vessels unite to
form a large trunk which receives the lymph from
the gland and conveys it off (#he efferent vessel).  Upon

| ]"il_'!.h l]ﬁt“’ﬁrk nl" Illmnl-{::tp“lrl'rjuﬁ. 'r1||’.‘1|’ 1.[(} nok
entirely fill the spaces in which they lie, but are
separated from the septa of the cortex, and the tra-
becule of the medullary portion by a lymphe-sinus of
considerable size. The lymph-sinuses surrounding
the ecortieal follicles are continuous with those which
surround the medullary cylinders. The afferent
lymph-vessels ramifying in the eapsule, as above
deseribed, penetrate the inner laminated layer of the

| capsule and open freely into the cortical lymph-

sinuses. The efferent lymphatic trunks (g7, &, Fig.

| 64} of the hilus directly communicate with the

lymph-sinuses enveloping the medullary eylinders.
The free course of the lymph is, therefore, from the

| afferent vessels of the capsule into the eortical peri-




THE LYMPHATIC BSYSTEM, 1
e e

follicular sinmses, thence through the medullary
sinuses into the collecting trunks which empty into
the efferent vessels emerging from the hilus,

The flow of the lymph through these sinuses is
greatly impeded by innumerable fine fibres united
into a network which crosses the space from the
follicles to the septa in the cortical region, and from
the medullary cylinders to the trabecula: in the
medullary portion (¢, Fig. 63). The fibres of this

Flg. 66,

Forfins® oF THE MERTELARY IFEATAMEE oF TAc MEscateRic Oraxnar 4%
g —=The artery injected wiith ehromate of lead, Highly magoiied, o, Medul.
Lary eylinder with caplllary petwork. finn relicalum of eenaoelivofiven, sad
a fow Ipmph.cospusclon. &, & Superieial Iymph.path or medullary sisus tras
wereed avearywhors by & tetlombum of nuelonted oells, This retloulum has bes
repraasnbed anlyal ¢ Wk semafens o i img pral: The Iymph-
cofpiiclos have for the most pars been removed with & coomel's<hair biresh.
., of. Trabooule, composed almost oxclusively of mesiriped mosculsr (sae
A small medollary csad er Bridge, contsiviog a blendvessel and numersas
Lymph-eofpuseles, Is shown at the left of ihe Sgare 35 springing from the me
dailary crlinder. (Sricker.)

tHoss

retieulum are hyaline, and present every variation in
shape from the flattened band 1o the eylinder. At
their nodal points they slightly enlarge, and very
frequently a flattened oval nuclens iz scen at these
enlargements, The reticulum econsequently appears
to be formed by a petwork of large stellate eells re-
sembling branched connective-tissue corpuscles, But
in the adult tissue this iz an illegion. The nuclei be-
long to flat emdothelial plates which elosely invest
the fibres of the retienlum, Every part of the surfaee
of the lympl-sinuses above deseribed iz lined with a
complete layer of endothelial platez.  They cover the
reticular partitions as well as the septa and trabeculs
on the one side, and the surface of the follicles and
eylinders on the other,

Each of the coarse meshes of this reticulumn in the

P e

lymph-zinus containg two or more lymph-corpuscles
which quite fill it

The cortieal follicles and the medullary eylinders
have the same constitution. They consist of a
retioulum of a construction very similar to that of
the lymph-sinuges.  Buot the fibrez which form it are
very much more delicate, and the meshes are much
smaller. At some of the nodal ]mint:-j of this reticulim
a flattened ovoid nucleus may be =een, As in the
former case, these fattencd nuelel belong to endo.
thelial plates resting upon the fibres.  In the follicles
and eylinders, however, the surfaces of the reticulum
are not completely covered with endothelial cells.
The small meshes of this reticulum are closely packed
with one, two, or more lymph-corpuscles which are
usually of the smallest size, consisting of a large
round nuecleus surrounded by a minimum amount of
gell-protoplasm.  They are sapposed to be young
developing lymph-eells,

The fine reticulam of the follicles and eylinders
is permeated by a rich network of eapillary bload-
vessels (Fig. 65).  The walls of these capillaries are
enveloped by and eonneeted with the fibres of the
retieuluin (fg. 6, Plate Y1)

Besides a lymph-current in the sinuses from the
afferent towards the efferent vessels, there is also o
current in the follicles and cylinders setting outwarnds
from the blood-eapillaries towards the surrounding
Imri follicular and Em.-ri-:_}']indr]unl sinmees.  The latter
current, nidel,l E,I-.'!." ﬂlq; ameboid movements of ‘thu
uu]ls' wazhes the |:,'In]:]1-1;ut‘fnr:u;11::-‘i from the follicles

Fig. 66,

1. Rericruas Tisser, from & Ivmplold fallicle of the sermifom appeailiz
af tho rabhiy, whh ehe syatem of meshes, apd femaiss of e I¥aph-eclls g
Aein of ihie Inteer have besn romoved srifeially. & Lwm ks vesssl 8.
Lamgitudinnl sectisn of 3 Lishorkghn's gland, showing the rurreusdiog metic
Ta ke meshes of this ares seem the lymph-cells a. & Lames of
[ P

ular fhasei.
& vaseel. e Lames of the glanil.

and erlinders ot into the surrounding sinuses, and
the current in the latter Guoally earries the eells into
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the efferent vessels.  The meshes of the reticulum of | the capillaries ol this tissue run in the septa and
tI!l_! .‘iiltllziﬂ.’.‘il {I.]'H.] ij}i]}l:l'i}l“}' tllﬂ.‘i{! "r l]l!; ﬁ}“il'.]l.‘.!i :tllll | tr.'!l_l‘_“l]ltri_’l,'!,

{:}'Ih I.I.ii.jl'!i., aAre S0 !Hlﬂ]\'.l‘.l.i '|'|'i.1.-h ]_:lf II]II]!-I:(JTPI]:H;]H& |.I|L:L1‘.|

in sectionsg urﬂiu:n'il}' !'-ﬂrrr.'muL nothing can be scen Feticular iszue {adenoid tizsue of Iis) iz a 1y mphoid
h'l]t th(‘_ I:_'I'U“"d UF L‘,{:”F, I]1 f:l]'dﬂr thlll I']tﬂ rUL;l'.'ll.lll 1.i.ﬁﬁl“'! 1.'|'|'IEEII I'l:,'ls ils pﬂrrﬂcl tJ‘IK_: il] thc struciure Uf
may become visible, it is necessary to gently pencil | the follicles and medullary eylinders of lymph-glands.
the sections with a camels-hair brush or to persist- | It is, thercfore, unnecessary to describe it more par.
ently shake them in a fluid medium,.  When this pro- | tienlarly in this place. It is present in a diffuse form
cedure iz successful, a thin section of the medullary | in the mueous membrane of the intestine and of other
portions presents a picture very well reproduced in | localities. Tt is met with in gerous eavities in the
Fig. 66. form of patches and cords of variable extent, and it
The arterioles and venules which communicate with | is found in numerous other localitics,

EXPLANATION OF PLATE XII.

Fig. 1. A silver preparation of a pencillad omentom of a | freely intercommunicate, and are separated Grom one anotler
Rallit, showing relations of blood- and lympl-vessels. | by the ground-sabstanee, g.

High power.  { After Klein) |
o A venule Gilled with I,Illﬁ:lli-d_'ﬂrjlll.‘l.:]l'ﬁ; the venole g'u':_-: ! Fif,:"l. 3. . From a section of a L;qﬁnl-n.l:ﬁg';; ]1:|'|p_-‘ whitel il
off eapillary branches ; 7, lymplatie eapillary, invaginating been injected with silver nitee, showing the relations

of blood amd Iymphevessels.  High power.
a, Branel of pulmonary artery ; £, lympli-vessel lined with
of the lymph-vessels in some places communicating with the | endothelial plates, and in connection with the Iymph-canali-
neighboring Iympli-spaces. culur system or inter-alveslar lympli-spaees, e, of the walls of
the alveoli.

the Bloodvesselz, and lined with endothelinm, ilhe outlines of
which are muapped out by the seerated dark lines ; 5, hranehes

Fig. 2. Intcenal funic of ihe Homoan aoria, treated with sil-
ver.  High power,  (After Langhans,)

£ Bame lnng, showing ihe inter-alveolar lymphi-spaces,
in surface.  (After Klein.)

ey Superficial lymph-spaces ; &, deeper lympli-spaces ; buih
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T be completed i Six Sections, confaining aboul 50 pages af fetter-press, ffivsfrated with 380 figpres on rog plates, many of oiich are
beauttfully cofered.  The dvarmings by Hermtans Faber, from dissections by the duthor.  dfse, 250 weedcnts fa the fexit,

PRICE PER SECTION, %3.50.

Section 1. HISTOLOGY. Section I¥. ARTERIES, VEINS AND LYMPHATICS.
1 II. BONES AND JOINTS. I V. NERVOUS S5YSTEM.
" 11I. MUSCLES AND FASCIA. S V1. ORGAMNS OF SENSE, OF DIGESTION AND GENITO-URINARY ORCGANS.

The plan and scope of the work may be gathered from the following brief extract from the introeduction,

w1t is the design of this ook to present the facts of human anatomy in the manner best suited to the requirements of the student
and |:m|-_-|i1iq;.|mr of medicine.  The author believes that such a book is necded, inasmuch as no treatise, as far as he knows, contains, m
addition to the text descriptive of the subject, a systematic presentation of such anatomical facts as ean be applied to practice.

A book which will be at cnee aceurate in statement and concise in terms; which will be an acceptable expression of the present
state of the science of anatomy; which will exclude nothing that can be made applicable to the medical art, and which will thus
embrace all of surgical importance, while omitting nothing of value to clinical medicine,—would appear to have an excuse for existence
in a country where most surgeons ane general peactitioners, and where there are fow general practitioners who have no interest
in surgery.”

As a brief introduction to the cssential features of the volume, attention is invited to the kinds of knowledge of the human
body which the physician demands.

First. An exactacquaintance with the form and construction of the organs of the body.,  But, inasmuch as an anatomical fact is
of little wse nnless the range of ul:plir_uﬁmi of the fact is known, the due connection between the normal condition of the organs and their
variations within the limits of health will receive proper attention, aceordingly the typical description of each organ will be followed
by a brief statement of such variations.

Second.  The physician demands a knowledge of the relations of the parts.  This’ information it is necessary ta possess in
performing operations and'in explaining signs and symptoms,

Third. The pliysician needs some account of the uses of the organs.  This subject overlaps physiological anatomy.  That much
anly will be suceinctly given as may be said properly to illustrate the sulject from an anatomical point of view, and at the same time
he free from controversy.

Fourth. The physician must have a true conception of the nature and general behavior of morbid processes, and of the manmer
in which such processes are modified by locality.  Flis comprehension of the changes due to diseased action in a given place must be
fairly |:r-::|1l::rﬁul'|;ﬂ ta his knowledge of the normal anatomy of that place.  This subject, which will receive the name of dvafsation of
diseased action, will be illustrated for the most part by concise statements of recorded cases, in which the essential feature of each case
will be emphasized, and the bearing it has on the subject treared of clearly shown,  In presenting anatomical features in explanation
afl given lesions, or of signs or symptoms, care has been taben to give the sonnces of the statements made,

“ Among other matters, the book will be found to contain an elaborate description of the tissues; an account of the normal
development of the body; a section on the nature and varieties of monstrositics; a section on the method of conducting post-mortem
examinations; and a seclion on the study of the superficies of the body taken as a guide to the position of the deeper structures. These
will appear in their appropriate places, duly subordinated to the design of presenting 2 text essentially anatomigal.’”

In the preparation of this elaborate work no pains lave been spared.  The illustrations of normal anstomy, with a few exeeptions,
are [rom original dissections, engraved on the stone, with the name of every part clearly drawn upon the figure afler the manner of
S Holden™ and “*Gray,” and in eévery typographical detail it has been the effort of the publishers to render the volume worthy of the
distinguished position anticipated for it

Each section will be enclosed in an individual portfolio, thus preserving all in a perfect condition in case it is subsequently
desired to bind them as a volume.
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The elogant American rovision of this justly colebrated work, will glve Lo tho Amserian
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