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XXIL Further Researches on the Grey Substance of the Spinal Cord,
By J. Locenart Crakse, Eaq, FRS

Recelved Jusne 17,—HReald Junc 17, 1853,

Sixce the appearance of my scoomd series of investigntions on the structure of the
Spinal Cord, certain modifications in the method 1 employ have enabled me to earry my
inguiries to o still greater extent, and in many vespects bevond the limits of what was
sefuslly known on this important sabject. By this modified method the elementary
nervestissues undergo less altertion from their patural sate; for the most minute peres
cells and their processes, as well as the fiest fibres, are permanently preserved, sl
display o sharpness of outline unattainable by aoy other mode of propamtion empleyed
at the present day ; while sections the one-twelfih of an inch in thickness may e
rendered perfeetly transpanent *.

Many of the older anntomi=ts, from Barriousvs downwands, ind observed tlat te
grey substonoe of the spinal cond is sefter, mome delionte snd more msenlar than the
surronnding white colwmnz; but Rotaxpo was the first to point out o diversity in its
structure. e observed, chicfly in quadmpeds, that on each side the posterior thind of
the grey creseent consists of a peculiar cineritious substance, which presents a different
aspect from that which forms its two anterior thirds: it is different in eolour, dorker,
and less ved . Botaxpo, howover, assigned too large a space to this * new substanee,”
which does not comprise so much as the posterior thind of the grey crescont, bt forms
un'l}' a comparatively wurow aml curved laming or bamd around the extremiey of each
cormu, and, when vdowed in o thin seetion by trsmitted light, is found to be actually
mich paler and more transparent than the rest of the grey erescent,  That this laming
is the part indicated by Roraxpo appears evident on examining his plates],

Now 1 propase, alss, to moke o primoary but diffevent division of each posteriar comn

* Boo Appradiz.

+ * Noa & molto diffieile il vedene wel midolke spinale di boe, i maiale e di pecora, ehe le corna posteriori
delbs sotanea cineriecis, chee in goesth & mostrane molto pio spesse ¢ piigrosse che pell’ uots, sons formate
in gram [arto da una sostanzs, cinericcia partivelary, che presenta un aspetto diverse da quello, che =i osera
wella porzione che forma § due terei anteriord defls meses lupa.  Coests nwova sostamen & pid gelatinoss,
ciir chee 3 83 che prende colandio un colore diverss, o ehe in geserale & mone resigne, o dioum eclore pin
odciire,'”  Rieereke Admatowicke swlla Strwiimen del Midolle Spiwale (ron figare), 1524, Torine, p. 60, He
efnkes that it was omly in ||u.'u!ru;|m-.|- that he sticoseded in distisetly secing this new substanes, partly
because in them the spinal cond may be ebisined n that sisle of freshaess which §s more favcurable for
observation, and partly beesuse this substanee is foumd there 18 greater abandanes ; but that, nevertheless,
in Man, unequiveeal traces of it may b seen im the lusmbar Lt

1 Some authors, however, seem to LI:!?L_ ithai the gelaifuoer swbafance comprises a larger poation of cach
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18 AR. J. L. CLARKE 0N THE GHREY SUBSTANCE OF THE SPINAL CORID.

inte two parts, namely, the copef comu and the corvir cornn®,. The copef consists of
the broad or expanded cxtremity of the cornn, wnrd s seporated from the cervir by an
imaginary line drawn acress from the opposite anterior extremitics of the arclisl laming
of gelatinors snbstorce,  In some regions of the cond a line of somewhat paler substance
partinlly marks the separation.  The sereir comprebends the remnining portion of the
eornu as far forwands as the level of the contral eanal,  This distinetion is grownded
on the facts—1, that in ascending the wedielfa eblongeta, the part which I designate the
oot cornu is thrown aside from the rest, as a distinet mass which 18 troversed in
sycorssion by the vigus and glosopharyngeal nerves, and then becomes the principal
nuclens of the sonsory oot of the trifeciel ; and 2, that, independently of the gelatinons
sihztamee which surroumds it, it differs in structare from the coreie, or remaining part of
the cornu, which, in the wedulie eblongate, supplies the goey substonoe of the posterior
e and resfiform Sodyt.  This distinetion is not only consistent with anatomical
facts, but will be the means, 1 think, of adding cleamess and precision to the description
of these prarts.

The evpart covien posfesfonis varies in form in different regions of the cond.  In the
upper part of the cervienl region it is long and pointed, or pyramidal ; broader and more
romnded in the lumbar enlargement and in the conns medullads; and again pointed,
or somewhat pyramidal, through the whole of the dersal region in Man (see fig. 12,
Mate XXV.: fig. 15, Plate XX1; fig. 17, Plate XXIIL ; figs 5 & 6, Plate XX1.}.
From its border a network of Blusdvesels, aceompanicd by nervedibres, extends outwands
through the posterior and Iateral columuns (see fig, 1, Plate X1X.), and in the Inmbar
region especially is very conspicnous aronnd its pointed extremity, at the bottom of the
lateral fissupe, where it divides the white columns into a number of separate fascieuli of
different shapes and sizes.

postorior eormu—-am opimon Which is perhaps founded om the statement of Bovsxoo, that st foems the
poestersor thivd of the grey ercseent.

* In my mwmoir on the Medulls Oblongata 1 have written © eaput eomie posterions.”  As 1 haro heard
that this has been objected o by an * eminent classic,” o the grouml that the noun eeraw is indeclinald:
L -iuguh:r number, I may here take the opportunity of ir.l'wm:'uu Ay ane who has made of may taa o
a similar objeetion, that the expression is perfectly prammatial aml coreeet ; for there b another and mone
ancient Form of the same moun, which makes both ihe nominative and genitive singular ta e in ee.  This
ancient Forms may be foand inoseveral of the Latin elasséos —in Ceoses, Croees, Loeas, and the elder Prosy.
In Prasy it oocurs froquesdly : see flisfords Natwealis, lib, vid 20 Lk x. 00 Lib xid, 51 and 52; lib. xxviis.
12, 45, and 64 1 find that it has alss boes used Lrl.' Mprziee b his dessertation e medulic w’ﬂﬁ e
terfwra. Dorpat, 15855, T employed it on sceount of the distinetive character of ila genitive ; butas it apg
necessary ad fimes to use the worls sormu and coraa, bocanse thoy ar s geamally known, T shall ccnfine
myself o the more modern foem of the Boun,

t Heo the author's “ Medulla Oblongata,” Philesophical Transactions, Part 1. 1853, fige. 12, 15, 16, 18,
and 28 The grey tubercle of Roraxno, which seaches the sarfice o each side of the medwils oblongala, ia
generally comsidened 0 consist of the pelefinows subnfance, but in fact it includes the whole dilated extromity
wf the posterior corm, oF capui cormu.
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Strweture af Capat Corme Posterioris,

The capet corm may be seen even with the naked cye to consist of two different
portions: 1, an outer and comparatively transparent portion—the  gelafinous anbefarce :
2, an inmer amd more opake portion, or base,

1. The euter portion or gelufinees sretonce consists ofe—

A. Nerve-fibres.

B, Nerve-cells,

. Blooddyessel<

I}y Connective tissue with nuclei,

A, The wervesfibres are fransverse, fongitudinaf, and obligne<The frarsverse fibmes,
proceeding from different parts of the grey substance, mn backwards across the gefa-
tinows subsfance ina kind of rdiating series of bundles, and in planes ag right angles
o thee axis of the cord (fig 1, Plate XIX. ) The bundles near the middle line (28 2oenina
tramsverse section ) wre straighter amd more paradle] (hoan the rest, but pardly jein or cros
each other near the posterior border of the geleffiooes swbsfaece, from which they
out throngh the pesterior columns as radiating fibres and posterior voots of the nerves,
The bundles on ench side take o curved direction fowards the middle line, ot before
they poss out, their fibres deseribe o serics of arcs of different lengths within the margin
of the gefatinons sulstowce: along the inner side of the latter there is always a lage
bundle which suldivides and ros out towards the pesterdor median fisare: and from
the onter side of the gelafinons spbsfance nosmaller number of fibres procesd darougl
the posterior part of the lateral colomn.  The primitive filves composing these bundles,
s 1 showed on a former occasion, are not grey fibres, but tubules of small avernge size,
the larger kind posesing double contonrs. By fr the greater number vary from about
the ﬂﬂﬂl to the :FLLT,-IH of an inch in bremdth, bot are intermixed with others of
about the '5uth of an inch in dinmeter.  The monginal filees within the posterior
border of the gefatinons substance are more often of the latter kind,

The fongitudinel fbves of the gelafivons sibsteiee are very nomerous, and resemble
the finer tubules of the transverse bandles®,

The obligue fibres, which are found in different planes, are in various degrees inter
mediate in direction between the two former sets, and, as [ formerly stated, sre appo-
rently eontinnous on the one hand with the longitudinal, and on the other with some
of the fibves of the posterior rootst,

* These fibres were more fully docoribed i my first communication, Philosophical Transactions, 1551,
Pare I p, G100,

t In bis first treatise on the Spinal Cord, Srisire deseribed all the fbres of the grey substance as gees
fibeew, but in his recent work they ane shown to be tububes,  Hle seems 1o think that T was not soquainted
with the fibres which take an chlique course through the melutinous substance,  TE ia true that T gave oo
srpamte description of them, but in the explanstion of fig. 2, Flate XX.. Philosophical Transactions, 1551,
Part IL., when speakiag of e bundles which project into 1he substantia gelatinosa from the grey sabstance,
I observed that = this appearance is caused by obliqae scetions of bundles of merves sud bloderessels whicl

Su2



440 MH. J. L. CLARKE ON THE GHEY SUBATAXNCE OF THE SPIXAL CORD.

B Celle off the Gelafinous Subsfones® —The eells of the gelatinons substance, in
regnnld to siee, may be deseribed as (o) lagge, (8] small, and (¢) intermediate.

(e} The farge eclls are almost exclusively found amongst the semiciveular Shees which
run within the extemal border of the sebatentie gefativose, and never extend beyomd the
mididle of its depth (fig. 1, Plate XUX., and fig. 47, Plate XXI1L).  They are more or less
oval, pyriform, fusiform, crescentic, trnangulor, or stherwize irmegalar, snd contain distine
muele.  They all give off processes from two to five or six in number.  The faiform
anil geed varicty are clongated transversely, longitudinally, and in plancs intermediate o
obilique.  Sometimes o fiesfiue ooll tapers at each end inte a broad process, which
atfenuntes in its course, and either remains single or subdivides into fwoe or more; or it
bifurentes ot once into two processes ab cach extremity of only at ope.  Tn o tmnsverse
section of the cond, =ome of these processes appear (o terminnte in o or more of the
semicireular or marginal fibves ; some run backwanls through the posterior columns, or
forwands acvoss the gefafinors snfsfaner; others pursue a longitudinal course with the
Jibres of the gelatinous sildstance, of along the verge of the pesterior columns,  From a
cell of another shape three or more processes may be seen to extewd in different direes
tions—backwards, forwanls, latermlly, obliqguely, or longitwlinally, Frequently o fr-
angufar coll, resting on the verge of the gelatinons substanee, sends a process right and
beft, amal o thind theough the posterior colomn aleng the side of o bundle of the poste-

enter the grey substanes im o more or Jess longitudina] direetion, or with various degrees of obliquity.”
And in my second communiemtion, Philosophirnl Tramnsciions, 1853, p. 853, it is stated, * 1 beliove that
they {the losgitudinal ibees of the gelstinous substanes) are all derived fram the fiao bres of the postenor
roubs,"" which muast therefore eross the gelstinoms sbstance i an obliqee dirsction.
® Thee eells of the gelatinous substance have been deseribed by Kiwvrkes, Sennioen vax pee Koes,
amid by Srieeass in kis lafe work.  In my firsd comanumization | caly incidesially mentboned them o the
fallowing passage: “ All {the perve-vells of the grey subsianee), eveept those peeuliar to the gelatisois sk
stamer, have remarkably delicate prosvsses Bsuing from their sides’'  Upos this passage Sricnovoo takes
the apportunity of remarking, that by my peculisr method of preparstion the sections are rendored toe
Lramspancit, =i that the flnee l|'1-|1|u'||l'.|.l'r|r strsclares ceeape obsermmtion.  This objection is withowt sulRcent
foumidation.  In the fiest place, 1 deseribed the pelatinous sabetance, ks 1 then stated, from examination of
the feeuk conl, treated with acetie aciil, and not 1..1'; ineaiis lﬂ'lnrl' "In“l‘u“ill i hinl ** of proparation, which,
however, shorwa Lhe evlls and prisvRsTm B0 Bl st |H1-|'|.'-|.'|. FHETITTE Id'!"llllltl_l'l Bir mpiy (i pﬂlpir“ihn] ta
nl].tanl.aﬁn. ihe tlaminakion must Eraﬂap{wt (T Ihr;rﬂr_gﬁ'ﬁl ol |H.:Iu'hl.l'i‘ﬁr.}'. Bt I:h.':f Im.r],u!l madie of all
demroes of LEE T and af thickness i b the one-twellth of an isels. 1P STiLvixe has miven but a
hmaty irisl to this methed asd only swessd with a litle torpentine and Canaila balsasin, he is nol prepared
1o oo in np-nnm worth sotice. 1 may adid that the fow of my preparations that have fownd their wny o
the Continent ane somse of the first that 1 mnads, aisd are very inlerior to those T have sineo mado, especially
by may modified method. The great thickness, also, of seanp of theso preparstions ronders them exened-
ingly valuable for tracing the eowrse of fiboes, which must often be inidlabiy el across in he very thin
soctions requined by edber motheds,  This is evident in Sriwusa's lange wall-dssgram, where the grey sul.
stance, particelarly of the eorviz cornu posterions, appears choppod up ke chafl} go that it is impossiblo
to farm any ilea of the destination of the fbres. 18 may not be aut of place to eate that all the observa-
tions describod in this coneunication kave Been carcfully seprated on sections of the cord hardencd simply
in chromio achd, and withoat further preparstion.

i
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rior moots, or through a fissure containing a blood-vessel; or two contiguous bundles of
the posterior root=, as they poss out from the gelatinons substanee, are acosmnpanied by
the processes of o crescentie cell, which oomapies the enrve between then (see fig 1,
Plate XTX. ) And bevond the pofsf of the comu, a varable number of others, of different
shapes amil sizes, may bo seen amongst the pefeard of blood-vesscls ad fibres, which is
formed, as alveady stated, aroud separate fascienli of the pesterior and lateral columns
They ocenpy the angular interspaces or partially embeace the fascenli, and sond between
them their processes, which contribute to form the network (5 & fig. 1),

(%) The smeell cells abound in every part of the gefatfvons sedstence,  They are moamnd
or oval, somewhat pyriform, fusiform, or angulor, and give off two processes or mare,

g, 46, Plate XXTL, a, &, ¢, represents them magnificd S50 dismeters.  They vary con-

siderably in size, and many are vearly as minete az Dlood-disks®,  The lorgest of them
contain distinet nuclei.  Near the border of the posterior columns, the oval and fosi-
form variety, like those of the first set, are olongated transversely, longitwdinally, snd
obliguely; but through the vest of the gelatinous substanee the longer axes of many,
as well as their processes, are parllel to the antereposterior Glwes tat form the posterios
roots of the nerves, with which they are apparently continneus (fig. 1, Plate XX

{e)} The eclls of infernedinte size, like the first set, which they elosely resembile in
shape, nee found chiefly near the verge of the posterior columns,. Some are so exeeod-
ingly fusiform that they appear like grdoal dilagations in the eourse of the fibres, b
still they ave true eclls

There can be vo doult whatever that a great number of the swallesf cofls of the
gelatinous substance belong to the conmective tisne.  This fisue extends as a fine
network from the border of the grey substanee, through the white columns ss far as the
surfice of the cond, where it forms a layer of variable thickness, in which its fibres vun
civenmbvrentinlly, med petum at intervalz to rejoin the network in the white sulstance,
Fow in very delicate preparmtions which T lately made of the spinal eond of the Cali
between three and four months old, 1 discoverad that in every part of the edife ealinis
the comnective tissue between the primitive nerve-fibres aboanads witls both seeefed aml
small meleeted ceile, many of which ave quite squal in size aud similar in chameter w
numbers of those which are found i the gelatinous substanee; bat on secount of their
position, some of them are more diversificd in shape,  They are mere or less rownd or
oval, pyriform or elub-shaped, angular, fusiform or erescentic, and lie in the interspaoes
between the nerve-filires, seadding out fine procesees in different divections to join the net-
work of conneetive tisme,  Frequently o erescentie eell holf enciveles o primitive nerve-
filive, amd forms a swelling or knot avound one side of its sheath,  Fig. 48, Plate XXI1L
represents the appearance of some of these nueleatal eells and free nuclel.  “Chere is no
difference in strueture between them and the smallest of those in the grey substanes ;
indeed from this substance an wninferrnpled Inver of cells and nucled, of an apparently

® Care must be faken mot o comfound these minute oells with Whe cot ends of small Boodsvesscls = &
mistake oot o all uslikely to coser where they are not very distinet and well-defined.
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identical chameter, may be traced  through the white coleniee between the fibres, as far
s the surfoee of the cond.  The nuelei are more or less ound or oval, and contain a
number of delicate granules.  Tnoa free state (see fig, 48 ¢ and fig. 40.¢) they abound in
every part of both the grey nnd white substanee, but sometimes they are partinlly or
wholly surrounded by a kind of shaggy, florculent, or finely filamentous mass (fig. 45,
below the letter o), while in other instanees they are attached to the surrounding parts
oaly by a few fine fibres.  Now there is reason to beliove that this flocenlent o filas
menbons substance is really the remains of the cell in process of development into the
surronding tisswe and sheath of the nervefibre; for on examining the cond of an adult
wimal, T found that the secfeafed eelfs hoal disappeared, while in the midst of the fila-
mientons tisane between the nerveibres, the same kind of mueled were still present*.

These olservations, then, reader it apparently impossible to point out the exact
distinction between the connective and  the true nerve-tissue, wod meight suggest the
spuestion, whether there is any actual and essential differonce between them, or whether
the connective tissae of the conl be intermediate in its natare, passing oo the one hand
il geree-tissue, awd on the other into pa moter,

2. The anferfor or fwer and more apeke portion of the caput comun is continuos
with the grey aubstance of the cereir, and survonnded behind and on each side by the
arched lamina of the substentic gelativoze, with which it varies in shape at different
regions of the cord (figs. 5 to 17, Plotes XX1. XXV, & XXI1IL). In some parts of
the cervical and in the dorsal region, as seen in & transverse seetion, it projects inte the
goelatinons substance in the form of a cone, while in other regions its posterior border
is more or less angular or roundel.  Tts elementary structure, in addition to bleod-
vesaels aml conpective tissue, consists of—

a. Longitudingl fibres.
& Transverse ond oblique fibres.
e Cells

a. The longitudinal fibres are collected into bundles, and are the principal canse of
the oparity of this portion of tho caprt cornn,  They are broader and eowrser than the
filires of the gelatinoms selafmrce, which, however, they immedintely adjoin.  Sometimes,
as in the neck, they form round the extremity of the cone a kind of arched band or mof,
of the same shape and about the sme depth as the sidefounfio g'efaﬁum* which rests

* 1 find that precisely similar nuched are abundantly scattered throwghout both the white and grey sub-
stasee of the cercbram amd cerchellan..  In the convolutioss of tho corvbellum, the nwelel, which in a
deiuse luyer form the internal portion of the grey substanoe, and into which the fikees of the white sabstanoe
firsk peneirade, are for the most part a little different From thoss in the immediate neighbearbosd.  Thoy
are geaerally round or globular, are mose uniform in e, and mostly contain a dsiinet and dear eircular
or globealar nuclealiss (a8 in g, 40, Plate XXIL, below the beiter o), surmoanded by fine granules.  Nucle
Like these, but frequenily of larger sioe and sometimes confaining fwo globular nucleali, are veey numeroas
in the gelatinses substenee (see the 1wo above a, lig. $), but are wot peculiar to this subsl They ars
also found in all parts of the grey substamce of the cerebrum.
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upon it *; while in the cervical and lombar cidargements they also extend, ot in smaller
numbers, through decper parts of the cone.  “The bundles themeelves are of differeat
sizes wnd not exactly parallel, even in the sume plane, but intersect cach other af acute
angles, and extend obliquely, at intervals, into the gefefinors sebafmres ;. =o that in a
transverse section some of their divided extremitics are more or less ol o elongated,
and give to the posterior border of the cone, or laming, an irregular or jogged aonline,
like the worn extremity of a brush (see fig. 2, Plate XX, D, on left side ).

& The tronsverse filbres are continuous with the pesterior moots of the nerves and
longitudinal columns, and eross each other and the lagitadinel fibres in o gret variety
of ways, Some of the roots, on reaching the base of the cone or ecapef cormer, returm
through it in loops to the posterior eelumns (see fig, 2, Plate XX, P, on right sidej:
some become continuons with the longitudinal bundies, particularly on the onter side :
others cross them obliquely in opposite diveetions and run out on the owe sde trough
the lateral, and on the other through the posterior, colomns: while the rest proceed
forwards through the eervix com, and i port eseape threugh the pesteror eommizsane
to the opposite half of the cord.

The oblique fibres, as may be inferred from the descripiions just given, are only con-
tinuntions of the tansverse and longitadiog], st different angles and o different plioes,

e. Most of the cells are of the smallest and intermodiate size.  The majority ane oval
and fusiform—sometimes 1o a remarkable degree, and lie with their longer axes and
their pmnm-iu the divection chiefly of the obligue and borizontal nerveroots, bat ks
in the direction of the longitedinal filves, with whicls they appear to be continuoens,

Amongst these, o few langer eclls, from three to five in o transverse seetion of
maoderate thickness, are seattered ot unequal intervale,.  They are more or less oval or
fusiform, or irregular in shape. and give off from three to five processes, or pedaps more,
Froequently one of thess cells is found neary as far back as the venge of the gelatinons
substance; but they mostly lie deeper. Sometimes they bifurente around longitwdinsl
hundles, which are probably necomponicd by some of their processes, while tho afhers
may be traced to o surprising distanee and in different directions, backwards, forwanls,
and laterally to the white columns,

Huving given the structure of the copef cotin posterionis, T shall next describe the
eereir, or rest of the posterier grey substance, as it appears in the dovsal vegion, and
then procecd to trace it both upwands and downwarnls, through the remaining length of
the cord.  Im the dorsal region 1 shall deseribe it in considemble detail, and illostrate
it by drawings of the greatest possible exactness, not only on aceount of it great interest
and apparent importanee, but in onder that we may recognize its parts as the sone
during the charges which they wndergo in passing through other regions,

About the middle of the dorsal region in the spinal cord of the higher Vertebeata, the
inner sides of the posterior cormua are in close contact :Ll-un; the middle line, or ane

* This layer of fibres 1 pointed out i my Brst communication o the Sginal Cond, Philesophical Traes-
cions, 1851, Part 10, p. 811,
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separsted only by blood-vessels which descend from the medion fissure ; =0 that together
they form but o single mass, along the posterior part of which the gefatines substonce
is unintermptedly continned from side to side*. Fig 2, Plate XX, represents a
transverse section of the grey substanee in the doral region of the Call, magnified
Gl dbimmeters,  The sagert corn posterionis, on cach side, would be marked off by an
imaginary line extending actoss from the anfere-daferal extremity of the gelafinous snife
et b the bottom of the pestenior median fissure (f); while the eereir s included
Detween this lise amd another deawn nearly horizontally across from the anterior border
of the trunsverse commissure which arches over the pellucid space (H) survounding the
venten] cnnanl,

The foeer of median hall of the cereir iz occupied by a remarkable longitudinal
cidumnn, whicl in thiz part of the dorsal vegion s nearly evlindrical or oval.  These

el I described inomy first communication, and named them the posdertor eesteular
volnmis—colimue  cesicnlose posteriores ;. but their highly intercsting structure and
connesions have wdoeed me to exomine them again with mose atbention,

Fach posterior vestenlar eodicnian (N, M, fig. 2, Plate XX.) consists of 0 somewhat dark
evlinder of fibres interspersed and surrowaded by cells and their processes.  The fibres
are in great part derved from the posterior reets of the nerves, and are moch finer than
those of the white colomms, They are more or less longitudinal, trmsverse, and obligoe,
il interlace each other in bundles in the most intricate manner, as may be seen in o
lomeritnalingl section.

The colls i the eyvlinder or opake portion of the colomn are oval, pyriform, or more
or less fusiform, and vardously stellate (see also Plate XXIL figs, 49 & 50} They differ
considerally in size; some are very small, but the largest are quite cgual to those of the
anterior cormn. Their semder, alse, vares i different sections of the same thickness,
atdl even in the opposite colomns of the same seetion,  Sometimes only & few small
cells, with perhaps o single large one, appear at iregulor intervals; and oceasionally
they are all absent,  Their processes extend Srenseersely, ebligraly, and fogitadinediy :
franseepaely they intorsect the cylinder in varions ways (M, M, Plate XX, fig. 2} ina
kind of network formed by their subdivision, aml i irvegular curves, which sometimes
auddenly change their conrse to become fongitudinel, and sometimes cscape directly to
sutrouiding parts, or after mnning for some distance round the eylinder.  In sections
il fagifwdinally all the cells are seen to be elongated in that direction (Plate XXIL
figr. S0, and ave frequently quite fosiform ; it wonld therefore appear that each cell is
prolonged in different planes.  Tley lie imbedded in the plexas of bundles, amd branel
mte many processes, which run fearseersly backwards and forwards, obieprely and
Fpspatwdinally,  Sometimes longitudinal processes extend to o surprising distanee, and
th Wecomie tmnsverse, and often again Il.lll.‘lg'ilutli]bal.]_

* Iu the Hodentia—at beast in the feissoply, Fef, and Balldi—ihe posterior comss, as in Man, remain
scprarale i all regions af the eerd, 18 b curious, also, ithat is these amimals ibo n'r‘pu.f cOrmi 18 “n:rkﬂ.rl}'
1 Dhee afprsal, bt lu.rli._-uLw:t: i the coereieel pepgion, and is lhrwd, as indeed i CTery obler parl of

gy lll'llll.:"II.'I'. with amall eclla.
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Around the whoele of the evlimder, and partly encroaching on its bonler, othier cells
are disposed, that contribate to form, by their coffecticos processes, an irregular eivcle of
fibres: but these dnfisidwally, after describing parts of the cirele, mn off tangentially
in different directions (fig. 2, Plate XX On the outer side of the eylinder they eross
each other obliguely from before backwards and rice eersd, extending in opEsiie
direetions to the anterior and posterior cormui.  They also contribate with the posterior
ronls to Forme the tronsverse commissare behind thee conteal canal. The eells ave of all
sizes, and mostly fusiform—oficn to a remarkable degree; but some are tranguler and
stellate,  Mony are corvid and elongmted] civevmberentinlly ; others are inelined ot »
tungent, and send off their processes, on the one lood, within or around the eivele, and,
oi the other, to distant parts.  Sometimes o dmegular or stellate oell sends two of
its processes ronmnd the civele, one longitndinally or obliquely, and the st in othes
directions, but mostly towards the anterior parts, or towands the lateral eolumn,

When the posterior roots of the nerves are traced inwands, they are found to be most
intimntely eonnected with all parts of the posferior eesfnelar colvems,  One Inege bundle
is generally observed procceding from near e middle of the eaput comu to the outer
side of the eylinder, wheve its fibres diverge or sopamte: some of them pactly enclose i,
apparently in conmexion with the cell-processes ;. while the rest interlace within it, o
form 4 serics of tortuous curves, as may be seen best in o longitudinal section: or after
munning fangifadinally backwants and fowands, in a kind of leoped or sigeag conrse,
escape into the Interal white column®, Another large bundle (P) invarially enters
along the nner side of the caput comun near the posterior median fssure ; some of s
fibres veturn baekwards towards the point and onter side of the gelatinous substanee,
partly to form loops with other roots, and partly to escape throngh the lateral white
eolumns ; some interlaee throwgh the eylinder; some sweep roumd on its outer side amd
join both the pesterior and anterior commissune, while others are prolonged forwands
through the laternl portion of the corvax oo,

A banal of fibres from the posterior transverse comabsare, after corving round Ghe
front of the vesienlar evlinder, runs wearly horzontally outwards (as seen in o transverse
section) to the Inteml border of the grey substance and lateral column (see figs 2
& 4) These fbres, which are move conspicuons ot the upper and lower parts of the
ddorsal region, are joined by others, which procced Gromm the inner side of e eylinder, and
from w diferent plose ; for at this peint they are eut aevoss in the seetion, and ferminate
abruptly in divided extremitiesd.  The faeteral portion of the grey subsfance which i

* It is difficult, however, te determine whether these torbsous sml rigeap Bbres are dircetly continuous
with ihe postersoer rocts, or with 1he JrisTEsTE of the oells, For their diameters are ofien considermble.

t This appearance i clecrvable chielly in the upper and Jower parts of the dorsal region, but particularly
the latter; 3t is ales o e seem in sose degree in the corvical amd lusshar colargements ; in the upper part
of the latier 6 s vory oomspiowous. AL the poist wher these Gbres are divided in the transverse seetion,
ihat is, nb the ner side of the poaterioe pesreabar cofuma, and a little behind ibe spina] canal, they app=ar
b be comtinuous with the tortasus and rigesg Glees soen in 3 bogitudies] section, ns above described
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traversed by this bamd, and near the level of the canal, may be considered as intermediate
between the anterior and posterior cornun. At the border it forms o small and more
or less pyramidal projection (F, figs. 2 & 4, Plate XX, and figs. 5, 5, 6, Plate XXL}),
which is very transparent, and in colour resembles the gefafinos swbafmice.  In some
parts of the dorsal region, as wo shall presently soe, it extends inwards as o somewlhat
copieal luyer, and becomes less transparent fowands the point, which reaches nearly to
the front of the posterior vesicular column (fig. 5, Plate XX1; and fig. 4, Flote XX0).
Thi= tenet, which T intendd to follow through sther regions of the cord, was first poanted
out by my=elf in 1551% 1 shall call it, on account of its positien, the fracfus anter-
sedio-foferalis, 1t consists for the most part of oval, fusiform, or pyaferm and tren-
sular eells, which arc somewhat smaller nnd of more uniform size than those of the
anterior commw. Figs, 51 and 52, Plate XX1L, represent them mognified 220 diameters.
In the middie of the dovsal vegion they ore less numerons than in =ome other parts,
sl found only near the verge of the grey substance,  They are clongated as well
transversely as longitudinally, —#rmnseeracly both in & lateral and anters-posterior diree-
tiom, in which they scud their processes, on the one hand, to the trnsverse commissurn:
anad the lateral column, and on the other, to the anterior and posterior cormu, Sonace
times o fow lie beyowd the bonder of the grey substance, where their processes accom-
Lty nervesfbres and bloodosvesels which mdiate through the Iatem] column (g 51 &
Mate XXI11.; and fig. 2, Plate XX, F).

The suter or lateral portion of the eercie comu posterionis (Plate XX fig. 2, o, and
corresponding part on the opposite side of the figore), between the frecfie fnfemnedio-
Tateralis and the eopet comu, is composed of fbres and cells. The filiees deseend from
the rests of the nerves, aml ran partly outwards (o the lateral eolumn, and partly
forwanls to the anterior cornu, passing throngh the feacties foferuediodateralia (F).
The cells, which are often of considerable size, are mostly fusiform in the same dirsction
as the fibres, amld taper iote processes of semarkable length, which seem to be con-
tinuous with them,  Tut seue of the cells are stellate or imregular in shoape, and send
out their processes in all dircetions,  These are generally observed near the outer bonder
af the posterior vesicular column, with which they are partly connected by their pro-
cesses, and near the edge of the cereir ind the dase of the sepad cormn, where asoee of
theeir processes contribute with blood-vessels and fibres to fonm s network aroumd several
lomgitudinal bundles, with which sthera are probably continuous, At X (fig. 2) are
three of these longitudinal bundles, the most anterior of which is partially embrced Ty
a multipolar coll, amld the mest postenior by another af o crescentie form. Tl outer
celis of the posterior vesicular column are so gradually intermised with this lateiol
tayer, that it =eems almost imposible to determine their exact limits.

In receding from the middle of the doral region towanls either extremity of the cord,
the posterior cornna grsdually separate from behind forwards, receiving between them
the decp encroaching layers of the posterior columns, until in the middle of the cerveal

* Phidosophical Transactions, Fart 11 p. 814,
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anil lumbar enlnrgements they are joined ouly by o narrow band of the transverse com-
missure, immedintely behind the coml,  Duning these camges, the posterior veseular
eolumns uniderge certain modifications in form, size, and strocture, As they approach
the cervical enlargement. the cyvlinder or opake portion of each is grodually redueed in
size, but the whale inner half of the eervix is still sceupisd by the surronnding layer of
colls.  Sometimes the ovlinder is interseeted, and divided into smaller portions, by fibres
of the transverse commissure, in confinnity with the proceses of some of its own cells,
which are more or less intermixed with those of the surroumbing layer: other flbres of
the trnsverse eommissare, in their prsnge oatwards, enclose it in front and bedind, anpcd
witer partly reaniting on its outer side and mnning backwands throngh the capat corn,
where they are also continuous with eells, they diverge amd traverse the gelatinous sule-
stance a8 posterior voots of the nerves.  Some of these fibres which enclose it in front.
in company with processes or fibres from the imner side of the vesicular eolumn, prasceed.
as already stated, with a gentle curve, or in a slightly serpentine course, to the lateral
border of the grey substance, where they are partly continuons with the cells of the
fravius Grlerntediodateralis (F, figs. 2 & 4, Plate XX. ], while the rest eseape throngh
the lnteral column,  Behind, and at the sides of, the canal, the fibres of the trmnsvers:
eommizssure are connected with many small oval and fosiform cells,—somedimes with
others of larger size,—amld are scparated at intervals by blood-vessels which man lengito-
dinally and obliguely and ecommunieate with one of consideralle size. which procecds
transversely, with the commissure, to the lateral grey substamee, where it divides ints
numersus branches.  In the middle of the eervieal 1-|1'|.ar|:.ft'meul. the eirenmserilsed
eylinder of the posterior vesicular colunmn has entively disappeared, bat e whole inner
hialf of the eorvix cormm is Glled with cells, and contains a somewhat dark amnd imper-
fmll}u[ﬂﬁund masz, which iz traverssd by the fibres of the transverse commissure and
interlaced by the posterior roots, In the Ox many of these cells are very much brancleed,
and =end out their processes in all directions ;. some are fusiform in varows degrees ;
others nre apparcntly ribamel-<lispesd, and sometimes not much bromber than the processes
wnte which they grodually taper.

In the upper part of the corvical region, near the origin of the third pair of nerves,
a darker and more defined mass (M, Az, 12, Plate XXV.) reappears at the base of the
cervix comik It is composed of cells both large and small, and of bundles of the
posterior roots which intedace amongst them. This mass is not distinctly cirenne
senbed like that of the posterior vesieular column in the dorsal region, but is some-
what triangular, with one of its angles directed towands the point of the pestedor cormn,
ansther towards the transverse commissure, aml the third obliguely fornands and ot
wards towards the antero-lateral column. Tt grodually dininishes wpwards, and disap-
pears near the first pair of werves.

The fracts informedio-dateralis s luger ot the spper et than in the siddle of the
florsal region,  On the one hand it projects further into the lateral colomn, and on the
other tapers inwards across the geey sulstance to near the front of the ecsicnlar eyfinder
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[ee ¥, Plate XX, fig 4; late XX1. fig. 3). Pramscersedy its onfermost or marginal vesicles
lie, for thee most part, with their longer axes and proceses inan orfersposteriorn diree
tiem, os in fig. 2, Plate XX ; while these more intermal ave clonguted in the direction of
the transverse commissure, with the fibres of whicl, s slrendy stated, their prosesses
are contimons,  As it wseeiwds, however, throngh the cervenl enlargement, it gradually
dimppears ; but, a5 i the dovsl region, the lateral portion of the groy substanee is still
travessed, from behind forwands, by aumerows fibres apparently in connexion with
branelied and witl very dlongated eolls of all sizes, amongst which are seattered a fow
that resemble those of the frecfus fefermedio-loleraliz. Through this Interal portion of
the grey substance the fered moots of the spie-eeesssary merve bend fieirards to the cells
of the erferior e,

In the region of the upper cervical nerves, there reappears o vesicular tmet o the same
presation us the fractus infermedivedateratiz, and composed of e same kind of cells,
whicly sre clogated in o lateral divection aud send their processes, on the one Jind,
outwands theough the Interal coluwmm, and on the ether, inwands (o join the fibres of the
transverse comniissure belind the central canal {(=ce F, fig. 11, Plate XXT. ; and fig, 12,
Plate XXV.}) 1t 15 traversed by the reots of the spinal-accessory nerve (#) as they bend
forwards on their way o the anterier cornu.

In aezesndisng the cord from the dorsal (o the fusber vogion, the poesterior grey sul-
stanee wndergoes a series of changes weardy similar to those which are observed in eseewd-
g ter the cervical enlargement.  The posterior comun beeome grdually more sejsnte,
or thrown aside from cach other, inoa direction obliquely backwernds, At the apper
part of the fewber cnlargement, the posterior vesiculnr eolumns are decidedly burger
than in any other region of the cond (M, fig. 15, Plate XXL)  In o trosverse section
cach presents the appearnnes of & dark oval mas, lving along the whole iuner lslf of
the corvix cormn, the bonler of which it renders ecnvex against the deep strate of the
pesterior column.  Its larger cells are more numerons than in the dorsal region.  They
abis mest Forme i thee contre of the column o circumscribed grougs, bot lie seatteral irmegu-
larly through the whole inoer ladf of the corvis, whiach their processes tmverse in differ=
ent directions aml envelope i different planes, Many of the oval variety e elongated
in the direction of the eomu, and their processes are continnous, on the one hood, with
the transverse commissure, awl on the other, with the posterior roosts of the nerves,
Same stretch along the convex bovder of the corvix; and sometimes o crescontic or (rian-
gulur el in the same situation, sends one of its processes through the pesterior calurnn
with a bundle of radiating fibres.  Part of the filees of the transverse commissre mn
out in frent of the moss, as alredy stated, i company with processes or fibres which
procesl from its inner side ;. of these some are continusus with the cells of the fracs
infermedioelateralis, while others escape through the lateral colwmn.

The fractus interaedio-daferalis 15 prominent st the border of the grey substance,
between the antertor and posterior cornwa, but its cells are not s0 pumerous as in the
upper dorsal region,
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Through the remaining half of the lumlar enlargement, the pederdor cesoador cofumms
are graddually less encireled amd enveloged by the prooesses af their eells, which also
dliminish in number, bt ave =il tiversed by the divergent fibnes of the tesverse cons
missure nod by o plexus of the posterior roots which sweep round on thieir onter sides,
In the Ox two or more of these cells are often very large and waotiderfully braneioesd
into six or soven processes, which mdiate in all direetions. T think there can G wo
rensan to doubt that they form o part of the pesterior eesfonlor oolimn which has ot
been trced from alsove,

Inn abescendding throwgh the lower portion of the lnmbar enlargement, the border of the
grey substanee between the posterior comua 15 gracduelly down backwanlds, o that in
the sune proportion the spaee Belind the coal, conteining the trnsverse commissire,
bevonwes deeper (compnre fig, 15, Plate XX1, with fige. 16 & 15, Plate XXTIL),  Some
of the posterior roots of the nerves cross the oo from without inwaeds to the side of
tlie asiderionr conmissure, and o Jorge puober convenge to form the posferior commisiue
bdiinel the connl,  Froms the foner side of the enpot comm severn] larze bundlis sweep
youd through the cervis, where they interlace with the others and separate i different
alirections.  Some of them descend o the anterior grey substance ; others corve inwarils
to the side of tee caual ; and amongst the plexus which they form with the transverse
commnizsure are a few seatiered cells. which may be reganded. 1 think, as the remains
of the posterior vesioalar coliwnn,  These cells ave scattered in font o fir os the bopdey
of a peculiar geoup wlicl, wear the bevel of the secomd pair of seeral werves, begins 1o
miake its appearance on eweh sbde and o lioke belind the spinal canal.  This growp was
frst pointed out by myself in 1851, md considered as the commencenent of the poste-
rior vesicular colwmn, 1 othiok, however, thet STicuse is vight o conadenng it as
a distinet group, althougl it s reached by the posterior roots; but, as T sholl pre
septly show, its connexions with the auterior root= are more divcet sl intimste thsn
i thee cose of the gosterior cosicalar ol T s more or Tess wound or oval, but mot
catirely isolated from the sormonnding eells, nor civcumseribed by fibnes, It increases
in size througly the level of the seeond pair of sacral neeves, below which it gradually
disppears. The colls are sval, fosiform, irregalar in shape, or stellate, sl all of the

lnrger Kind,  Some of their processes eross over o e opposite side Telind the sanal ;
athers run ont towards the laternl eolumm somia join the suterior and posterior moots,
sl wtliers forn a syabemn of longitwlinal fibees, the cut extremities of which, oo tams-
verse section, are seen seattercd omongst the group,  The oval aud fusiform cells are in
jrart clomzated transversely towands [I;c snterior roots, but chitetly i o lateral direction,
and & continous Tayer or trmet of these clongated colls may be froquently secw to extend
from the outer side of the group to near the border of the grey sulistance, i ey
or in connexion with fibres which procesd in the soe divection, aod eseape thongh the
lateral colutmn.  But the peineid et of the groop is most intimately comected with
the anferfor rosfs of the nerves: for o large wumber of these roots, Teguently side by
side, run dircetly backwards to reacl it, thirough the mibdle and fover port of the
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corm: some of them are seen to be contimmous with the cells, sspecinlly with those
which are clongated towards them ; others wind about them in o series of eurves, which,
like the processes themselves, are frequently divided in a transverse section ®.

I the spinal cord of Man, the form of the grey substance differs in some respects from
that of Mammalia. Throughout the whole of the domsal region, the posterior cornua
stand completely apart, and are joined only at their bases by o narrow transverse com-
missure,  Fig. &, Plate XX reprosents a transverse seetion of the entive grey substanes
abont the middle of this region. Each postorior vesicalar column (M) occupies nearly
the whole inner half of the cervix come 1t is more or less oval, and, in strcture and
appearance, chisely resembles that of Mammalia in the npper parts of the lnmbar enlange-
ment.  Its large colls are more numerous than in the dersal region of Mammalia. They
are mot acenmnalated near the centre, but scattered ot ancgual intervals to the very border
of the corvix, from which some of their processes Tun out with blom-vessels and fibres
tn the pasterior white column,  Most of the oval variety are elongated in the direetion
of the cornu, and are continwons by their processes with the transverse commisare, on
the one hand, and on the other, with the posterior roots of the nerves, which also
interlace throngh the mass and sweep round on its oufer side.

Towards the upper end of the dovsal region the dark oval masses diminish in sze, a3
may be seen in figo &, Plate XX1. They are frequently divided or broken into smaller
portions by bundles of the posterior roots in their course to the transvens commissure,
and in eonnexion with some of their eells.  In ascending through the cervical enlarge-
ment they continwe to decrease, aml at length disappear; but the spaces which they
oeenpiel along the inner halves of the cornua ane still interspersed with o mualtitede of
coells aund traverssd by the posterior reots, which also sweep round as wsual, on their
outer sides, in bundles of considerable thickness (see fige. 8 & 3, Plate XX1.).  The
cells, however, are very much smaller than in the dorsal region: the majority ane
soppeely larger thon those in the middle of the gelatinous substance; but a few of
supeerior sioe are unequally seattered amongst them. Many are oval, round, and fusi-
form, capecially in the divection of the fibres ;. others, particulacy the lager Kind, and
nearer the centre of the cervix, are triangolar or irregular in shape, and send out their
provesses on all sides,

Above the cervical enlargement, the dark mosses present nearly the same appeammpes
aain Mammalia ; but they are rather paler, and the cells they contain are of smaller size.

The fractes infermedio-lateraliz, also, in Mon, clesely resembles that of Mammalia,
and contuins cells of the same kKind, bat mather smaller (figs. 51 & 52, Plate XXI11.).
I the upper part of the cervienl region, a similar but somewhat langer trict reappears in
the same stoation, and projects in the sme way into the lateml column (see fig. 11,
LXXILF) [t inereeses in ascending to the thind pair of nerves (fig. 12, Plate XX V. F),
where the form of the entire grey substance presents a vory striking resemblance to

* As there are no treces of these groups of cells in the kumss cord, and I have ot found them o the
fimimsanpin, it ix probable that they supply tho perves of the fail



ME J. L CLARKE ON THE GHREY SUBSTANCE OF THE SPINAL CORD. 431

that in the upper part of the dorsal region (compare with fig. 6, Plate X1} This
truet is el by soveral roots of the apinad-aecosory norve, in their course forwaids 1o
the ewfertor cormu, sl contributes, withs the cdge of the postenior comau, ts form a beantiful
network (N, N, X} in the lateral column, through which the nerve enters,  Tts colls e
triangular, oval, and fusiform in difforent dircetions: some of e e dlongated e
direction of the transverse commissure and townnds the front of the postenor vestenlar
column ; others extend outwands with mdiating filwes through fissaees of the Iateral
column.  There & peason, therefore, (o belicve that this treact forms a part of the fracfus
rubermediodateralis.  In the Sheep anld Ox, and probably in all Mammalia, o pecadies
group of cells, which is traversed by the roots of the spinal-weesory merve, 15 found i
thee same sibwation ; and this group, in ascending the medaila oblogmte, retres inwnks
to the space bebimd the cunal, and these contributes to form the nucleans which givis
anigin to the highest roots of the nerve, It has also been seen that the eclls of the feaefis
inferatedio-leferaliz arve clonguted with their processes in o longitwdinal direetion, and
resched by both the posterior and mderior roofs of the spisal nerves, aml perhaps by
the spinal-eeezsery ; that the latter nerve extends forwards to the cells of e anterior
carns, Which also send some of their processes fomgifidiaedly, and are reached by the
pasterior roots. Moreover, [ have in another menoir shown taat, while sse portion of thie
wpprr toots of the samel-recessory nerve and ore porlion of e cogus roalfs proceed
enmrerds to thefr vespectioe wacled bedind the conal, other portions of doth bend farwarda
fo the resienlar refwork info wliich the malerior corine bas becorme reselved ®, Agan, 1 linve
shown, in the same memoir, that some of the roots of the feifeciel neree descend fpgi-
tuddinally theowgh fhe eopit corinw, between the transverse roota of the segiie; in which
coursr they are probably brought into connexion with the respirafory cortres, and perhngps
also, like the eegrs, with the anterior grey substance of the medulb. Tlhese extensve
amd intimate connexions =eem (o afford an explanation of the mechanism by which
impressions made on tee vagus wnd on the incident Glres of the trifacial sod spinal nerves,
iy cull into action the whole class of vespirutory muwscles ;. aned if the tract which I luve
Just degeribed in the upper part of the cervical pegion be contivious, as it prebably 1=
with the fractes iaferyediodaferalis, which is reaclied by the dorsal neraes supplyving the
intereostal amd other respiratory muscles of the trunk, the explosation in guestion. will
b still miore completet.

1 shall now brietly trce the posterior vesienlar columns of the human cond from the
dorsal region duwnwards, At the upper part of the lumbar region, s in Mammalia, they
are lagger than in any other portion of the cond (see fig. 15, M, Plate XX1L)L They have
the samae forn and dark appearnee o= in e dorsal region, bat contain more large cells
As they descend, however, the dork masses dininisl, and are frequently broken in

* Bee the suthor's © Modulla Oblangata,” Phil. Trane, Pare 1. 1858, pp. 252, 253, figs. 10 and i

+ Barib in this cesmmunieallen amd that an the Medulla "||||:|||,;:I.'l. 1 have alstmimed lrom denwing Ay
physiclegical eomclusions, exeept om this one comsion, where 5o may feont faets required to be brouglt
1-.-F1.Iu-r whale feeski in the EEIIOEY o il peaiker,
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part=: their langer cells, also, are gradually rediuced in number, but athers of o smaller Kind
arie =emttened through the speces which they occupied.  In the middle of this region, the
lsimbear (fig. 15, Plate XX M), there is still, near the centre of the condx cornn, a some-
what durk and irregular mass, which in a moderately thin section may be very distinetly
sevn oven with the naked eve.  Each of these masses is interlaced and sarrounded, as
usual, en s onter side by bundles of the posterior roots, and traversed by the transverss
conymissure, They present no traces of the large, strongly-marked cells which are found
higher up, bat, when examinsl under a sufficiently high magnifving power, they are sten
to be interspersed and surrounded by eells of a smaller awd more delicate kind, like those
contained in the corresponding part of the corvieal region.  In descending through the
conus medullaris, the posterior cormua, by the retveat of the border between them, be-
come gradually shertened and approach each other towards the middle line, so that the
srey substance on the inner side of each cereir is bronght nearer the contral canal (com-
pare figs. 16 & 17, Plate XXTL M) This grey substunce, which, 1 think, must be eon-
sidered as the remains of the pestenor vesioaler eolumn, is still intersperssd with
wltitnde of small wmd delicate colls, which lic amongst the fibres of the transverse con-
missure and posterior roods of the nerves.  But there is scareely any trace of the pecoliar
group which is found in Mammalin on eacl side, sl o little behind, the canal.  Some-
times, owever, two or three eells rather boger thian the rest moy be scen ot this spot
in comnexion with a fow fibres of the anterior roots, but they are not distinguishable as
o sepEte gronp.

In my frst deseription of the posterior vesicular colamne, it was stated that in the
Calf they commenes small at the lower extremity of the cord, inercase in size in lumbar
and cervical enlargements, aml termionte at the upper part in the medulla oldongata,
This statenient, though in many respects true, st be modified by the deseriptions
alsove given. It is true that they are actually largese, and contain the greatest number
of large cells in the lumbar region, but only at its upper part; it is also true that both
in the Calf and Sheep the large cells seattered through the inner half of the cervix
o are at least ns pumorous in the lower part of the cervical enlargement as in the
dlorsal region.  Stiaxs, however, while agrecing in the main with my first deseription of
these eolumns and of their esmexion with the posterior roots, denies their existence at
the apper part of the cervieal enlargement ; for he docs not consider the eells seattered
thirough the inner half of the corvix cormu as part of the vesicular columns ; awd in the
two lower thinds of the lumbar enleggement, he denies the existence of cells altogether:
unader low powers of the microscope they are cortainly not visible®,

# lm disenssing the causes whick kave led to this difference of apinion between himsel§ and me. he adopes
a vory smynalar kisul of afgument. 1. Hio asawees ihat 1 made the sections thacker ab ane |-u|-! ol the cerd
Than a1 apstber. 2 e samemes that T ng:\rd' ol i.l"i:ng' ak lsffipent #‘]'Lh‘h ke gne h._'IE'F'. i e
rpuenee of the mecemary pressare resuliing from e omployment of Canada balsam and thin sovering plass.
Thee Uanada balsam which I always wse i3 fluid ;| cveryone eovers his preparations with thin glass | and if,
s Bep gt my ||r|'|-'.lr:Li||[lI e .1|r\,'.'|-l‘|:| Low iramsparent, heere 1= oo movsd ._-"J_lnl,.y“;\l



e Co — —

MR. J. L. CLARKE OX THE GREY SUBSTAXCE OF THE SPINAL CORD. 454

I was desirons to know whether the posterior vesiculur colummns sre present i the
spinal cond of the lower Vertebrata. 1 found that in Binds, as in the Iuger Manmalia,
the posterior cormua, near the middle of the dorsal region, are united along their igner
borders, and form but o single mos, aroumd which the gefalivors subsfipee oxtends
withouwt interruption,  Each on its onter side, where the caped comm joins the cereir,
is very much constricted, but agnin dilates as it extends forwends to be continuous with
the anterior cormu, so that the entire grey substanee has nearly the form of an howr-gloss
or goblet (see fg. 32, Plate XX1IL).  Numerous cells of varions shapes amd of moderte
size are scattered on each side and bebind the canal, amd are traversed by the posterion
moots proceeding throwgh the constriction ; bt there are no dark masses at all corre
sposaling o these of the posterior sesicular eolumns.  In receding from the dorsl region,
both upwards and downwards, the pesterior comun grdually sepamate, and the anteror
cornua become enlarged.  In Maommalia, and especially in Man, it has been seen that,
theough the middle of the cervical and lumbar cnlargements, the cells on the ioner side
of the eervix cornu are reduced in size. In Binds, on the contrary, they ave mock
larger than in any other region,  Thas is perticalordy the ense in the lumbar enlange-
ment, cxpecinlly near its middle, where they form o distinet group, which s tmsersed
and surrounded by the posterior roots of the nerves (sce M, fige. 34, 53, and 356G,
Plate XXIIL). They are mostly oval amd rownd, with lange muelei, and send oot
their processes in different dircetions.  In the corresponding part of the cervienl region
the larger coells are less numerons, but are mingled with others of o smoller kil

In Regetiles, it is anly in the ewnes sredullaris that the posterior commm are united inte
o single mass,  In o transverse section they present no dark masses resembling these of
the posterior vesicular columns, but only a few colls, of varions shapes, at their bases,
A distinet straturm, however, of smoll fusiform eells, in connexion with the filves of
the posterior roots of the nerves, extends diagonally from the point of cach comu te
the posterior commissure, which s also interspersed with nomerons noecled, like those
of the epithelium which lines the canal.  In the corvieal amd lumbar enlargement, the
eells, as well as the stootom which they form, are larger than in the dorsal region,

(See figs, 44 & 45, Plate XXV.).

O fhe Grey Substance of the Filwme Terniinale,

In the comws mednflaris of the hman cond, as soon as the pesterior cornin luve
united ut their inner sides in a single mass (fig. 19, Plate XXIIL ), the gelatisons sub
atanee (o] becomes continuons from side to side in a corve with its concavity lockwards,
in which the posterior eolumns (A) nre included *; but, as it descends through the #ifem

¥ The inmify of the gelati 1 v seross the middle line was asserted in my fimst commanicas
tiom, nod has sinee been found o hinds blr Merzres, © e Medulls :quim]i:. Avinm Textwra,” po 14 (1855).
Sricsaxa, however, in his lake werk, demics the facl, and maislzins = that (e middle portion is geey, noad not
gelalinows, substanee '™ [ das Mintelstiock 181 grawe Sobstane, und nicht gelstindse ); and sdds that my
medbod of prepamation remdered these two sl wa Doo LF

MICCLAX. do

parent to perecive any differemee between
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ferminale, it rises to the surface inthe middle line wud extends directly across (see fig, 20,
Plate X X111 ): meanwhile the posterior columns (A, A) become gradually shallovwer and
at length disappear, ercept ot the sides, so that the gefafinoes sbatance behind is covered
only by the pia mater (o) of the cord, with which it is immedintely connectoed,  The deep
psterior strata of the lateral colomns obliterate it at the sides, by encroaching in bundles
on the grev substance which forms o continonous network aronnd them.  Still lower down
(zee fig. 21, Plate XXIIL) the canal is prolonged backwards as far as the gelatinons sub-
stunee, nod dilates in a lateral divection behind the dark bowdles (1Y, which in the pre-
celing sections oceupied the interier of each caput commn. (See explanation of 'lates. )

In Mammulin a series of nearly similer changes moay be olserved, except that the
posterior eolumms are not intermupted in the mededle line,

Fig, 22, Plate XXIV, represcnts o trensverse section of the s smedwllaris of the
O, near the thind pair of coceygeal nerves, magnificd 60 diameters.  Multitubes of fibres
are observod to radiste from the grey substanoe and form o beantiful network through
the white columns=  From the cxtremities of the antertor cornun considernble offsets of
the grev substance are prolonged throwgh the anterior columns, rejoining cach other
around masses of longitwdinal fbres, and reaching the surface to be continuows with the
layer of connective tissne.  Amongst these ofisets, and even & the masses of longitudinal
fibres, several large cells are scattercd very neardy to the surface of the conl; some of
their processes apgear (o reach the connective tissae al the surface.

Through the lower part of the conus medullaris the canal continues to enlagge. It
nearly reaches the anterior Assure, and extends backwands to the gelofimos subafares, in
fromt of whieh it dilates ina lateral divection (see g, 23, Plae XXIV.).  The grey sub-
stanee, s it descends through the conms, grudually decreases in quantity, and is encrouched
upont more and more by the anteroslnteral eolomns, arownd the busdles of which it
malintes oulwands as a network,  Numerouns small oval wed fusaformn cells, with one or
twao others of superior size, arc seattered throngls it. The Blum tevminale, i its natomsl
state, nppears o be o newrly eylindrienl tubule, bat, when hardened in spavit or chromie
acid, is more oF less flattened ot the sides, so that the canal becomes compressed and
Plate XXTIV. ], The grey substanee is
at fength redueced to o mere border or fringe (g, 20}, from the clges of which o series
of tapering processes (o, @) extend throough the white substmce to the pic mater at the
surface.  The lerger kind of colls have cntirely disappearsd, but & nomber of small
fusiform cells, or nuclel, resemliling those of the connective tissue, are ohaerved in con-
tinuity with fibres which mn aling it and form arches from one process of the grey
substance to another, as they puss out to the white columns.

sometimes completely collapsed (see figs. 24 & 25,

them (¢ Urange’s Prepamtionssmethode weigle ithm aber beide S3ubstanzen zu bell, als dasa or einen Unter-
sehipnd hatte findem kdomen '™); but, ifl he bad taken the trouble 1o fead the explamstion of the figure in
spuestion, e would have seen fhat it was drawn from a section of the comus medullans, treaked exly by
acedic aeid,  The comtinuity of the gelatinous substance is so sppareml ot this part, both in & fresh state
and whein hardoned with chromic acid, thal STiLLi®e's denial of the fset secms (o me unseesaniable.
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OF the Epithelinvm of the Contral Canad.

In the O, the epithedivon whicl lines the central canal eonsista not only of coliamaee
or evlindrical cells—as 1 first deseribed them ®, and a8 they hove sinee been deseribed
I.I"!;' other observers—but also of oells which are more or Il‘mfwﬂr' . Fig. 3, IMlate
XXIL () is an exact representation of some of their forms, maguified 400 diameters.
In the eofuminar variety (the first three on the left of o) the nmelews is lange, sometines
spheroddal, but generally oval, and contuing apparently from two to five lorge, brilliant,
globular granules or nucleoli, which powerfully refract the light.  Detween this amld the
VETEE of the ennal the free cilinted end of the eell i broad and short like the cnd of o
evlindrical brush, and appeors o be made ap of grnnlor Abees; bat in the fusifors
epithelinm (the four on the right of a)., the corresponding free portion consists only of
i Jong wnd sarrow kind of stalk extending from the tapering end of the coll, whick
Intter in this ense is similar to what forms the soelers of the colwueer varicty, and
containg several brilliant granules, which sre frequently areanged in a row.  Between
these two kinds of cpitheliun  there are different grades of transition.  They are all
beautifully packed in close apposition, =0 that the convexity of cach is applicd 1o the
concavity of these which surround i, snd by reason of i= peculior shape, @ exactly
oecupies the intervening spoce (see fig, 534, Plate XXTL)  Tn the Sepen spionl cond,
the canal is often completely filled up by what would appear to be the débeis of the epi-
thelinm ; for nothing is to be seen bt a confused heap of sicled, which are here mostly
large and round: but sometimes in the midst of this leeap there remains o small opens
ing or canal, which, strange to sy, is still lined or surromaded ot is weegie by the wswal
regular layer of columnar eolls; and what is still more coriows, T occasiomally fnd, par-
tieularly in the cervienl region, fas such secondary cannls, each lined in the ordinary way
(see fig, 58, Plate XXTL)

The cilia of thiz epithelium are much coarser and bess numerons than these in the
larynx amd trachen (fg. 538, In the ewrws gpedufloris they may be very well seen
aroumd the entire circumiference of the canal, but in other regions of the cord they are
vory sparingly found. I this be the result of accident in manipulation, it is difficalt to
sy why they are always preserved in the one place and not in the others,

The light-colowred space immediately surronmling the canal is interspersed with mucled
o small cells.  Some of these are round or oval, finely gronulay, and exactly resemble
those in the connective tisswe of the white columns (see fig. 46, Plate XX11L ¢); others
are similar to the wweled of the epitheliom, and have the sune Kind of large brillian
granules, or nuacleali, but are themselves rather smaller,  These latter nucle, which are
frequently elongated in different dircctions, are connected with the processes of the epi-
thelium (see fig. 53, Plate XX11 &), and also with the fine fibres which sarround the
canal, and which are precisely similar to the fibres of connective tissue at the eircam-
ferenee of the cord . They are not, however, confined to the neighlourbomd of the

* Philesophical Transactions, 1831, p. 614

+ In 1831, | deseribed the light-coloured part immediately surrounding the capal, a5 composed of dla-

ol
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canal, for they may be foumd in different parts of the grey sabstonee, and in the pesterior
fisre.  The only diference between them ool the seclfe found in the white colinas
il i mveter, is, that in the fefter cses the gremsules or muefeoli ave soeflfer; but in the
Tortoise T have found that nuclei whicl, in every minute particular, eractly resemble
those of the epithelinm, may be trmced continuously from the edge of the canal thmngh
the whofe of the grey substanee ad the akife columns of the cond®, Indeed, the spinal
canl appears only to be the part where they ane moe: thickly aceamnlated in layers ;. and
even there they are not enclosed inocells, bt are conneeted only by o wmrdsble number
of fibres with the verge of the conal (see fig, 34, Plate XXIL G, and explosntion of
Mate). There is good reason, then, for belicving that bath the epithelinm ansd the small
eolls or nucled by which it is surrounded, are allied o the connective tissue,

The suter ends of the epithelial cells taper inte delicate fibres, of which those pro-
ceeding from the columnar variety are the thickest (fg, 55, Plate XXIL)  These fibres
radiate in all directions, and cither run side by side. or cross each other in various ways
and subdivide to join in an intricate network.  For o considerable distanes around the
canal they may be I’mluwnt]}' seen, as alremldy stated, to be continuous with the small
cells or nuclei above described.  Some of them mn dircctly backwands across e poste
vior commissure and along the posterior median fissure ;. some extend forwards scross
the anferior commizsure to the inner slges of the anterior cofeaes, and moy be traced
in part to blood-vessels and pia mater containel in the median saleos; while others run
off in a lateral direction and are lost in the grey substance.  In the fifune fermimnale,
where this substance, as alresdy remarked, is reduced o a narrow fringe (fige 24 & 25,
Plate XXIV.), their actual destination may often be very satisfoctorily traced by means
of my methed of prepamtion.  Here they may be seen, ssnetimes at might angles, and
somatimes more sbliquely to the axiz of the cord, to poss roegh the grey subefonce sl
then through the white colivmrs to join the connective tisswe, overy part of which is
interspersed with nucled like those in continuity with the fibres in fhe eontral firfige,
which here evidently consista of the sane Kind of tssue as the light-coloured space
surronnding the canal in other regions of the conl.

Haxxover regards the cells which line the corchm] ventricles as troe seree-cells, and
Bipper tnkes the same view of these rownd the spinal eanal ; while Stiuss considers
them as epithelinm, but, nevertheless, believes that the fibres which they give off form
clementary parts of the primitive seree-fibres and werce-cells, with both of which,
according to him, they ame dircetly contineous.  Hle professes o have seen the peri-
prheral emds of twi Oi'lithl'lirll-{'l:'llt unite with cach ctber after a shorter or longer course,
and then enter a merce-cell; o the process of a reroecell divides inte two or three
branches, which end in two or three epithelium-cellsf. By the most careful examing-
mentous or connective tissue, in opposition o Sritsaxae, who considered it to comsist of grey nerresfilres,
and called it the circular cemmicenre, bub now calls it the * sabstantia gelatinosa centralia™ (sce Philoso-
phical Transactions, Part 1. p. 814, 1851).

#* 1 have Found the same o the Cat,

t = Boweilen sicht Mag dée peripherischen Enden sweier Epathebaleylinder in kirserer oder [angorer
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tion of some lnmdreds of preparations, I bave never been able to perecive that the
epithelial-processes are connected with any other than the smeff cells or nonelei which 1
have already deseribed. 1 have sometimes seen the process of o bege wervecell extend
clise up to the epithelinm. but T have genemlly sucoesdel in oocing 10 ond the
canal to the spposife mde of the conl ®. I the pocesses of the epithelinloclls were
directly continuons with, amd formed elementary parts of, servecells and aere-fibres,
we might reasonably expeet o find the number of the fonmer always in proportion o
that of the lotter; but the very reverse is the onse; for, ns we have just seen, in the
Jilwm derminale, where both seooecells and serve-filbres have safirely disgppeared, the
eeriter i8 munch feeger, and the apifheliel-cefls nre consequently much move numerons than
in any other region; while, as [ bave already shown, their processes may be fraced
through the surrounding white substanee as far as the sarfaee of the eend,

1 have nothing to add to the deseription which T formerly guve of the antoerior roots
af the spival werves, except that in the cones medullecis T constantly find that some of
the fibres of these rools ferminate i Fno‘u:r round the gronp of cells in the anlerior oo ;
but whether they be mmlly sercetibres 1 have not quite satisfied mysell.  Sometimes
they form loops between two different bundles of roots, aml sometimes n filee from one
budle returns moa lmp to the inmer or outer side of the anterior column.  But in the
s region of the cond 1 have seen the prowesses of the nervescells extend so fn-:lm-m[}'
into the anterior roots, that there can be no doubt that some of the Intter arse from
themt.  Inthe corvical wul lombar regions of the Tortoise, but capecially i the lombay
enlargement, the conmse and conexions of the processes procecding from the cells of
the anterior cormua are extremely intercsting.  Fig. 44, Plate XX V. represents a trnss
verse section of one lnteral hall of the grey substance, throngh the mididle of te nbar
enlargement.  From the whole of its loleml border numerous lange bunidles of filines
proceed outwands amld form with cach other a beoautiful network between faseiculi of
the antero-lateral column.  Some of these fibves converge from the central parts of the
grey substance: the rest procecd from the voots of the nerves, amd from the eells of botl
the posterior and snterier comus, bat particsterly from the latter,  The large eclls of
cach anterior comn form a considerable geoup; they are angular, sigmoid, oresoentic
and fusiform, and eforgated to an efreardivary degree in o dircetion obliguely back-
wards, The processes from their auterior extremities are continuous with the anterior

Entfermung vom Mittelstisck mit cinander versclmelzen, umil in cine Nervonzelle iilergelen, rosp., dia
Forteate civer Norvenzelle sich dichotomisch oft triclotonsisch theiben und in ened oder drel Epitholial-
cylindern endigen,'”  ** Ea ist mir aber sehr wabirseheinlich, duss diese AusBiafir aler poripheriscson Enden
der Epitbelialeellon als Elementarrireben dee betrcifenden Prisnitivnerventser oder Nerveneello, in welche
sie eintreten, bestehon.” —Newe Untersachunges, Ereste Lichemang, po 11 (1557,

* In the covcygeal regiom of the cord, processes from the mervecells i the anterior coma may be very
distanetly seem (o eross bokh in fread nnd Seliad the canal to the spposite side.

+ 1 mever. ns Sonmioes vax pune Kove asserts, deafed the eomnexion of morvesfibres with processes of
cells, but simply maistained that the cecasional extension of these processes inte Berverecls was nod A
sufficiens. proof of such a connexion, for they might b distrituted 1o Bloodoressels,
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roots of the nerves, or cscape through the anterior columns ;. while these from their
preaterior ends extend backwards to differcnt distances, amd form o continnous stratum
of fibres along the lateral morgin of the geey substance: some of them join the fibves
which radiate from the contre, and contribute in suecession to form the bundles whicl
eseaper as o network through the antero-lateral colwmn ; others extend as far as the
posferior comu, and scem to be continuoeus with the posterter roots which cscage
through the postere-latera] fasure,  The reat of the posterior reots partly descend towands
the centre of the anterier commu, and partly eross the posterior comma dingonally in
comnexion with a chain of cclls, to be continnons with the trinsverse commissure.  In
the cervical enlargement (fig. 45), the cells of the anterior cormu are more numerous
and more diversified in shape ; some of thom sond processes towands the anterior com-
miizsure, but a great number have no apparent connexion with it.

In my first communication on the sl cord, 1 stated that the posterior roots of the
spinal nerves are attached erclusively to the posterior white coluomns, T have sinee
found that the same assertion was made by Boraxpo: he says, = tatti @ fili nervosi delle
rulici posterion se staccann esclusivamente dai cordoni posteriori del gran funicolo spi-
e s cid clie pud esere comprovate in varie o differenti maniere®”  Stiuaxe denices
the fuet, nnd mnintains that in the Inmbar region a few fibres toverse the posterior part
of the snteradaternl column. 1 have aguin eavcfully gone ever the ground, in the cord
roth of Man and different animals, and find that my statement is correct.  STiLLNG has
protably confonnded nerve-fibres with the blood-vesels which traverse the posterior part
of the anterc-lateral colummn much in the way that he represents,

APPENDIX.
[Added during the printing of ilbe Faper.]

Convineed of the superiority and value, in many respects, of my method of anatormieal
rescarch, T will here describe it move fully, together with the modifications which T
have II'I:II"I!.' introdluced i some stages of the process, amd the precoutions necessary to
he olserved in order to ensure sueeess,

The structure or part intewded for examination should be as fresh as possible, and
ont into portions ns small ns is compatibde with the end in view. These portions 1
Enrnu—rlg.' hardened by means of o mixture of one part ufaq-irit of wine and three parts of
water, which at the cnd of twenty-four hours was reploesd by a fresh mixtore of equal
parts of spirit aoud water, amd this again after the same interval was replncod by pure
sparit, which ought to be renewed every five or six days. At the end of ten to fourteen
days the medulla is sofficiently hand for making sections, which are then subjected to
the following process for the purpose of inducing transparency.  The scctions are first
placed in amixture of one part of strong acetic acid, and four, five, or six of spirit, for a

* O, el p. B2,

»
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period varying from two or three o ten minutes, aceonlding te their thickness,  They ane
then washed in pare spivit, after which, i thin, they are floated on the surfiee of spirit
of turpentine, where they remnin uitil they are gquite, or pearly transparent, when they
e pemoved to glass slides on which a Bitle Cooeda balsam bas been previonsly drogped.
IF now examined ander the microseope, they frequently show but Bttle or ne teees of
colls or fibres—a cireumstance which scems to have of fiesf consel SCHRGDER VAN pER
KoLk and some others (o abandon the methed ; but if the sections be set aside for some
time wnd treated ocesionally with o linle torpentine and Canula balsun, the cells and
fibres veappenr mnd present o beantiful appearnoce.  Before they are Bually covered with
thin glass, they should be exumined ot intervals by the microseope. 10 the scetions be
fhefed, T find it best to place them in s shallow vessel, the bottom of whicl is kept simply
wet with turpentine, which con therefore aseend from below while the spirit evaporates
from their spper sucfaces ;. for the prieeiple of the method i this,—to replace the spirit
Iy qurpentine, wad this by Canada balsam without dreging the sections.  The metlhasd at
first prezcnts some difficulties, awd prctice is neeessary to cnsure complete snecess,
Experience, also, will suggest, meconding to circumstances, many little deviations from
the exact rules here given, which to a eertain extent must be considered as gencral.

For the last three years 1 have used chromie acid instead of spirit in the process of
hardesing.  Thisis one of the modifications mentioned in my memoir = On the Medulla
Oblongmin™®,  The medolla of Man and the higher Mammalia is steeped in o solution
of one part of crystallized chromic acid in 200 parts of water, for two or three weeks,
and then kept in a solution of about one part of bichromate of potash in 100 or 200
parts of waterd.  Spinit is vl to wet the Knife in moking the scetions, which are first
paced in spirit for o fow minutes, and then (with or without the previous wse of aeetic
acid) transferred to the torpentine and Canada balsam, as before,

Lesnossgk, Geeuacn, and quite recently Scowéoer vaxy peg Kok, have adopted this
metlinl of remslering sections transparent.  Lexpossgs wses spint for haedening the
medulla, with some slight modifiention in other stages of the process.  An entire serics
of very benutiful prepantions of the cond and medulla obldongata have been purchased
of lim by the Royal College of Surgeons of London,  GErtacy nses bichromate of
putash in the process of hardening ; then wectic aceid, spirit, snd Canada bolsund.  He
decs not menfion turpentine ; bt if this be dispensed with, the Canada balsam must be
very thin, and the section must be placed on its surface to allow of the evapomation of
the spirit, which will not mix wit the balsan, but in contact with it becomes furbid
aml epake,

In his Ezeny om the Spinal Cond pulilished in 1854, Scunboer vax per Kolk ssys that
my (secoml) method, * which appears to have been extremely suceessful,” did not sue-

® 1857, Philosophical Transactions for 1955, Pare T,

t For the Rodentia, Bieds, Reptiles, anl Fishes, it is necessary to use the solution much weaker—alsst
ane part to G of water, anl gradually increase the strength st the end of o week.

% Mikroskopische Studicn, p. 2, 1358, Erlamgen
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ceed with him; * the prepamtion became only portially clear, and the ganglionic oclls,
fromn which the fat seemed to be removed, were rendered indistinet®.” It is perfectly
clear that he had not safficient practice in the process.  Ife says again, in speaking of
Lesuosstr, = he follows Cranke's method with turpentine, which, secording fo my arpe-
rienee, cannot lead to correct pesulis, as the spinal marrow is too much alicred by that
agentd”  After eritivising every other method, he deseribes his own, which consists in
the use of eoncentmted chloride of calcium, and swhicly, mtl[dim?! to his experiomos,
*alesorves to be preferred to all the others.”  But now we find that he has abandoned
it, and adopted wy method in conjunction with the colouring process recommended by
Gigneace ; for in o supplementary pamgraph to the English translation which has just
been issued by the Sydenham Society (1850]), he states that after some trinls he finds
this masbe of making preparations the most satisfctory, and in many respects still better
than with chloride of eafeiim.  The section, after hoving been eolonred with solution
of carmine and washed i sparit, is Idd v o wateh-gloss amd allowed to dry & litthe,
after which, * o eouple of drops of spirit of torpentine are added.  IF it is now left
for twenty-four or forty-cight hours without a covering glass, but protected from the
dust, the spirit evaporates, awd the sbjeet beeomes perfectly clear. Tt is now coversid
with Canada balsam and o glasst” The eolouring with earmine is often very useful,
but 1 think it rather interferes with the sharpness of the fibres, 1 have long nsed, occa-
gionally, a eolouring fluid known to painters and wooid-stainers by the name of archel.
When carmiine is used, the solution should be previously filtered, otherwise a deposit or
crust s apt to form on the olgect; and for the same reason, the section, after having
been eolonred, should be washed in water before it is placed in the spirit, which readily
precipitates the carmine.

Srinse s given o full, bat somewhat inconsistent and incorreet eriticism on my
method,  He concludes by saying, * While it is allowed that by the employment of
Crapge’s method many truths indeed in reference to the minute structure of the spinal
eoril may be brought to light, and that CLarke's labours must be sid to be quite trost-
worthy (reeht anerkennenswerthe), it must nevertheless be observed that the condition
of certain textures, such as the elementary structare of the primitive nerve-fibres and
the nerve-cells, are so altered by it, that this method in many respects must be con-
sidered as an obstacle to the more exact Kind of investigation §,”

Now, although 1 am not so blindly prejudiced as to maintain that preparations made
by this method are in every respect porfect, 1 do maintain that it produces but Litthe
alteration from the natural appearance of the nerve-cells, and that almost the only
structure that appears to suffer more than from chromic acid alone s the white sab-
stance of the nervefibre; and even this may be perfectly preserved if the medulla is
placed first in a weak solution of chromic neid and then in & solution which is much
stronger.  Fig. 1, Plate XTX., wos drvwn from a preparation made in this way, and of

# Translatbon of Sydenbam Sceicty, 1850, p. 30, t ILid. p. 28
¢ Loe. aif. p. 83, § Neur Untorssch., 5 Lief. p. 1071,
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which it is as exact a copy as possible.  But even the foss of the wbite sdatauce would
be of no consequence for tmeing the covese of the nerve-fibres, the axis-cylinders of
which in these preparations are rendered unwsually strong and distinet.  And if T wish
to investigate the saferad strecture of the nervesfibres and cells, 1 select a perfectly fresh
and wnaltered specimen from an aninad st Killed (as T statesd in my first conmmmica-
tion to the Roynl Seciety, 1851): for I never think of tresting to any kind of prepara-
tion, or even to chromic acid, which STiLLI%G wses, and which coagulates the contents of
the nervefibres and alters their appearnnee after a short maceration.  Not that 1 rejeot
other methods: for 1 find seetions of the medulla, simply bandessesd in chromie aebd, of
great service, aod wse them ugely, particularly for drwing figures under low powers,
and semetimes for examination under higher powers, when [ have been in some deubt
a2 to the nature of the tissue,  In fact, Temploy whatever means appears most suitable
for the occasion and most likely o lead me to the truth.  Buot T still contend, that
for clearness, sharpness of ontline and fine definition under the higher powers,—for the
advantage of obtaining fhied sections of great framsparercy, and for the dueability ad
unchangeableness of the prepamtions when properly made, 1 know of no method that
will benr any comparison with this. To confirm this opinion in one respect, 1 may
mention the fact, that althongh STiLie, in his recent work, las deseribed and repre-
sented the spiral strueture of the fibres of the white columns of the Caff under a power
of 1100 diameters, hie lins failed to detect the nueleated colls and nwclei which are so
beantifully seen by means af my method under o power of 50 diameters.

Exriacatios oF THE PLaTes

Fig. 1. Mate XTX. represents o transverse section of the oo corne posferions wml par
of the eeroir cormn, with o portion of the surronnding posterior and lateral
white columns; from the middle of the cervical enlargement of the Ox:
drawn from a preparation magnified 50 dianeters —A, A, A, part of the pute
rior white column; B, B, part of the laterl colwmn: the small circles aod
dark apots represent the cut emls of longitudinal and oblique fibwes,  These
columns are trversed by a beantiful network of Blool-vessels and nervedibres
rdiating from all parts of the grey substance. At b & (the peak of the
eommn) may be seen extending outwards the processes of nerve-cells sitnated
in the network between bundles of the white column,  The decler portion
of the caprf cormn eonsists principally of numerons lowgitudinad and olligue
bundles of fibres, with blosdvessels, and of the posterior veots of the neroes,
with cells chicfly of the small mud intermediate size: the fgbter space behind
and at the sides is the gelatinors adstaies, studded with small cells, and
linving a strtum of berge cells and marginal nerve-fibres along its posterior
border next the posterior column, into which some of the processes of the
eells may be seen o extend. O, C, part of the erreir comu, containing some

MBI LLX. ir
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large colls, and erossed in different divections by the posterior roots of the
nerves, and by fibves which radiate to the white columns. At the junction
of the cervie and eapud cormu, near the dght bonder of the grey substanee,
are five large bundles of longitudinal fibres, interlaced by transverse fibres,
and more or less encircled by lorge elongated nerve-cells, which send some of
their processes longitudinally.,

Fig. 2, Plate XX, represents a transverse section of the grey substance from the middle
of the dorsal region of the Ox; drawn from s prepaeration magnified 60 din-
meters :—I0, 1), posterior cormua, the points of which are cut off; on the left
stde, the letter I} is in the darker portion of the erpad cormu. The nerve-
cells are shown chicfly on the right side. g, the gelatinous substanee ;
E, E, snterior cornun; F, troctus intermedio-daternlis of right side; two of
its eells are seen extending into the lnteral column towards the letter F;
Gi, central eamal, lined with epithelium, from which fibres rdiate in con-
nexion with small cells and ouclel, through the surrounding transparont
spaee, H; behind H iz the posterior transverse commissure, the fibres of
which are in connexion with fusiform cells, and partly extend outwands to
the tractus intermedico-lateralis, F: I, two bundles of longitadinal filives,
cut off from the anterior columns by transverse fibres of the anterior com-
missare, K, K; L, anterior median fisare; £, posterior modion fissure ;
P, 1, bandles of posterior nervesroots; M, M, cylinders of the posfertor exi-
cuday eofwping : N, three bundles of longitudina] fibres near the margin of
the grey substance, and two of which are seen to be partinlly embraced by
nerve=cells; T, filires of the posterior commissure extending outwards ; s, outer
side of cervix cormu posterionis of left side, where there is o decussation
between the fibres of the posterior reots, in counexion with the posterior
vesicnlar columns and the posterior commisswee ; of, anterior roots of the
NErYes,

G, Mate XX1. Transverse section of the grey substance of the Ox, at the upper
part of the dorsal region, where the pesterior cormon ane beginning to sepo-
rate from cach other in the middle line:—F, tractus intermedio-lateralis,
cxtending inwards towards the posterior transverse commissure, and the front
of the posterior vesicular column.

Fig. 4, Plote XX, A similar section, higher up, near the lower end of the cervienl

enlargement.

Figs. & to 21 are transverse sections of the grey substance of the spinal cord, from a

Woman aged 33 vears,

g. 4, Plate XXI1. Scction near the middle of the dorsl region =—F, tractus inter-

medio-lnteralis; M, posterior vesieular column.

Fig, G, Plaw XX1. Another, at the upper part of the dorsal region.

Fig. 7. Plate XXL A similar section through the lower part of the cervical enlurge-

Fia
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ment; the tractus intermeliolateralis, F, rests on the lateral projection of
the anterior cormu, behind a group of large vesicles, and is connected by net-
work with the esroir cwmun posterioris,

Figs. & & 9, Plate X X1 Sections of the laternl half of the grey substance, successively
nearer the middle of the corvical colurgement =X, large bundles of boagitu-
dinal fibres near the lateral mlge of the grey substance,

A, 10, Plate XXT1. Lateral half of the grey substance, throngh the middle of the cer-
vieal enlargement: the tructus intermedio-lateralis is mo longer visible, bt
the lateral irmjnc‘tinu of the anterior cornn, on which it rested, is still con-
nected by a network with the side of the corvix comu, which is picnoed by
severl bundles of longitudinal fibres, N,

Fig. 11, Plate XXI. A dmilar section of the grey substance at the fourth cervical
nerves :—N, longitidinal bundles of the laternl column, encloscd in e
meshes of a network procesding from the grey substonee, and contsining
small cells; through this network the roots of the spinal-aceessory nerve pro-
coed from behind forwards to the fracties inderaedio-foteraliz, F, and 1o the
cells of the antertor comu; P, posterior roots of the <pinel nerves; M, poste-
rior vesienlar column traversed by bundles of the posterior roots, and by the
LrRTEVE R COMLEETE,

Fig. 12, Plate XXV, Similar section at the upper part of the thivd cervieal nerves,
magnificd 60 dinmeters —N, N, N, network proceeding from the side of the
pesterior cornu and tractus intermedio-lateralis, containing small cells and
enclosing bundles of fibres of the Interm] column, between which the roots of
the spinal-nccesory nerve procecd forwards to the frecfes infermedio-laferalis,
F, amd to the anterior comu; the extremity, and partienlarly the onter gor-
tion, of the anterior commu is pierced by numerous longitudioal bundles [repre-
semtel by the dark round or oval masses), between which the fibres of the
anterior peots (') cross ench other in an intricate plesus | amongst this plexus
are several large nerve-cells, which partinlly emboace the buedles and send
gomme of their processes longitudinally,

Fig. 15, Plate XXL Traosverse section of one laternl half of the grey substance at the
upper part of the lumbar cnlirgement ; the posterior vesicular column, M, is
larger than in any other HegiaaL.

Fig. 14, Plate XX1. A similar section, nearer the middle of the lambor enlargement.

Fig, 16, Mate XX1. Anoiher section, through the middle of the same enlargement :
the posterior vesicular eolumn, M, is composed almost entively of small cells
the lnteral part of the cervix comu is pierced by several bundles of longite-
dinal fibres.

Fig. 16, Plate XXTIL A similar seetion, through the lower part of the lumbar cnlargs-
ment.

Fig. 17, Plate XX11I. Section through the upper part of the conns medullaris

Jp2
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Figs. 15, 19, 20 & £1. Plate XX Sections through the remaining portion of the
conns mrelullaris.

Fig. 1t The gelefiveus sulsfance, g, is continuous across the middle line beneath the
posterior columns, A 1) opake portion of the caput cornu; N, bundles of
longitudinal fibres.

Fig. 20, The posterior white columuns (A, A) are wanting in the middle line, and
terminate by o thin sdge on cach side of the gelatinons substones (g), which
vises to the surfzee in o stright tansverse layer, covered only by pia mater, ne;
Iy, ave the dark bundles which in the preceding figures formed the opake por-
tion of the caput comu;: similar, bot less numerons, bundles ore seattered
througly the rest of the grey substance anteriorly,

Fig. Z1. The spinal canal has extended backwards and sideways in the form of T
its lateral extension is through the gelativows substance, which thus becomes
continnois with the space previously surrounding the centrl canal, while the
part eormesponding to the opake portion of the caput cornu (I¥) is now in
fromt and at the side of the canal.  The romains of the gelatinons substanee
are covered and permeated by a quantity of pin mater, ad'; indeed they now
seem 1o congist of little or nothing else; this pia mater is continnous with
that sarronnding the cord, @', E, the anterior grey substance, forming o
network between bongitudinal bundles of fibres.

Fug. 22, Plate XXV, Transverse seetion of the cwnrs arededlacts of the Ox, at the fivst
puir of coceygeal nerves ; dovwn from s preparstien magnified GO dinmeters .—
A, A, pesterior coluwmms; B, 1, antero-lateral columns.  From the grey sub-
stanoe o beautifnl network of nerve-fibres with blood-vessels extends through
the white, cspecially the antero-lateral, columns (B, B'), and encloses in itz
meshes a multitude of longitudinal bundles.  From the extremitics of the
anterior cornua, considerable offsets of the grey substonee extend throngh
the anterior white columns, which are interspersal with large nervecells
nearly to the surface of the cond.  Fibres from avound the eanal, joined by
others procecding from the epithelium, mn forwands along the sides of the
anterior median fissure to the cireomference,  In the pesterior cormn are
many large bundles of longitudinn] fibres; one of these s partially encireled
by a cell; several other longitadinal bundles aee seen amongst the fibves of
the posterior commissnre,

Fig, 235, Plate XXIV. Transverse section through the lower part of the comes mediellaris
of the Ox ; drawn from a preparation magnificd G0 dinmeters :—A, A, poste-
rior white columns: B, B, antere-lateral colamns; €3, central camal; a, , o,
pesterior grey sulstanee ; E, anterior grey substance: the whole of the grey
substanee, on each side of the canal (which is heve very large), is picreed by
n multitude of longitudingl bundles of fibres of different shapes and sizes
{represented by the dark masses), nml is interspersed with a number of amal!
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eells; n small gronp of lerge colls is found at its anterior extremity on each
sialie,

Fig. 24, Plate XXIV. A similar section, near the el of the sowas wedullaris of the
Ox. 1t appears to be altered in shope by sone aecidental enuse ;. for in its
natural state the canal is vearly of the sme form s o fig 23:—A A
posterior white columns; B, B, sntero-lateral eolunms. The grey substanee
arouid the canal iz reducesd in quantity, and appears as a kind of aetwork
enclosing o multiowle of longitwdinal bundbes; it is also interspersed with
small cells, but contains only o few of o ferger bwd, near its anterior
extremity.

Fig. 26, Plate XXIV. Trnsverse section of the grey sabstanee of the e fermifionde,
or filiform extremity of the cord, magnified 60 diameters.  The canal is col-
tapsed lateradly, bat is natumlly very Jarge, amd the epithelinm is eonsequently
abundant.  The grey substance surrounding it i reduced to o mere inge,
pierced here and there by small lngitudinal edles, snd interspersed with
small eolls or nuclel ==, @, proceses of pin mater, and blood-vessels radinting
from the border of the grey substanee through the white colummis towards
the surfaee.

Figs. 20 to 36, Plate XXIT1. represent transverse sections of the spinal cond of the
domestic Fowl,

Fig. 26, Section at the fivst pair of corvienl nerves,

Fig. 27. Scetion in the middle of the neek,

Fig. 28, Scetion at the upper ciwd of the cervieal enlangement.

Fig. 28, Seetion through the middle of the cervieal enlargenent.

Figs. 30 & 31. Sections through the lower half of the cervieal enlongement,

. 32, Section throngh the middle of the dorsal region,

Figs. 35, 34 & 35, Sections through the apper holf of the sacral enlargement.

Fig. 36, Section through the middle of the seral enlargement.

In fig. 54 the posterior median fissure (1) begins to widen fowards the sor-
fuee, =0 as to Form the commencement of the saerl ventricle ; and thveugl i
the pin mater descends e expands mto o mns which surrounds the cnal,
anil replaces the posterior transverse commissure, T fig, 55 @8 seen an exten:
sion of the same changes.  In fig. 86 the posterior colwmns, with the grey
anbstance, are thrown widely apart, so that the posterior median fissure
dilates into the broadest portion of the ventricle, which is filled by a large
miass of the pia mater (). The lateral holves of the grey sulstanee pre con-
sequently nnited only by the anteror commissure (K), in which there is a
very evident decussation.  Some of the decussating fibres may be traced ine
the corvix comu posterioris.  METELER, whose observations are in general in
accordance with my own, states, however, that a real decussation is fournd
only in the seeral enlargement, and in the upper part of the cervical egion ;
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but T have certainly found a decided bot slighter decussation in the cervical
enlargement,

Figs. 57 to 45 represent transverse sections of the spinal eond of the Tortoise.

Fig. 37, Plate XXI1. Section at the rst pair of cervical nerves. A network [N is pro-
lomgedd from the sides of the grey substance into the antere-lateral columns,
enclosing bundles of their longitudinel fibres,

Fig. #8. Section through the upper part of the corvical enlargement.

Fig. 39, Scction through the middle of the eervical enlargement.

Fig. 4. Section through the middle of the dorsal region.

Fig. 41. Section through the middle of the lambar colasgement.

Figs. 42 & 45, Sections throngh the lower part of the lumbar enlargement.

Fig. 44, Plate XXV, Transverse section of one lateral half of the grey substance,
through the middle of the lumbar enlargement, of the Tortoise, magnified S0
dinmeters :—1), posterior cornu; E, anterior comu ¥, anterior roots of the
nerves; I, posterior roots; B, B, anterolutern] column, divided into separate
faseienli by a beantiful network, formed by nerve.fibres and proeesses of nerve-
cells from the grey substance.

Fig. 45, Plate XXV, Similar section through the middle of the cervical enlorgement of

the Tortoise, magnified S0 diameters. The cells of the anterior cormu present
a more varied shape than in the preceding figure ; and the network in the
antoro-lateral column is neither so considerable nor so aniform as in the Inst
fignrer,

i, Plate XYL Cells from the gefatinors substanee of the Ox, magnified 3600 dia-
mebiers o=, &, eclls of smoll and intermediate size: o ronnd, oval, and fusi-
form nuclel of connective tissace,

tx. A7, Plate XXI11. Large cells from near the posterior bonter of the sme, magnified

230 diameters,

Fig. 45, Plate XX11. Nucleated cells and free nucle from the white columns of the
spinal cond of n Calf, between three and four months old, mognificd 420 dia-
meters :—a, cnt eml of a nerve-fibree, showing a kind of spiral or concentric
arrangernent arounad the axis-cylinder; & & nucleated oclls partially enciveling
the nerve=filres, and atioched o their sheaths ; o, e separte nuckeated cells,
som: with ramifying processes ; o, two ouclented eells from a longitwdinal
section ; ¢, free grinular nuclei.

0, Plate XXI1. Large cells from o fronarerae section of the pesferior vesicular
columns of the Ox, magnificd 220 dinmeters s—a, one of the processes funs
ning in a nearly longitudinal direction.

, Plate XX1L Large cell from o fongifudina! section of the posterior vesicular
columns, mugnificd 220 dinmeters :—ea. process extending towards the poste-
rior nerve-roots ; &, another extending towands the anterior comu,

Flate XXI1 Transverse section of the hnman fracfus infermedio-laferalis, from

Fig. 4

Fig.
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near the middle of the dovsal vegion, magnified 220 dinmeters:=—e, the inner
portion, ndjoining the grey substance between the anterior and pesterior
cornun (soe fig. 6, F, Plate XXL): &, the free extremity extemding trans-
vorsely across the lateral coluwmn ; a, @, 4, fuscienli of longitudinal fibres of the
lateral eolumn.  The troctus is interspersed with cells, from some of which
the processes ceeape with nerve-fibres into the lateral colwmn ; while others
are continuons with nerve-fibves procecding from the tronsverse commissune
and other deep parts of the grey substance, At its inner end (), some of the
cills with their proceses are :hmgnlm! towards the anterior and posterior
cormnn (compare fig. 6, Plate XX1 )}

Fig. 52, Plate XXIL Cells from a transverse seetion of the tractus fntermedionlaterals of
the Ox, magnified 220 dinmeters.

Fig. 53, Plate XXII. Epithelial-cells from the spinal canal of the Ox, maguified 400
dinmeters =—a, isolated cells (the letter is placed over their free, ciliated
emd); &, smme cells packed together fo sife, amd bearing elin, which project
into thie canal.

Fig. 54, Plate XXII. Epithelium from the spinal canal of the Tortoise :—a, &, separate
cells, mognified 400 diameters: G, part of spinal canal, with the cells dis
posed aronnd it, and o little less magnified ; o, free nnclel from the whine
columns: magnificd 400 dinmecters.

Fig. 56, Plate XXI1. Human spinal canal from the cervical region.  Tts onter parts ave
filled up with a heap of epithelial-nucled, in the midst of which are wo
secondary canals, surronuded by the wsunl regular layer.

“ig. O, Plate XXII Longitudingl section of part of the frectis infermedio-faferalis,
magnified about 200 diameters.  The eells are elongated longitodinally at the
verge of the lateral column, the fibres of which are accompanied by their
[IFOCERSEs,
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