




















































































































































































































































































































































162 ON 'l'IIE STHUCTUIH, AND CiRO\\'TII 01' ·1 !SSC-ES. 

the so-callc<l enamel mcn1branc arc nol <lircclly conccrnccl 

iu the formation of enamel, but, that, the enamd rocls arc 

produced ueneatlt it. 

1.'he "membrane" thus raisc,1 l>y lhe action of accLic 

a.cicl really consists of the a.lll'rccl outer uncnlcificcl part of 

the columnar cells ah·cncly described, ancl the "enamel 

rorls" seen " bcncat.h" it., a.re really the l'<ilcijied p()rtio11s ~( 

these very same cells. l\[r. 'fomes has, in fact, shown that 

this so-called " 1ncmbranc" is t,o be split up into columns, 

and rightly ma.inLains tliat it, cannot therefore be a" mem­

brana p1·wfurmativa," as it is considered by Ifuxley. 

The outer extremities of tbc prismatic. calcifying cells of 

the enamel a.re of course composed of soft material. It is 

this superficial uncalcified portion which 1nay be torn away 

f1•01n the deeper and cnlcifiecl portion in the form of an 

expanded membrane. By the action of acids it swells up 

and becon1es transparent, :tnu seems to be a n1e1nbrane 

covering the enamel rocls. lHr. Nasmyth was the first to 

tlraw attention Lo the existence of such a. n1embrane, which 

was to be dc1nonstra.tcd by the action of an acid, covering 

tl.ic enan1cl even when fully forme<l, but before it bad suf • 

fered fro1n friction. Tbis was consi<lcrccl by him to be the 

persistent dental capsule; but Thlr. Tomes has shown that 

this, Nasmyth 's mernbntne, is continuous with the cementum 

c,f the fang of the tooth, and is rather of ibe nature of 

u nca1cifted cr.1nentum than pr::cformative u1en1b1a.ne. 

The elongated cells which become calcified to form the 

enamel rods or prisms are, however, situated entirely 

beneath a thin n1cmbrane, to the under surface of which 

the n1ost, superficial porLion or summit of these cells adheres. 
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This membrane is highly vascular, and I have snccecclctl 

in making beautiful injections of it in tha canine tooth of 

a young pig about three 1nonths old. In the same spcci­

n1cn there arc numerous cna1ucl cells which are calcified iu 

the lower part ne:ir the dentine, while the n1orc superficial 

portion re1uains granular and still contains a very large 

nucleus. The enamel cell increases in length as the so­

called nucleus mo,es away in a direction ji·om the dentine. 

The calc,u·eous n1atter is dcposi ted first in that part of the 

"cell" which is nearest to the dentine, and which "'as first 

for1ncd, and it is deposited as small columnar masses iu 

successive layers, which are indicated by transverse lines in 
the fully-formed enmnel rods. 

OJ"the structure and formation of the cenientwn or crusta 

71etrosa.-The ccmentun1 is often stated to be true osseous 

tissue, but it differs from bone in many important par­

t.iculars. The lacunw which it contains arc often very 

1uuch larger than those in bone, and they are most ii-re­

gularly arrangccJ. The" 1natrix" of the cemcntuin is more 

transparent anti harder than that of bone, and much of 

it consists of a very clear transparent structure of a re­

fractive power and hardness much resembling dcn!,inc, 

with sn1all tubes traversing it here and there, but their 

arrangement is most irregular. Thin layers of cemen­

tum, it is well known, are destitute of lacunre, but I 
have specimens even of the 1- l 00th of an inch in thick­
ness in which not, a lacuna is to be seen, and even in 

cementum much thicker than this very few lacuna[ spaces 

arc sometimes to be found. The cantlliculi a1·e often of great 

length, and many arc seen lo extend almost in a right liue 



fru1u a space i11 tl1u subsl.1uce of the cementum «1uitc t(J 

its surface. ).'°utrie11t flnid 111ust be almost e11tircly ,h.:rivcd 
fi-01n the outer ,urfal.:c of the ce11H:ntum. ancl hence th1.:se 
c·hat111eb n·main as the tissm• increases in thic·k11css until 
the 111ass of g<•1·111i1wl 111:itlt·r iu th1• la!'1111a clir~, an<l they 
'lt'e often or great 1...:ngth. 

1 l is generally stated that the <:l!m<:11Lum rr·sults from 
the os~ification of the tooth sac, hut, a:, remarkc<l \;y Kul­
liker, cells take part in the for111ation of this tis,;uc as in 
the formation of bone, an<l t,lw loot h sac is not t1·ansformc<1 
111to cement. 'fhe ee1nent iR continuous with the dcutinr, 
:u1J, as obscrvctl lJy 'l'omes, the clentinal tubes may oftl'11 
Ut' I racc<l into the structure. Ccrnentmn is formed much 

more slowly than bone. 
I f the f,ing of nu ndult tooth properly prcpnrcd lie 

cxan1incd1 a. very he:n1tiful soft tissue will be foun<l upon 
the surface. This takes part in I.be formation of the 
cementum, and is conccrncJ in the formation of those 
l:xostoscs whieh ot' ten grow upon th<• fangs of the teeth. 

lL is composed entirely of what. may be described ,1:, 

branching cells (elementary parts), the processes of which 
annstomose freely with each othrr. It is from I.bis ti~suc 
that the cru.5t.a petrosa is fonned. It is a most perfect 
~xao1ple of a tissue consisting entirely of cells, the cavities 
of which communicate with each other uy tubes. 1'he stcllate 
cells are here as distinct as they arc in the pith of I he rush. 
Hut <lo these cells anu tubes merely constitute an elaborate 
svstem of channels for the distribution of nutrient material 

J 

to the tissue which inter,·encs betw1wn thcn1, as "\'irchow and 
liis sehuol maintain-~ Tbis tissue, it n1a r uc remarked, 
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grows very slowly ; it is a very low simple fonn of ti~sue, 
a111l probably requires but very little nutrient tnaLtcr. lf 
the above view i~ adoptetl it 1nust be adn1ittcd that tlie 
n1cans for nourishing the structure are far more elaborate 
than would be expected, supposing the conclusion is ac­

cepted that there ought to be a constant relation between 
the activity of change in a tissue and the n1ecbanism for 

bringing new n1atter to the elementary parts and carrying 
off the effete material from then1. 

Reither does it appear that all these bodies become 
lacunre of the cen1entum. The stcllate cells just desc1·ibed 
for the most part have not n1ore than fro1n ten to twelve 
processes or tubes projecting from t.hem, while n1any of the 
lacunre of the cementum have as 1nany as thirty or forty, 

hence these tuhes ate certainly not an early stage of the 
caoaliculi, and the cells cannot becon1e Iacunro simply by 
the deposition of calcareous n1atter in the intervening 
matrix or intercellular substance. 

This stcllate tissue on the surface of the fang neverthe­
less undergoes calcificatioD. The processes of the stellate 
1nitsscs become narrower and rJarrower unt.il the germinal 
1nntter which they contained, having undergone conversion 
into formed rnateri,11, they cease to be coloured by carmine. 

They now look like roundish, highly refracting cords, which 
are colourless, and connect the several stellate masses of 

clark-t·ed germinal matter with each other. I-Iere and there 
in the intervals between these processes s111all globules of 
calcareous mat-tcr have been deposited, and these increase 
aud completely surroun<l the cord-like procc~scs. l\lany 

of the processes gradually assu111e the chara<'l•'r of th" sur-



1·ut111di11~~ 111alrix , di -.,1q,p<·a1• a~ di:-:li 11ct corr\-:, anrl like tlu• 

n•st ul' tl,c t i:,;suc bc1•<,11H· i111pn·gnatcd with caka1·cou, 

111aUcr. lt is in tlii:; 111an11l:I' that the tissue ol' the CMncn­

t um, which exhibits a laminated arraHgement, !Jut i::; <l<.:s­

tit ute of lacuna:, is pro<l1a:e<l . 
.l\ l any of the stcllatc n1asses of germinal matter (cells) 

~hrink antl uisappcar in consec1t1cnce of the san1e changes 

h,tving occurrctl. Others rcmain with their processes, and 

their nuclei possibly remain as the nuclei of the lacuna> 

which arc irregularly distributed through the cemeu tum ; 

but l cannot express ,nysclf positil'cly on this point. It is 

certain that. all the cells <lo not become lacunm, for in this 

tissue there are half ,t clozen stclla te cells to one lacuna in t,he 

<·<•1nentum, an<l 111any of the canaliculi are five times as. long 

as these tuues. Are these processes tubes? This c1ucstion 

wonltl doubtless be answered in allinuative b)· every oue 

who exa1nincd the tissue long aflcr death; bul <luring life 

they contain a soli<l or scmi-soli,1 substance corresponding 

to that which occupies the so-called <lcntinal tubes. They 

contain port.ions of the gei111inal rnatter which is undergo­

ing conversion into for1ued tnatcrial, and the situations in 

which these " t11bcs" existed are the last portions of the 

formed matcri:tl to undergo calcification. 

This is precisely the same change which takes pince in 

the calcifi<'ation of the llentine, the only difference being in 

the fonn which the n1asses of germinal matter assume in 

the first instance. Cen1ent11n1 is a 111ore pcrntanent but 

less perfect. tissue than bone. 
On the nuture qf teeth cmcl of the tooth structures.-I t i::: 

impossible for any one who has studied anato1ny, even in 
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the most superficial 1uanner, not to feel intercstC'cl in Ilomo­
lo~y. }:very student delights in tracing out the different 
organs in the several classes which correspond in essential 
structure and u1ode of dcvclop1nent, or are homologically 
related to one another ; so one of the highest aims of the 
minute anatomist is to define the particular elementary 

structures or components of the different textures which 

correspond. 
The hon1ological relations of the teeth as organs, or of 

the dental tissues, have not yet been positively detern1ined, 
and several diffcrl'!nt views have been taught and are enter­
tained by high authorities upon this very ditficult subject. 

Teeth have been considered to be part of the skeleton. 
l\lany think they are closely allied to bone. 

Teeth ha,ve been regarded as pnpillre, the enamel cor­
re$ponding to the epithelium. The dentine and pulp to 
the papilla itself. _i\.ccor<ling to this view the enaml'l lies 
external to the basen1ent 1uembrane, and the dentine 
answers to the: submucous tissue. A certain general agree­
ment in arrangement and 1node of growth has been admitled 
to exist between teeth and hairs. Prof. I-Iuxley admits 
that teeth are ho1uologous with hair;:; ; but he thinks that 

both these organs arc dermic, ::tnd not in any part epidermic. 
Ile thinks tliat all the dentinal tissues are produced 
beneath a mem brana prreformativa, and considers that the 
ena1nel is developed not upon but beneath basen1ent mem­
brane. IIe thi.nks that scales and feathers mav come into 

the same category, bt1t would ad1nit naib to be purely 
epidennfr. 

A ILLough upon a 1p1cstion so very difficult of invcstiga.-
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tiun an1l :,;o eornplri-. in its bearings, l hesitate to t·:-.prt·;)~ 

loo poi,;itivc an opinion, it is ri~ht t,hal I tiho11lcl dirc1'L 

you1· atle11Lion Lo t,hc cliffercnL 1lodri11cs t,hat. an· tanglit, 

an1l try to show whid1 view receives the !-(rongc:--l s11ppo1 t 

fron1 a careful c·ou:;idcralion ol' facts that 111ay l,c· dc1111111 

stratctl. I vcgn:t. Llial I.he cu11clu~ions tu wlaiel1 I lia,t, 

been lccl differ in several imporla nt, particular" from those 

held by 111:111) authorities on this matter . 

.1lre the tis:,;ues of !he leeth alliecl lo <'11illwliul Of' n1111,r•, ·/1n 

ti~s11es ?-The first quest.ion we have to discuss is Lo wl1at 

tcxLurcs the tooth t,i,;sues arc ,nost. nearly allied. A Louth 

has oft.en been compared to bone, an<.l it, bas be('n ~aitl thaL 

I.he pulp cavity correspo11Lls to the llavcr,,ian canal, nn,1 

the comparison has been 1n:ulc still more p1cciselr. It ha~ 

been said t,hat just. as we fiutl a vessel in lhc l1a, crsian 

cnnal, so we rinll vessels in the pulp cavity, antl ju,-t, as we 

bnve the canaliculi opening upon ~he walls of the llaver­

sian e,tnal, ,ve have the <.lc11tinal t.111.Jcs opening upon the 

vascular surface of the pulp. 'l'bc fluid nul1 ic11t plasma 

passes along the eanaliculi of the bone, nnd I.bus ever> 

part is nourished, and iu den tine the tubules arc the 

channels br which nutrient 111:-tLter is distributed to the 

bard <lentin:-tl tissue. 
L cl us consider if the Looi h is n1orc closely nllic1l 

to the r1111ler, which is composed of bone, or to the 

Jio,-11, which, as is well known, is but a mo<.lific1l cut i­

<'tilar or epithelial structure. It should be premi~cc.l that 

there arc examples of teeth which arc continually being 

rc1novc<l and replaced by new ones, whil'h grow llp 

behind then,, or l.H::ncn~h the old ones,-tecth which once 



rc1novcd are ncYer replace<l,- and teeth which conlinue to 
grow regularly throughout life fro1n a persistent pulp, as 
it has been called. S01nc of these teeth nre worn awny ns 
fast, ns they arc producctl, while others, as tusks, increase in 
length as the ani1nnl advances in age. ,vith reference to the 
tusk antl the horn it will be rcniarkcd that both continue 
to grow on fro1n the nutrient pulp. That tissue farthest 

from the pulp is the olde$t, that nearest to it was only 

recently produced. The vessels of the pulp do not pene­
trate into the substance of horn, or the tusk, or tooth. 
:i\lorcover, the oldest part of these organs is the narrowest, 
and as the creature grows, the diameter of the horn anJ 
tusk which is produced increases, and if not worn away by 
friction the very same tissue which was formed in youth 

remains in old age. This oldest t.issuc gradually 11asscs into 
that which bas been lately produceu. Nor is it possible, 

as many have supposed, that the oldest horn or tooth struc­
ture formed is replaced by new. Tbe very same 1nntter 

remains throughout life, and L1nclergocs little further change 
than desiccation. Even in very oltl animals, both horns 
nod tusks continue to grow slowly. There arc, therefore, 
important points cpnnccted with their mo<le of growt.h, 

form, and general changes, in which tusks and horns re­
semble one another. 1Ve shall prcscnt.ly consider if they 
agree in their n1inute structure. 

On the other hand, every part of the bony antler is pene­
trated by vessels. Even to its exl,ren1ity the bloo1l cirC'u­
lates. It grows in every part, nor i~ there the rcrnarkable 
difference in diameter at its apex anc.l base, as ohserved in 

the case of horns and tusks. It does not, continue lo 



1,0 <>~ TIii•: RTHUCl'l'IU-: .\XD (;H(>\\'Tll OF TltiSUES. 

increase as lhc animal aclvnnces in age, but, as is "'ell 
known, rlrops ofT ni intervals, and is rt-placed liy an 

entirely new strutlurc. The born of the young animal 

pnsses unintcrr11ptedly into the horn formecl in olcl age; 
but the bony antler of youth is separated from that pro­
tluced in old age by n1nny entire organs which have suc­
cessively been developed, grown, reacbc<l maturity, <lie<l, 

and have I.icon cast off. 
If any analogy exists between the pulp cavity of lhe 

tooth an<l the Ilaversian cannl of bone, it is clear that Lbe 
tusk and hon, corrr.spond, not to the entire antler, but 

on ly lo that sn1all portion of b0ny tissue which surrounds 

each I l,Lvcrsian canal. 
J f the eletncntary parts of which the horn is composed 

were cakifictl a "tusk" would result. But neither in 

1nodc of development, nor in structure, nor in growth, nor 
in its persistent character, does the antler agree either with 
horn, hair, tusk, or tooth. So far, therefore, it would 
appear that the hard calcified texture of which the tusk or 

tooLh is co1nposcd corresponds more closely with that of 
the epithelial or epiderm ic horny tissue than with osseous 
texture. ,,,c will now discuss the position of the basement 

111cn1brnne of the Looth. 
O.f the basement niembrane, or niembrana prcejonnativa.-

1 propose now Lo refer briefly to the dispute concerning 
the position of the mcn1brana prreformativa. It is, how­
ever, necessary to remark, iu the fir.sL pince, that in no 
ease has any such tran~pnrent n1c1ubrane, as that supposed 

to ex ist, nnythi11g io <lo with the Jonnulion of the structure 

upon or beneath its surface. Its presence, as i:; well known, 



i:- by no 1nca11s constant, and with rl'g.inl Lo it~ :i<·L11al 

1:.\i~tcnce in rdalion to nny of the denlal ti~:mes, T rpg:ird 

it 11.~ nrtai11 that 110 11r11j'vr11u1tire 111e111l,rr111f' has ueen acl11all!f 
<le111v11slraletl orcr tl1e enamel, as llu.rley a.•serls, vetu•een //11· 

cnalilel an<l dentine, as many obserrers hold, or bene(l/h the 
cle11tine. Thn.t a transparent 1nembrnnous-like structure 

111ay be raised from tbe surface of the cna1nel of n. young 

tooth by the n.ction of chemical reagents is perfectly true, 

a.s stated by IInxley ; but it has been already shown 

(page 1 G3) that tbis is not a prreformali"e 111cmbrane. 

It consists undoublc<lly, as l\fr. 'l'oincs n1aint,,in:-:, of the 

outer as yet nncalcified part of the columns or columnar 
C'ells, which take part in the formation of tile "ena111cl 

rods." 1'his, then, is but a membranous appearance pro­

dnce<l artilicinlly, not a nn.tural membrane taking any 

active part in the formation of the cnan1el, or e"en a 

men1brane beneath which enamel is <leposited. I have 
already shown that, there is :i. vascular n1embrane external 

to the enamel cells, bnt this docs not hold the relation to 

the formed ena1nel tissue, which the supposed prroforn1ative 
111cn1brane is said to possess. 

It is certain that no basement or rnefonnative n1cn1branc 

exists between the enamel and the dentine, for in many 
• 

instances tbc httter tissue actually extends into the former, 
as was first shown uy l\[r. Tomes (Phil. Trans.) 

"\Yilh regard to the existence of such a structure upon 

the surface of the pulp-that is, beneath the enamel-! 

ba\'e already stated that, as in the cnse of the papillro of 

~kin, the cells seem to dip tlown, as it were, into the sub~tance 

of the so-called sub-basement connective ti;;suc. Still, 
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there can be 110 <loubt Lh,,L the position of the bn.aetnenl 

111c1nbl'iu1c, supposing it to he n necessal')' and constant 

anatomical :structure, wonlcl be bvtwec11 the epiclcrmis of th1• 

ski n and the 111oclificd connccli\'C Lissue of which L'ie body 

of n cutaneous papil11t is compose;<l. 1\lost observers seem 
to have c0nclutlctl I.hat a 1nembl'ana pra:fo1·mativa was. an 

id>solute necessi t.y, without which cliff erenl, structures could 

not be pro1luccd; h11t these structures, it has been clearly 

~hown, are the_ result of changes occurring- in a special 

tisstw, not in the so-called 1nembrana prmformativit, which 

is perfectly passive. lt seems to 1ne that such a 1uen1-

hrane has no more to <lo with t,bc .formation of structure~ 

honeat,h it than the capsule of a seed with the forina.tion 

of the seetl it.self. :tllembntnes where they <lo exist are 

the n1ost passive of struct.ures. Neither the dentine, nor 

t,hc enau1el, nor t.hc ccn1entLnn, are formed by any 1ne1n­

hra11e. 'l'ht: acti,·e matter concerned in I.he formation of 

Lhis, as in all other cases, is that part of so-called ''cells" 

which I ha Ye described as" germinal 111atter." 
1'/te hmnology ~l the cle11ti11e, enamel, antl cementum.-Still 

the quest.ion of the situation of the basement membrane 

1nust not be thus dis1nisse<l or the real question at issue 

avoided. \\re will, therefore, proceed to the consideration 
of the larger 1ueslion regarding the actual relation of the 

enan1el an<l dentine to the tissue of which the pulp of the 

tooth is co1nposetl. \\'here, in tbe tooth, is the line situated 

;tt which Lhe cellular or epidermic structure joins the 

clc>rrnic? l1pon the detennination of this question will 

1ll'pcnLl the conclusion we accept a~ to the true homology 

of Lhe tlental tissues. 



I hare adrancetl facts ancl arguments ngni11sl t.lll' ,·i"w 
that the ena1ncl and de11ti11e lie ue11ea11t I.Jaseuwnt 1111•111-

I.Jrane, and arc dermic structures, nnd I have shown that 

there is "Teat imJJrobnbilit}' in the view that the dentine 0 • 

itself is a forrn of connective tissue ; but this part of the 

question will be more carefully investigated in the next 
section. 

It remains, then, to be considercll if the dentine, like 

the enamel, is allied to an epithelial structure. 1'his last 

is the inference, which, though widely differing frou1 any 

110w gencrallr held, seems to 1110 to receive the strongest 

support from a careful consideration of the whole question 
of the anatomy antl devclop1nent of the teeth. 

In many epithelial structures, as is well known, the cells 

or elementary parts upon the surface exhibit a difference 

in a1'1'angcmcn t and form, from the deeper ones, at least 

as re01arkable as that observed bct,veen the dentine and 

enau1el. I look upon both enamel aud dentine as calciried 
'' epilltelial slructures." 

De,itine.-Tlic cells fro111 which 'the dentine is formed 

i;xhiuit some analogy to elongated epithelial cells, an,l 

there are not wanting instances where the deep cxtrcmitiPs 

of epithelial cells ma,y be tracer] for a consideraule di:1-

tauce, and may even be followe<l in '' sub-basement 
tissue." 

I n many euticular structures great difference is obserYed 
between the ce11s upon the surface n.11d those beneath, ~o 

tliat it wouli.1 sccu1 that the onter cells grew oul warcls, 

while the in11er cells grew inwanl::; towanls the sub -ba~c-

111~•11t tissue. It SCl.!111S to 1uc that in dentine ancl enamel 



1 ~, 1 ,i:-; lllE S'l'lll'('Tt.:nn ,\ '\'ll (,l((fl\"lff (11' ·r J,-;:-,f'l:S . 

we ha vc a sonwwhat si111ilar arl'ang<'nwnt. 'J'hl'~<' t "'J 

tissue:-: gl'ow in opposite dil't·,·Lions frum. the· same p<Ji11t 

80 far fl'om l.,oth the dentine and C'namcl bcing rll-011:,· 

sll'uctul'es, :ls r .. or. Iluxley conclud,·s, they arr. really botl1 

c1iitl1•r111ic, an,l the enamel an,l J,•ntinc :tl'C buil.1 luJ1no­

loµ,;ous with epilhcliu111 of ,·uti,·lt.-, l11P fir~t with the super­

/'l(.:i:d, an,l the seconcl with the dcq1c1· lay<·I'. 

I~pilhclial slruclun•s may oftP11 he lraee,I inLo conncr.­

ti vc tissue, a1Hl ii is thcl'cfore 1 ,oL surpri,ing that. sup­

posing t,hc cll'nLinal tis:.ue Lo l>C' 1nodific,l cutielc, that, it 

should be' continuo•.1s witl1 the cementum-a slnu·ture 

closely allieu to hone. Just, as we ha,·e bone projecting 

outwards upon the surface, so we may have tissues, which, 

although fol'lnccl upon the sul'facc, extend for some dis­

tance into duep parts, and thus come into very close rela­

tion with ,Jeep st,ructures. 

1 he general arr.1ngemcnt of the <lcnlinc frir more closd) 

resembles that obsc1 Yed in Ppit!telial than in bony struc­

t11n·s. The hair g rows fro1u the surface of a pulp like the 

tooth. 1\Iany hairs and many teeth grow from persistent 

JH.Ips. The pulp un<lcrgoes but slight change in size, 

although the bulk of tissue produced upon its surface is 

cnoro1ous. The vessels and nerves of the papilla no 1uore 

penetrate to the cxtren1ity of t,he hair than do the corre­

sponding struct,u~es pass towards the extremity of the tooth. 

'J'herc is, as has been shown, the strongest analogy between 

the growth of a tusk an<l that of a hair, and if we con)pare 

the textures of the two structures it is not possible to help 

noticing n1any points in common. It is not, <liflic1,lt to 

fin<l i11 epithelial structure elongated Ppithclial cell, applit>,l 



OX TICE STHt:CTC'RE .\~D c;IH)\\Tlf OF J'JSSUES. 175 

to ench other like the nnatom ieal elements of the dcnl iuc. 

Kor do the so-enlled dcntinal tubes present any serious 

impediment to the acceptance of 1.his view, for it has been 
positively llc10011:;tratcd that they :ire not tubes for the 

circulation of nutrient fluid, but arc always oceupictl with 

solid matter. l\Ioreovcr, as the clen1en tary part:; of the 

dentine advance in age, the soft solid 1nattcr in the cenlrc 

(occupying the supposed tube) gratluallr un<lerg0cs con­
version into den tinal tissue, just as the germinal mattC'r of 

an epithelial cell gradually undergoes conversion into hart! 
tissue as the cell ach·anccs in age. 

Enamel.- Tbe cells which become tLc enamel, grow fru1n 
within outwards, and the distance fro1u the so-called nucleus 

to ibe deepest part of the enan1el grallually increases. ~he 

germinal mattei." (11 nucleus") gradually 1noves outwanl,, 

deriving its nourishment from the outer or upper surface, 

and producing formed 111aterial at the opposite extremity. 

T his formed material takes the form of a prism, ancl its 

oldest portion- that is, the part nearest to the dentine­

gradually beco111cs impregnated witb. calcareous n1atter. 

"\Vhcn the enan1el thus produced has reached a certain 

thickness, the germinal matter, nucleus, dies, the tooth passes 

through the guo1, and the vital changes occurring in the 

enamel cease for ever. No new enamel is formed, but that 

produced is gradually worn away: but in the rodent incisors, 
the for1nation of enamel like that of den tine proceeds fro111 

the persistent pulp. Nor is there any reason whatever for 

believing that the fully formed crntrncl is <e nourished" or 

appropriates nutrient matter. Doubtless it is permeated 

very slowly by Ouids which prcsc1·vc its hardness, but these 
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1l11i Is atl only as si111ilar Jluids would I\C'l upon the :.truc­
t11l'I.' if it wa~ (•11litl·l1 t'l•tnovccl frotn tlll' IHl'.lr. , . 

LcL 1ne again i111pn·~s upo11 you the fat:l that tl,c· for111a­

t,ion of tl1L' l'Hamel i:; complt:tP, ancl tense:; at an early 
period ol' clel'elopmP11I, while• I lie formation of clcnti11t.: c-on­
ti111Je,; tbro11ghout thP greall.·r part of life. 'l'he oltlcst part 
of the l.'n:unel is it:; <leepcsL part, where it i:s in contact, 

wit.Ii !he deDltinc. lls surface "'as the bst part formed. 
'l'he o!<lest part of the dentine is that near<!st the surface 

of the tooth. In fact, the dentine grows fro,n withouL 

inwards, so thaL the JHlrt 111ost recently formc<l is close to 
the pulp e:tl'iLy. 'l'hc enamel grows fron1 within outwards, 
S<> tl.iat the enamel of 111O:,t recent formation is that which 

forms the outer surface. These two structures a.t O1ll: 

pcrio<l of dvvelop1ncnt actually grow in opposite c.li1 QCtions 
fro1n the s:t111e neulral point ,vbcre each con1n1cncetl to 

grow. 
Ce111c1d11111.-,\"ith reference to the cementuu,, it sboul<l 

be rcmarkt·ll tlJaL this tissue is not formed until after n1u(;h 
of the dentine and Pnamcl has been produced-in fact, not 

until the tooth bas increased to such a size that the s•_u·face 
of the tlcntine of the fang, or the surface of the enamel 

covering the crown, comes into Ycry neat· relation with the 
cells npon the inner surface of the 111embrane which forms 

the tooth sac. It has been said th:it this 1ncmbrane be­
comes ilsl'lf o~sified, but the changes occur in a tissue 
which is procl11cecl Lcneath it, and which in certain cases i:. 
t'ormctl in very large quantity. , \!though some forms of 

cementum clo~elv rl'sc1nlile ortlina1·1· bone in ch.1rncte1·. . . . 
11up0rtant difference~ m,1_1 be obscrvell, both in ~lrnctnrc 
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and moLle of formation, in the teeth of n1an and many 
!nan1n1alian animals. 

The view of Prof. fiuxlcy thaL, in a n1orphological point 
of view, the ccmeutmn is ho1nologous with the enamel, 

seems to 1ne incompatible with the following facts:-
, 

1. 1'he remcntun1 in the hcrhil'orous tooth CO\'Cl'S th<• 

en;1111cl, and, in cxrcptional casrs, it 01·c11rirs thr same 
position i u thl· human tooth. 

:2. Its fo1·m:ttiou 1locs not rc)mm<'nrc 1111til lllf' form:1tion 

of the enamel is completed. 

3. 'fhe character of the soft tissue ( columnar rclls) winch 

prcce<les the cnan1el is distinct from that which exists before 

ccn1entum is produced (t.issue with stellate cells). 

' · Of tlte fonnation oj the so-called infercellu/ar substance o/ 
dentine.-Intimately connected with the question of the 

nature of the clental tissues, is the question relating to the 

mode of forn1atio11 of the so-called interccllular substance; 

for it is obvious that if it can be shown that dentine agrees 

in its structure with cartilage and bone, and consists of 

"cells" and " intercellular s1,bstance," it belongs to the series 

of connectii•e tii;sues. If dentine is a. connective tissue, 

without doubt it is formecl beneath tue line which cor­

responds to the position of base1nent n1emhrane, and 1uuRt 

be considered as a dcrmic ancl not as an epicleru1ie 
structure. 

Although in 1ny earlier lecturcs I ha"c advanced 

facts and arguments against this view of the str11c­

ture of connective tissues, it is neccRsnry for me f o 

consider the matter here so1ncwliat in dPfail, p11rliculr1rly 

:1s regard~ bone und tlt'ntine. And first, let 111c cv11sid,·1· 
;-; 
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how far lhc so-callecl wall of the 1lc:nlinal lube, ai- <lislinc~ 
fro1n the in terluhul:11· tissue, has a real existence. Those 
who 1nai11l:tin thnt the lacuna! cell of bonean<l the clentinal 
Lube of dentine possess special walls, sct~rn lo have over­
looked the facl Lhal, lhe so-callccl "rells" of lacunro an<l 
"soft con Len ls" of the c1cntinal tubes beco1nc sn1allcr ancl 
1Horo contrnctetl, or slu·ink, as lhc tis;;ue atlvances in age. 

lt, t.hercforc, follows either· that what at one time was cell 
1cHll n1ust bcco1nc aL a later period inltrccllular sulistancc. or 
1:bc the cell wall n1usl shrink in co1\scquence of the <lepo­
s1tion of new 1natte1· upon its c.l'lcn1al su1:facc. If the first 
view is accepted there can he no necessity for distinguishing 
cell wall fro1n in1crcell11l,1r substance. If the last is 
recein!tl, the cdl wall 111u~t, as it shrinks, grat!ually • 

becou1e puckered, which is not the ca~c. 'l'here wonkl be, 
1noreovcr, upon this vit·w great tli □icult,y in explaining 
how or why the c:1lcan:011s 1nattcr pnsses through n.n old, 
condensed, and p11ekcrcd cell wall to be dcpositc·J outside it. 

The theory of the formation of interccllular sub­
stance ai- a process distinct fron1 the production of cell 
wall is now generally received, hnt the tllh·ocates of 
the doctrine h:i,·c met with terrible diOiculties in the 
:iLtempL Lo apply the theory in detail, and, like tbe ,;up­
porlcrs of 1nany ra11ciful bypothese~, they a\'oid details 
which sccJu adverse to their favourite theory. 1'his 
doctri11e rusts upon the most gratuitous hypothcsi:S, that 
iutcrcdlular ,u1J~lancc is tlcposited around and between 
cells. lf such a dcpo~ition really occurred, iL is ~urdy 
reasonable lo co111'l111lc tltaL we ought to be al>k to fin<l at 

lca~t one L·xa1npk in natnrc in wl.tirh ~uch drpo~ilion \\a-s 
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unquestionable ; but not one has been pointed out by tho 
n1any supporters of this favourite but fanciful doctrine. 
Let the reader suppose, for example, a number of spores 
of mildew arranged at a short distance from each olhcr in :i 
gelatinous n1ecliun1, holding in solution calcareous matter; 
let him further suppose that the calcareous matter was 

deposited between and around the several cells, he would 
then have a calcareous iotercellular 1uatrix, in which 
masses of protoplasm, each being surrountled by a distinct 
cell wall, were contained, and if he supposed the cell:; to 
have communicating processes, he would have a tissue 
much resembling bone. To sonic, such a theory may seem 
plausible enough, but let the reader further ren1ember 
these facts :-

1. That in the foro1ation of bone, cartilage, &c., the 
so-called cells are gradually becoming separated farther 
and farther from each other. 

2. That up to a certain period they are increasing in 
size, and that after this they di1ninish in size. 

3. That in ossification, the deposition of the calcareous 
1natter occurs first in the very centre of the cartilage, not 
upon the surface of the cell. 

4. That " intercellular substance" gradually increases as 
the tissue advances towards its perfect state, and that it 
exhibit.s differences in refractive power in the forn1s of lines 
around the cells, almost rescn1bling laminre in some cases. 

It will be observed by any one who considers these 
points carefully, that they are incon1patible with the 

supposition that the intercellnlnr substance i:; gradually 
deposited between the cells. 



Again, lhc ;lcposiLiu11 ol t);i-.; u i11tercc.:ll11lar ~11bslanct-," 

distinct fron1 the cell wall and intlqH·ndc.:nLly oJ the C(;lls, 

invulres one of the fullowing suppu~itiun:, :-

1. 'l'hc existence of an analogous su};sl:uscc in the lJluod 

itsdt'; 01·, 

~- 'l'ht: possibility of the cell cx,•1 ling some metab1Jli,: 

artiun upon, or converting the 111aLlcr dt,pv:,itcd frDm lhe 

Llood into the peculiar an<I charaCt(;ristic matter consti­

tuting I he " intcrcellu Jar st1l1sta nee." 

J\ I! atten11,ts to prove the first position l1avc fai led. 

'fhc second supposition is opposetl to broad facts. lt is 

well known that vari<JLIS 1natLers 1nay lie dcpu,itetl upon the 

outer surfa<'.e of cells, as crrstalline n1aU<.:r n1ay be clcposil.ctl 

upon any foreign substance placctl in a strung solution of 

the cr}'!-ilallinc 11111.terial; but t,hcrc is 110 evidence wlint­

ever that t,he cell exerts any 1nysto1·ious 1nctabolic action 

upon them. 'fhe u1altcrs <lcpositetl here must Le ::;i1nply 

preeipitatcd fro1n n. solulion, the cell wall Lcing 1ncrely 

inc:rustctl wiLb them 
1 have shown in n1y earlier lectures tliat the so-called 

cell wall increases in thick11css, not U!J deposit upon its (Ju/er 

~w:fitcc, !Jui(, by Lhc successive deposition of nialter upon its 

i1111er swjiu.·e, so that it is caused to expantl by distending 

force exc:rtcd frou1 within. 'l'bp outer part. or that 111ost 

distant fron1 its centre, is invariably the oldest. If inter­

cellular substance is deposited (l!'(Jund the cells, it 1nust be 

shown either that it grarlnally anti evenly incre:1s1:s in eyer) 

part of its substance, or in the part midway between the 

respective cells only, or upon the outer part of tlic cell wall ; 

Lut neither of these po~itiuns has been supported b) facts. 
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1'hc view i1n1olvcs, in fact, the existence of growth ac­
cot·<ling to tw·o distinct and opposite processes-the cell 
wall being increased by deposition from wit,hin- thc inter­
cellular substance being increased by deposition frotu 
without. The fact, that in 1nany cases the so-called " cell 
wall" does not exist as a structure distinct from the "in­
tcrcellular substance," and does not differ from it in 
chemical con1position or properties, renders such a position 
untenable, since it is unreasonable to infer that two layers 
of matter, in all respects the san1c, and contiguous to one 
anot.ber, should be produced by antagonistic operations 
(deposition in a direction fro1n centres and deposition 
towards centres), while upon such an hypot,hcsis, the 
objects fulfilled by the cells are not explained. If the 
cJells take no active part in the forn,ation of the intercellular 
substance, why are they co11sta11tly present while tlds process 
is going on? 

It bas yet to be shown that the formation of any tissue 
peculiar to living beings, proceeds in a direction with re­
spect to the germinal n1atter, from ivithout inwards, while 
there is not the smallest difficulty in demonstrating many 
instances in which deposition most assureuly takes place 
fro1u within outwards. It is not in accordance with what 
is yet known to believe that so universal a process as 
growth occurs according to two such opposite and physically 
incompatible p1·ocesses as attraction towards, and evolution 
from, a centre. 

licnce, I cannot but feel that further investigation will 
demonstrate that the deposition of intercellular substance 
theory is erroneous 
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(!!'the <le,•f'lojl/11('/I( (l//{l Jornu1t,011 ~r the 111d11ti11e t('(!//, o/ '"'' 
ro111111u11 11c11•t.-l must not atLcu1pt to discuss tlic various 

changes orcurring in the course of dcn:lopu1cnL of t,he 

n1amn1:ilian tooth, for to tlu 1-0, even cursorily, would 

occupy 111any pa~r.s, but I n1ay1 in few words, discu~s 
the 1110s t intcrcst,ing pm·t, of t l1r cp1cstion-namcly, t hL 

11101le of formation of the papilln. Now, in a 111inute an<l 

dillieulL ini111iry like tllis, which involves an cxan1ination 
of ~omc of the n1ost c1dicatc Lissues at ,\n early period of 

dcvelop111cnt wllrn they arc exceedingly soft, the ob..;ervc1 

endeavours to <liscover one cxa1nplc in which the vnrious 

nnato1nical points arc very distinct, ancl then he may, with 

the nid of the posit,ive facts alrcacly ascertained, study 

l1igher and n1ore complicntetl ph cno1ucna of the s:uue kiu<l 

,vith consi<lcrablc advantage. 

After cx.a1nining the teeth of n nn,nhcr of animals at a 

very cnrly period of dcvclopn1cnt,, prepared in the 1nost. 

careful 1nanncr for the purpose of investigating the nature 

of t,he earliest changes occurring in the forn1atiou of the 

papilla, I foun<l :.hat the process of dcvclop1ncnt could be 

studied in its simplest condition with comparative fncilitr 

iu the palatine teeth of the con11uon newt (triton crist.ntus). 

As young teeth arc being continually for1uc<l in connexion 

with the n1ucous 1nc1ubrnnc of tl1e upper jaw oj' the adult 
animal, the it· <lcvcloprucn t cou Id be in vestiga tcd undc1 

great advantage. ln the e1nbryo the tissues around the 

developing teeth arc a~ soft, or softer, than the Jental 

papillro thernscl ves, and this renders the i nYest iga tion cx:cecd­

inn-ly ll illlcult • but in stud)·ing the process as it occurs in the :::, .. , ..., 

Iull y llcvclopc<l ucwt, there is no such ,;criou" p1 actical ui,all~ 



vantage. l\[orcovcr, t.he nurnbcr \lf Lht,sc t,'Pth i,, .:,111Sidul'­

ablc, anti being sit11atc1l in the euntr:tl part of lh1· 111'pt·r 

jaw, they can easily be tlctachetl as they grow, ll'ilh lli,, 
1nucous u1erubrane itself. Sometimes ten 01· a (lozen teeth, 

in tliffcrent st:iges of Llevelopment, can be isolated in a 

single speei1nen. The vessC'ls of the n111cous 1ne1nbrane 

can be 111inuteJy injected without difficulty, so that we can 

nscertain with considernble precision the exact relation of 

the cnpillaries to these teeth, and the follicles in which 

they are developed. 

In investigating the changes taking place in the develop­

ment of a tissue, great advrrntage will always be gained 

by studying tl.ie process as it ot:curs in the fully formed 

anin1al. It is a mi~takc to suppose thrrt the process or 

development of tissue can be sturlictl only in the embryo. 
Every stage of <levelop1nent of fibrous tissue, c.'l.rtilage, 

bone, n1uscle, nerve, ganglion cells, fat cells, and 1nany 

other tissues, n1ay be seen in the fuJly formed frog, antl 

the changes observcll far 1nore distinctly than in the 
embryo. In the a<lult newt the development of the teeth 

may he watched from the very earliest stages, and in the 

sa1ne animal may be clemonstrate<l the changes which 

occur in the developn1ent of a complicated gland like the 

kidney, testicle, ant.I ovary. 
The very youngest palatine teeth can be dctrrcbed from 

the surface of the u1ucous 1nen1brane covering the palate 

of the newt, anll it iR to be noticed that in attcmptiug to 
remove the cpithelimn frorn the surface of the 1nucous 

111embrane, a numher of entire tooth sars, many of which 

conLnin each an e1ubryo11ic tootli. arc often detached with it. 



l\" ow, each or Lliesc Ill tic " sacs '' is an oval n,a~s, eon­
si~ti ng cntiruly of cdb very closdy rc~e111Lling epithelial 

cells in their general charaeter (Fig. J ). At, this early 

period there is no actual ca11sule, or c.dcnwl 111cmln-r1nc, but 
the 1nost external eells arc somewhat, llattc•ncd antl spreacl 

out, as shown in the figln'L'. 'l'his Hattening and spreading 

Fig. 1. 
II l, 

C 

C 
d 

Tll'o very young tooth sacs, with developing 
teeth, from the pal a tc of th c newt ( tri ton cris­
tnt u~), magnifiell 215, antl n·tlucctl to f; a, a 
very young tooth sac antl tooth ; I,, another, a 
little olLlcr: c, 1narks the position of the base­
n1cnt, 1ncn1brane; d, capillary ramifying in the 
suh-base111cnt tissue; c, the epithelial structure 
in which the tooth sacs are embcthlcd. This 
lies u po11 the surface of the basement mcin­
braue c. 

out C\'iclcntl_\' arises fro1n the first cells fonncd being puslwd 
outwards tow,11-tls the circumfcreuce by the growth of new 
cells in the cen(,n• of t,hc collcctio11. These little collection~ 

of l'piLhclial-likc ccllr., which wonltl be tcrmc(\ sac~, nrc 



OK Tills.;, lltl:CJUH!s AND GHO\\"'J'H OF TISSUES. ( 85 

entirdy surrounded by and seem en1bedtletl in the epithe­
liu1u of the rrtucous mcn1brane, ancl the cells:it the sumn,it 
of the sac arc often seen to be uninterruptedly continuous 
with those outside. The cells* of which these collections 
are composed ddfer somewhat fron1 those in which ther 
are embedded. It need scarcely be said that neither these 
nor the cells external to tbe1n are ciliated. They arc of 

a more oval form than the ordinary epithelial cells cover­

ing the palate. The general appearance of each collection 
of cells is such as would be expected to result if at an 
earlier period one epithelial cell amongst its fellows had 
increased in size, divided, and subdivided, and so formed 

a compact collection of cells in the substance of a cellular 
layer. .A.t this ti1ne the enti1·e 1nass is con1posed of sm:ul 
cells only. 

The tooth itself i.s formed in the very centre of the oval 
mass cou1posed of cells, after cell rnnltiplication in this 
part has ceased (Fig. 1, a and u). As I have already 
stated, at this tin1e the oval mass has no fibrous or n1e1n­
branous capsule. The 111ost external cells are a little flat­
tened, but after the tooth has become quite distinct, the 
entire mass may he broken up by -very slight pressure, and 

nothing but cells result. iioreover, cells arc formed to 
the extent of two or three layers upon the surface of the 

* By the word "cell,'' ns has been already stated, is 
meant an elementary part, consisting of a mass of gen11inal 
n1atter which, in the preparation, is colonrctl rctl II ith car-
111ine, surrountletl 1.Jy a !aver of soft formctl material. Each 
ol the little boclies wlii<:1; compose the oval mass sac, in lht• 
c·c11trc of which the tooth appears, anll each of those around 
tht· one ( Fig. l) 1s a "cell.'' 
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n1t1cous 1ncn1branc beneath these oval collections of Cl:lls. 

Jt is, therefore, quite certain lhat hnsc1nent 111en1branc 

can h;tve nothing to do with the origin of these palatine 

teeth of ( he newt, and it is also ccrtaiu that the young 

tooth is s111To11111lerl on rril sides l1y cells. It is developed in 

I he 1nidst of cells. 'fhe c1cnta1 tissue is forn1ed by the 

iu1prcgn«lion with calcareous sa.lts of a. soft ,natrix, pro­

cluccrl, as in other c:iscs, by change occurring in the.: outer 
part of n1asscs of gc1·1ninal n1at Lcr ; and cells which take 

part in for1ning new n1a.trix occllpy the cavity of the shell 

of dentine, even when its fonnation is considerably acl­

vancccl. Xo vessels arc nca1· the collection of cells in the 

111idst of which the young tooth is growing, nor do they 

pass into the pulp unti l son1c time after the tooth has 

reached a considcrnble size, and the forn1ation of the fang 

has co1n111encctl. The first pal't of the tooth which is 

formed ie the sum1nit1 and the fa.ng grows downwards frOLl 

t be epithelial surface towards the vessels, and the bone 
into which it is to he reeci,·ed. 

The tooth is not developed fro1n a papilla consisting of 

sub-basmncnt tissue, but it is for111ed in the very centre of 

a collection of cells, and it is clear that these cells have 

been formed in the centrnl part of u precxisting cellular 

111ass. :::io that the oldest cells, which sec,u but to perfor111 

the oflicc of ,1 protecting envelope, arc outside, autl as new 

ones have been producetl in the centre, these oldest cells 

h,1ve been son1cwbat flattened upon t,he surface, thus giving 

the appearance of a bountlary or an imperfect capsull', 

'l'l'hic:h e11aLlc's us lo cli~tinguish these ni:1sscs frou1 the col­

It,,·tion of cells in wllicll tilcy arc cmbctlclcd. 
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Next comes the important <Jnestion, how <lo these collec­

tions of cells originate? I feel confi<lont that they con1mc11cc 

in a cellular niass, which, to all appearance, is an epithe­
lial structure. I have seen a single cell differing froo1 its 

neighbours, in its larger size, dividing to form three, or 

four separate cells, and I believe this was the original 
cell f1·on1 which all those which constitute the collection 

in which the tooth at length appears, result.eel. 

The cellular rnass is certainly uncovered by base1nent 

111einbrnne (Fig. 1). It is so easily torn away from the 
surface of the fibrous tissue upon which it re3ts, that it is 

often destroyed in p1·eparing it for examination. 

The stages which occur in the development, of tl,cse 

teeth may be represented as follows (Figs. 2, 3, 4, 5). 
Fig. 2 represents a !1niall collt1ction of cell:; nmb~ddccl in 

the epitheliurn upon the free surface of the u1ucous n1en1-

brane. As the sacs gro,v, they may becon1e partially 
enclosed in follicles, by the growth of the mucous n1cn1-

brane around t.hem, as shown in diJTercnt stages in Figs. 

3 and 4. A. further stage of the process would bring aLout 
the very condition of things which occnrs in the devdop-

1nent of the 111:immalian tooth, the e11closure of the so-called 

papilla in a sac (Fig. 5). The palaLinc teeth of the newt, 

l1oweyer, are not enclosed in u sac at any period oJ their 
<levclopmeut. 
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Fig. 5. 

Diagrams to show the 1nanner ill which the 
"papilla," which lakes part in the development 
of the tooth, is formed in the midst of cpithe­
liu111, nnJ how this" papilla" mnv be enclosed 
in a sac. T t wi II be obser\'c<l thn·t the vessels 
<lo not conic ,war to the tooth until its formation 
is considerably a<ll'ancctl. "is the layer of cpi­
thl,lin,11; /,, a black line corresponding to the 
po,itiun of the base1ucnt rnen1brane; c, vessel. 

, . . . . . b 

Kow, it n1ust be borne in n1ind, that at the time the so­

rallell " papilla." of the man1nHtlian tooth is fonned, there 

is no basmncnt mcmbr:u1e, there iis no sub-base1uent tissue: 

there is no in<lication of a line of demarcation between the 

texture, whieh will eventnally be epidermic, and that. which 

is dcn11ic. '£here is n time when the cells, from which the 

epitheliu1u of the epidermis is to be developed, cannot be 

distinguished from those which i.tke part in the production 

of the arcol.-u· tissue, vessels, and nerves of the denna or 
true skin. It, is certain th:i.t au clc,·ation or "papilla" 

occurs when a tooth i~ to be formetl, hut I think tb:it in 

the central part o/ these "papillct 1 •• which cousist of collec-
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lions of cells, ncu• 011cs uppca,-, anll thal tl1is pi·oct'ss con­

tinues, until at last Lhc tooth struclurc cu1111111;11ccs tu /,<1 

jurmul in the lllsl collcctio11 l!/ cell,; in llte central 11art. 1 co11-

;;idcr tbat the dental "papilla.'' is entirely composed ol 
1nodilicd epithdium, developed from. what might be tcrmccl 

an cpitbclinl cell. 'fhe collection of cells afterwnrtls uc­
comes enclosed in it~ sac uy the growth of the u1ucuu:; 

1nembrnnc over it, as represented in Fig. 5 . 

.So that at every slagc of tlcvclopment, the cells which 
take part in the for1nation of lhe dentine, arc nbovc tht• 

posit.ion of the baselllcnt 1nembranc, but as the process i:1 

gcucrally described, thc.;e cells n1ust be, from the vc1-y 

first, beneath it. ,re have, according to the view generally 

entertained, first, the epithelium upon the sum1uit of the 

papilla, then the basen1ent membntne, and next the sul.,­

basement tissue, in which it is supposed that the dcnline i,; 
developed. According to this view, when the papilla i:; 

being enclosed in the sac, there would b(' auot·e the <lentiue 
three layers o(uasement membrane :-1. That of the papilla. 

2 and 3. The reduplicated n1ucous 1nembrane which rises 
up around it, and ultimately encloses it. According to 

my view, there never can ue more than the two last. a::; 
shown in Fig. 5. 

It seems to n1e, therefore, that both dentine and enamel 

1nust be looked upon as calcified cpi thelial structures, and 
I lhink they n1ay be regarded as epithelial, in the same 

sense that a hair, or the cells in a. glandular follicle, snch 

as the sebaceous gland cells, or the sweat gland C'dls, ur 

the calcified cells of the man ties of 1noll use a arc rt•gardl·d 
as modified C'pilhclial structure~. 



'l'ltc rclatim, ''./ tl1t iuvlli sac to the pri111c,- d1:,d,il /is.,11c,.­

I t' the forcgoin~ co11cl11sions arc corrcl't, the n·latiu11 of the 
tooth sac lo the dental tissues i:; ea:,il) 111Hlcr:-too1l. It 
has been gJiown that the enan11.:l is CO\'cred supcrfil'ially b) 
a 1·11,C1tlar n1c1nhrnnc. 'This vascular 1nc1nhrane is the 
1110<lifiell tooth sac. ll has been shown that both the 
cua1ucl nn,1 tlentinc arc for1ncd from cpitheliun1, nnd it. 
has been rcn,arkcll LhaL the ccm~11Lt11n, or crus.ta pctrosa1 

1:-; son1etimcs LlcvdopcLl upon the out<:r surface of thl' 
t•11:1111el, a:, '"ell as upon the dentine of the fang of the 
tooth. I n the co111plicatcd 1nob.1·s of the large hcrl.,ivora, 
:,s is well known, this cen1cntu1n is formed in con~idernblc 
quantity 11po11 the surface of the enan1cl, mHl in some 
teeth the a111ount of the eeu1e11t11111 is equal to, or greater 
than, that of the clcntine and c11a1ncl together. 

lt is often said that the cenlcntmn is formed bj the 
os.,i ficalion of the tooth ~ac, j 11st as bone is fonnetl by the 
ossification of pcriosteuu1 ; but it bas been shown that 
l,cncal11 pcriosteun1 a nu111bcr of bodies resembling cells 
a1 c pro<luccu, ancl that these arc the agents directly con­
ct>rncd in the production of the osseous tissue. ..\.lthough 
the fibrous tissue of the sac of tlie tooth docs not normally 

untlcrgo ossilication, there can he no doubt that this, like 
1na11y other fonns of fibrous t issue, may become ossified. 
Ilcrc, as in the periostcn1n, thei·c arc upon the deep sur­
face cell-like bodies which aro ~lowly produced, and 
fron1 these t,he 1natrix resnl ts w liich afterwards undera:oes 

~ 

calcification. The germinal ,natter of some of these cells 
1 c1nains for n tin1c as the " nuclei " of the lacun:c which 
arc ~pariugly ~cattcrcd througli the cc111entun1. 'Jbc very 
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slow formation of this tissue, ns co1llpnrcd with t,bat of 
the cnnmel nntl dentine, is, <loublless, dependent, upon the 
diminished proportion of nutrient n1attcr distributed to 
tbc tissues ns the tooth advances in clcvelopn1cnt. In 
certain morbid conditions, a more rapid production of 
cementum is associated with incrensed vnscularity of the 
so-cnlled periosteum of the fang, which represents the 
remains of the lower part of the tooth sac. 

Although I have not succeeded in demonstrating the 
"periosteun1" of the tooth as a structure distinct from the 
"periosteu1n " of the bony socket, as i\lr. Spence Bate 
maintnins, there can be no doubt wbatever that, however 
closely these two structures nuty come into contnct, continu­
ous ossification never takes place. Tue cementum, however 

closely it rcsen1blcs bone, never becomes structurally con-• 
tiouous with the bone of the socket, while the formation 
of cementun1 son1etin1es proceeds to such an extent abnor­
mally as to connect two fangs, or even two teeth together 
(see the figures of i\lr. :;.\Jartin's specin1eu, 1'omes' "Dental 
Surgery," p. 445). 

E;q1la11ation of tlte d[t}erent i·ieu·s now lielcl upon the 
development of teetlt.-The different opinions now enter­

tainetl by obsen·ers upon the develop1uent of the dental 
tissues and their relation to basement 1nembranc, or to 

the position ,Yhieh such a tissue ot1ght to occupy, arc 
clenrly shown in the following diagrams representing the 
tooth and its follicle. 



/, 
( __ ... '( 

The basement membrane between the enamel an<l 
dentine. The view generally cntertainc,l 

Jn each ngure a points Lo the black line which n1arks 
the position of the ba8en1ent 1ne1nbrane, bis the enamel, 

and c the dentine. 'Jbc bony socket is represented uy the 
strurturc shaded witb crosses; above arc the soft parts 
forming the lips of the follicle. the epithelium of th<! r,ur­

face of the 1uucous 1J1embrane being only represented on 

t,he right si<lc. 'Jbe vessels in the substance of the pulp 
are also represented in each diagr,tm. 

Jn Fig. 6 the black line is situated between the dentine 
a1lll enan1el. '£he enamel corresponds to the epitbdiu1n, 
the dentine t.o the connectiYe tissue of a tnucous u1embranc 
'J'his is the view entertained by n1ost, obscn·c.n-s in the pre­

sent d:1y . . 



Fig. 7. 

ThC' basement membrane COYC'l'ing the ena.m<>l. 
Dl•ntine and enamel being both sub-baseuicnt. 
The Yit:?,\' of Iluxley. 

In Fig. 7 the black line corresponding to the basement 

membrane is seen to pas~ over the cnmnel, so that bot.h 
the enamel and dentine lie beneath this structure. They 

a1·e both Llerrnic struetures. This is the lloctrine of Il1.1xley. 

{, 

C 

Fig. K. 

(( 

The basement membrane beneath the <lcnUne. 
The Author's view 

In Fig. S the l,lack line is seen passing over the stu·facc 

vl the pulp beneath the dentine, tiO that both enarncl anll 
(J 



d,·nlinr nrc rrgnnlr·cl ns 111odi1i,.,l <·piLl1t.:lial !-fnll'I 11r<·s. 

'J'hry arc both q,idt·rmi<'. Thi, is tlw 1i(;11· which I han• 
l;et·n Ice 1 to :1rl vo<'al c fro1n n'C<·n l i 111·ps(iga1 ions. 

( ~/thr death ,~j' the lt11AI,, a111l 1!f' cai'i,s.-'l'l'l!f h, like somc 
other tis:;urs, may clie and bc cast 0ff. 'J'hc cir,·11latio11 in 

the vc~scls of Uw pulp being intcrfcrccl with, tLe entire 
pulp tlil's, the bloocl corpu~clcs lil·comc brc,k1·n down, ancl 

the coloun.:,l solution Ul118 fon nt'1l grnrlually slain~ tile 
tll'11t1nc. St.ill the tooth n1ny lie n·tai11c,1l in its place:: for a 
long pcrio,l of lime, for although the pulp and surrou1Hling 
dt,ntinc arc tlca,1, the ccmcntu1n clcriving its n11trin1cnt 

fro1u the vessels Llist.rihutccl to the l;onc of the socket still 
retains its vitalitr, nnd oftcntimcs incrcn,.,es consiclcr·ahh· . . 
in amount. J f, however, the opposite process occurs nntl 
:1 l.,~orpt.ion takes place, the tooth soon falls out. ~ow , 

it would be "aicl that when tl1c Ycsscls of tbe pulp arc 
tlcslroy<'d, :u11l n11trient n1alte:r 110 longer permeate.:; the 

tooth strucLure, that the entire tooth is ,lead; but it is 
doubtful if in such a case the enamel. the outc•r part of the 

dentine, ancl the inner part of the cementum. arc more in­
animate than when the tooth Conned an integral part of 

the living body, ancl wns supplic<l with nutriment from 

the s:une living Llood as the soft parts. Tl,c 100th. altLou~h 
dl'ad, remains firmly aUnchecl to the li,·ing part~, a111l con­
tinues to perfor1n ii$ important function;:, like those hard 

organ:; which arc conncc'letl with various parts ol the 
surface of in~ec:t:; and crustac:ca. :\. de:11! tuot b 1nay 
reu1ain for years, pc-rhap<;. firmly fixed in the :;ockt·t, a11d 

it bas 1·ecently l.,ccn lll'O\'l!U I.,) !he highly intcre.sting re­

scnrclws of Dr. l\lit~c·herlil'h that tec•!h \l'ltieh ha,·c bccP 



l'l'.!movcd front the bo,ly, even for years, n1ay be fixed in 

t!1e alveolus of a living person and retained there for :i. 

long period. In this case the tooth is not rcnourished, but 

reruains ns lifeless as it was before. It appears that by 
the agency of sonic of the cells of the pcriotlontal n1en1-

brane remaining in the socket, little cavities nre formed upon 

the surfnce of the old cementum a.nd dentine, and that, 

afterwards new ccn1cntL11n is produced as a counterpart, 

and thus the dead tooth is firmly held in its place. J h·. 

lliitscherlich's paper, which contains mnny things of phy­

,:iological interest, has been t.rausla ted and published in 

Truman ·s "~i.rchives of Dentistry,·• No. II. 
O.l caries.-There are few snbjccts which have been 

more carcfulh studiecl than caric;;; but we ba,·e yet very 

n1uch to learn with reference to the exact nature of this 

1norbicl process. That the dentine bccmncs very soft, 

owing to the removal of its calcareous n1atter, is a fart 

known to every onr ; but how this clia11ge occurs, and the 

precise cireun1stanccs which tleterrni11t: it, are still unknown 

to dentists ancl physiologi~ts. 

Oftcnti111es low vcgrtable organisms m:iy be dr.tcctctl 

in the cariou:- matter, anti by son1r, these have been sup­

posed to be the ranse of the clisc:t~e; but. fnngi will invadt) 

any tis;;uc which is in a ~oftcne,l state and not permeate,! 

by the normnl flni<ls. Such fungi grow in vast numbers 

in all the old epithelial cells upon the surface of the 

mucous mcmbl'anc of the n1outl1, :ind if the deeper cells 

suffer in nutrition, they often becon1e invaded lJy surh 

fungi; not only so, uut lhe 111inutc germs of such si111ple 

vt•getaule orga.ni~ms cxi~t 1;Ven in tlw soft ti:;sut·s in LLc 



lllll'l'iOJ ur llh• l,1,d_1, :111.J ll11·.r g<·n11111ate ii !111· ('!Jllditiuns 

lit't'Ollll' fa1,,ural,lc·-tlaat i,, if l"l1a11gt·s l:tkc plate in tlw 

111,r111:d ti,,11c \\ h1cn·l,r ii:, i111< µ,rit.1 1, cle'frc,_1<·•l , or i11 cu11-

,.,.,1111·1H·c ol' 11hid1 it~ clc•:1th )'l'ftd!,. ,rith n•f,•n•ll('(' lo) 

th,• 11al11n• 111' l',lJ'II•~ 11111 ,i, 1,, arc· 1111t•rtai11,·cl. CJllt·. that 

1li1· ,·11:111µ.1 • cl1·1w11,I,- w,·rcl_r Ill'"" Ill<' :u t11•11 of the 1!11id, r;I 

till· 111011th; lht' ollll'I', 111,tl ,-111111• :tllt•ratiu11 i11 the 11ut1·1tie111 

l•f Ii,,· ti~s•1es prc·n·d~·~ the 11111rl1id ('hange ;\Jr. To111", 

I 1a,; shown t ha I I lw 1111wo11s 111t>111 bra 11c 1111, kl' irri ta ti,,11 

1•11llrs out. :t ll11icl l'apalih- uf i113uring ,u,w,·ptil,11· tcc·tla. 

'l'hat t Ill: tluid which :11'[,, possL'SsL·s :111 acid rtal'lion ba, 

bv1•11 ,huwn h) rxpcri1n1·nt; huL it is douLt.ful if, al lea,.t 

i11 thn 111ajority of c·:bc:; in wl11d1 the clisL·a~(: uccur~. thl'l'l: 

i:- 11111 a !'l'l'd i,111,s1tiu11 to it. 'J'lw c·na1ncl a11d the cle11ti11,• 

arc• I lte t.i,-s11e:,; 11,11ally affL·tted, ancl the d1angc goL:- nu 

11111d1 111ure r:1pidly 1u tlH· clc-11ti1ll• than in thl' l'l1a111l'l. 

. \cn,r.Ji11g (o ;\lr. 'l\,HH•,;, the ,·1·11t.ral porl1on ot thl' cn.tml'I 

r11ds is that whid1 i,, fir,-t ,1llal'k1•1l. In 1he ca,c oi the 

ckntinC', d11: i11Ll0 1 t11li11lar s11b,-ta11ee is the fi 1::.t tu go. 

~ow, a~ 1 hal'c aln·acl_, ~hown, this intcrtuLul:tr :--11h ­

i;ia1H·c• i~ fon111•d Lcfon• that portion of dcnti11c whil'h cu11-

~Lit 11(1':; the: •· ll'all" ol 1h1'. clc11li11al tube: anll the uldl·,t 

part of tliis int,,1·t11l,11hr ,uh:-;tancc i~ that "·hid1 lits ju,.1 

b...:n<.'nth the cn1rncl,-n f':ll't. ul lhc clentinc in which cari,,, 

vu·y often con1111cn,·L,. 'J'hc dentine hL·rr i, sit11atl'cl 

farthe,t. fro111 1h1.: nutrient vc,s,•1,-, an,l i11 ea,<', in 11hil'h an., 

dc•fc!'t. in fo1·111ation had occ111Tcd, thi:, wuuhl be the pc,rti o 1 

to nnclerg,) l'hangc. It is 'l11itl' po,,il,lc d1.11 in llla11_1· 

111,ta1wc•~ the ck111i1w in thi, ,i111:1tion 111ay h:11,• bl'Cll i111-

11c·rfc, ·1ly fun11td d11ri11:-: the, arh pl'ril1,l 1,f de,l•lopml'l,t , 
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or the calcifying process may not have been properly 
carried out. These circumstances render the dentine ,·ery 
li,ible to disintegration if exposed to t\Je action of acid fluids, 

or to saliva which was not perfectly normal. Perfectly 
sound tissue wouid resist the action of fluids which would 

certainly cause destruction of i1uperfectly developed den­
tine. The dentine is probably per1neated very slowly by 
fluids which pass through the vascular walls from the alka­
line blood. In the normal healthy state these alkaline llnitls 
gradually pass fro1n the pulp towards the outer part of the 
tooth ; but if fron1 any cause t.hc currents ilowing in this 
direction cease, the fluids of the mouth may attack the 
surface, and thus give rise to caries. 

Although in this way local actions 1nay alone determine 

caries, it is probable that in almost all the cases in wl.iiclt 
it occurs, there is some defect in the formation of the den­
tine which renders it predisposed to decay ; not only so, 
but caries is often associated with some temporary derange-

1uent of the healt.h. That foru1 of dyspepsia which comes 
on from 1nental anxiety seems, in some cases, to be inti-
1nately connected with the destruction of the dentine fro1u 

canes. Nor are the dental the only tissues the nutrition 
of which is affected under these circumstances. i\Iental 
anxiety seems to be a. cause of 1nany chronic diseases. 
Some suppose that this arises from a peculiar and direct 
action of the nerves upon the process of nutrition; but it 
is 1nuch more probable that this influence is inuircct, t,hat 
the derangen1ent of the digestive process and the action of 
the Ii vcr leau to changes in the co1nposition of t hcse 

nutrient fluids, and that in this way the results we ha vc 



1Jeen considcri11g arc causctl. '!'hose tiss il(•s wliicli i;x­

hibitcd any i111perfcctions of sLructure 01· c·on1posIt1on 

would be the least able to resist the clelctcrions i11/luence 
which n1ust arise from ::;11ch changes in the compo,iLiou of 

the lluicl:; by which th<:>y were pen11catcd 



LE.l'.'l'UltE X. 

ON LIFE. 

,\ND now, Gentlemen, I come to :i. part of my subject 

wliit:h I feel myself incompetent to consider. Yet I would 

not willingly on1it all reference to the tiucstion of the 

nature of life in these lectures. This n1ost abstruse and 

difncult subj cct has been very freely discussed of late in 

n1any works intended for public reading, and has ~ngagc(l 
a large share of attention. It would not, therefore, be 

1·ight in roe to pass the matter over. 1\Ioreovcr, it is cer­

tainly true, a1Hl the remark applies even to those who are 
most determined to avoid mere spect,lation, and endeavour, 

as far as possible, to be influenced only by the results of 

observation and experiment, that the thoughts will some­

times stray, perhaps against the will, into distant and 

~peculative regions. Nor a,m I sure tba,t the chief reason 

why science is becoming so popul.ar is not tha,t the mind 

of a well-educated person, after a certain time spent in 
tliscipline and training, may delight itself by wandering in 

that region which connects the known with the unknown, 

where the u1ost thou~htful of every age have found sub ­

jects for never ceasing conte1nplation, and where the 

human inlellcct may cxc1·cisc without resLrainL iLs highest 



facultic:;. I may lJc pcnnitl<:d to rccriunt briefly th,· 
general inferences which sccn1 Lo ,nc ju,,tified by ob-crva­
tion, anll to give a brief oullinc of tlie vil'ws I haYc l,e1:11 
leu to cnle1-tnin upon this most dillic11IL quesLion ; a1u.l J 
au1 the more (lcsirous of tliscussing this 111aUcr lil'<:nusc it 
so happens that u1y conclusio11s are oppos(•u to t hu~e 
generally entcrlnincd and t;iught by contcn1porary seie11Lilic 
111Cl1. 

In this course of lcclurcs I have shown th,lt all discus­
sions with reference to vital actions must Le rcstrietc<l to 
the consitleration of the changes which take place in the 
particles of germinal matter only, for here the inanimate 
n1atter cerLainly bcco1ues Jiving, ru1tl after rcLaining for a 
time the ncLive power of ani1uating new 111altcr, the pnr­
ticles 111ost cJistant fro1n the centre where they bcc.:amc 

living lose all vital power, an(l become resolved into vari­
ous substances, which, there can be no cloul,t, are again 
under the influC'ncc of physical and chemical laws. 

I ,tttributc these changes to the inlluencc of a peculiar 
})Ower, which nHty be called vital power, nn<l feel com­
pelled to accept an hypothesis, inconclusive though it be, 
until a reasonable explanntion of the pbeno1neua under 

<liscu~sion is offered. IL is now four years since I atln1nccd 
arguments in favour of the view which I have been led to 
entertain. l\ly uoctrinc ha:::., it is tl'ue, met with some 
oppo~ition, hut its opponents have not tli,cusscu the q nes­
t ions involved. 'l'hcy simply <lcny the existence of ,•ital 
power, and scrupulously avoid all discussion regarding the 
nature of th~ pht'no1nc11a "hi1:h arc attributed b~· n1e to it~ 
inllucncc 



\\' c :we nble to investigate the co1nposition of m:itt('r 

before it becomes living, an<l we can study the forces 
which arc in relation with it. So, also, we have le:uncd 

n1uch froru tbe wonderful advances of organic chemistry 

during the last few years, of the nature of the chemical 

compounds which arc produced when germinal 111attcr be­

comes formed nutterial, and when forn1ed material is dis­

intcgraicd by the action of water, oxygen, and other snu­

stnnccs. * 

,v c know s01nething, too, of the compounds resulting 

from the sudden or slow <lea th of germinal maiter. 
But we know literally nothing of the relation.;; existing 

between the different eleinents which constitute a pnrii(·le 

of lh·ing germinal matter. 
Between the time that. the inanin1ritc pnbulu1n becomes 

living and the Lime that the living matter bccon1es form(•tl 

1uaterial, there is au interval in which the 1uatter exi:,ts in 

a very peculiar and exceptional state. This is tlte lfri11g 
stale-a state which is to l,e distinguished j 'roni every other 
state in which mailer is known to exist-a state not deter­

mined or caused by external circumstances, not capable of 

being con11nunicated to matter through space, nor of Lcing 

excited in n1:tttcr by any known agents or con1bination of 

circu111stanccs-a state which n11ty cease to be 1nanife~tccl 

at any ruon1e11t, but which, as far as is known, cannot be 

caused to commence anew. Now, those who have dis-

* _F_or the evidence in favour of the view that the germinal 
or lwmg matter lloes undergo conversion into formed uin­
trrild, a~ cell wcrll, imercellular substunce, ~-c., see Lectures I., 
Jl , anll ill. 



(•n,sc1l the nature of vital foicc:;, have not all111lccl to l11i8 

lt•mporary slate. 'l'hey have I estriclcd themselves lo the 

c·on.,icleration of the m,1ttcr /ieji,re it a~~umcu this lici11r1 
statl', and a fter it bad passctl tln·o11gl1 iL. 

[ have shown t,hat every particle of nu1ltcr cxhilJiLing 

rifu/ 1"11'1wmena is derived, not from the formed 1nale1·ial, 

lint from pr-eexisting liri11g or ger111i,u1l matter, which exhi­

bilt•1l similar phcnom<:>na, aud so fro1n the first creation. 

'J'hi:,; living 1naltcr is always colourless, always contains 

ll111ch water, ancl consists of part,idcs, which, when free, 

in n1riably beco1ne spherical. 
It 1nay be rcinarked that lifeless matter 1nay exhibit 

1nany dilicrcut forms, and occurs in a variet,y of different 

~!ates, but t,hc living n1attcr of the dificrcnt beings in 

crea.tion always exhibits the sar:ne general characters. I 
have adduce<l facts which, I think, justify the conclu­

sions that. the spherules of which the living or germinal 

1Hattcr consists al'e composed of spherules cul i11Ji11itum­
that the intervals beLween thc1n arc occupied by smaller 

one~ separated from each other by fl.u id which contains in 

~olution-1, 1natter about t.o bcco1ne living; 2, substances 

whid1 do not 11\"cessarily form a const.ituent part. of the 

Ii vin~ 1nass, and which arc not capable of being animated; 

and in ve1·y n1any cases, 3, substances result.ing fro1u the 

clnni;!PS en:,uing in partides which have arrived at the encl 

of thl'ir pel'iod of existence, and the compounds formed by 

the act.ion of oxygeq upon these. 
l bPlicve that all these spherical particles arc free to 

n1nvc in f\11id, and that the 1novcmcnts in all living par­

tides take place iu the s:1.1uc dircction-fro111 the ceutrc a t 



which the partidcs been me Ii ,·i11g,-c,311lrfl11yal. The sum llc:,t 

living particle wust be of complex compositio11; but ho,v 
the elements are related to each other, how they arc influ­

t:ocecl by tlH1ir forces, or whether they affect or arc affected 

by matte1· ,tt a distance fro1u then1, there is no evidence 

to show. It seems to me probable that the orclinary forces 

of the matter of which the active living particles arc con1-

posed arc in abeyance. The changes which occur cannot 
be explained by physical and chemical laws. The matter 

before it becomes living exhibits ce1·tain well -known pro ­

perties. 'the forn1ed 1naterial produced exhibits totally 

different properties, and the disintegration of this forn1c<1 

n1atcrial gives r ise to the 1nanift:!slation of force in the 
shape of work performed; but while the matter lives 
actively the 1uost wonderful changes of place and chemical 
clrcompositions of new 1nattcr arc silently and imperccptiLly 

taking plnce, and thc5e changes may Le con1municated to 
new particles of n1atter, and so on for ever, or the changes 

occurring may sucldenly and abruptly cease, in which case 

they can never recur in those particular particles or masses 

of 1natter. It need scarcely be said t.hat, such phcnon1ena 

nrc 11ot known to occur in inanimate matter. 
.P:trticles which are lifeless attract one another, and in 

many ca•cs net upon caeh other, producing compound::: 

which cxbiLit \\'t:11-clefincd character~. The living par .. 

licles ~ee1n noeithcr to attra<'t nor to repel each other, but 

they pos~css l he power of moving fro111 the centre at which 

ther were t)roclucec1. 'J'he arran°·cn1ent of the elements in • 0 

the living particles 11111st be totally differenl lo tlrnt which 

cxi~tcd before the matter Lccamc Jiving, for all living par-



tides, how<'vcr 1.lwy 1nay difft•l' in clit•1lli<'al compo»ition 
and !Jl'Opc1tit•s, 1ixliil.iit the same form, and lJchavc iowttrJ, 
cc1'Lain rcagc,nis in prcci:Scly the same 1nanncl'. 

J)ocs not a.II Lhis in<licalc that. the onlinal'}' physical anti 
chemical fol'CC:; of 1natler al'c in al.,cyancc while maUcr 
exi~Ls in this temporary licing .~llJle ! It. seem;; as if thc•rc 
existed at this time a powel' in ohc<licnce to wLicli tLc 
n1altcr bcca111c affcctc<l in a n1a11ncr we Cannot, explain. 
it is thi,; power which we unclcrstan<l as the life. It is 
in obedience to this power I bat the living particles nlo,·e 
ji·um ccntl'cs instca<l of gr,tvitat;ng to1rarcl.; centres, like !Le 
part ielcs of orclinary 1natter. Nor can these centrifugal 
1novc111cnts Le accounted for by any physical laws ,·et tlis­
covcl'etl. 

Perhaps tl1c spontaneous (?) 1novcments observed du!'ing 
life in many fonns of living n1atlcr fro1n <lifTcrcnt living 
beings arc among the ll1osi simple of vital pheno1ncna­
sirnple, as, for example, when con1parctl with the wootlcrful 
chemical changes which take place, or with the marvellous 

actions which rcsulL in the production of a special tissue with 
some special property, as, for instance, that of contractility. 
Perhaps of t.hcse n1ovements the most simple arc such as 
1nay be observed in the co1nmon ammbn, Ol' in the pscutlo­
potlia of fora.minifera, or in the white J.,loo<l corpuscle, pus 
corpuscle, 01· mucou~ corpuscle. ln these cases a p:ll i of a 
111ass of matter, the general form of which 1nay be sphel'iral, 
1noves in ::ttlvancc of the gencl'al n1ass, :tntl !hen pe1 haps 



bc,·omcs again incorporated with it, Ol' it. nm~ move nwny 

h) a co11sitlt'rn.ble tli~tance and tben be dctachctl. :--urh 
mnvcnients may occur in every part of the mass, and n1ay be 

seen at opposite points of the circu1nference at the san1e mo­

n1t'nt. Particles which at one u1on1ent n1nr be on one si1k•, 

the next 1nfly pass over to the opposite side. Now, thc,c 

movements have been accounted for by endosrnosH, by tlif­

f11:-ion, by electricity, by an inherent power of contractility 

(whatever this may be), by the attraction exerted by sur­

rounding 111atter, by the inllucnce of the nucleus (not cx­

plainetl); butnotone expll'lnation has been offered which can 

eYeu be looked upon as plausible. The n1ovc1nents thcn1sclves 

bave been but very imperfectly considered, and 01oven1ents 

of seYernl kinds essentially different from one another have 

been included under the saiue head.* . 1Ye shall find 
that the 1nore carefully and minutely we investigat<:: this 

apparently very si1nple pheuornenon, the u1orc inscrutable 

it will appear to us. It is obvious tbat if one part of the 

mass is pushed onwards by another part, the process of 

pushing has yet to be explained. But any part 011'1)' advance 

before any other part. It is certain that gravity hfls no in­

fluence, for the particles move '}Ui te as quickly from as 

towartls the earth. A living particle suspended in fluid 

often germinates by protlucing branches radiating fron1 it 

in every direction. Living matter cannot be termed a 
colloidal fonn of matter, because it is not in the same state 

in every part. The continual variation in composition and 

* Sec a paper" On Contra~tility, as di~tingnishtd fr0111 

purely Vit,ll 1loremcnts."-Jl icrascopical Jo11r,1al, July, lSu-L 



i11 J1ositio11 ,li,tiilg11i~l1<·~ it fl'ulll t•\'l'l')' ul11LI' fol'll1 ui 

111al Lcr. 
1\fany far1s I haYC a1lYa11c,·d :,,how c,,1wl11,i\'cl_r 1l1at 

1l1cn• i;; a g<•1wr:1I te11dency in tl1<' part icl1•,; of c,·e1y 111:1: ~ 

of living n1atkr to 1110,·L' in a. clil'ection front a c·cutrr•. 
,,·l,ilr the pal,ul111n 111O,·t•s towa1 ,ls th,, r·t•ntrc. Suppose 
we• ass111nc that, the part icll'~ of \\ hich a m<,, ing rnass i, 

compo~t·1l co11sisL of parti~ !t•s 1•,er_v one of which exhibits 

the s:nne tcn<lency to mo,·0 from <·cntrl'~. , \' c know that 
inn ma~s of li1 in~ 111:itter arc ,:phcri<'al particles varying 
1nnch in sizr, ancl iL Sl'C•ms nol impossil,le that the Ya1·yiug 

intensity of i 11vi,-;il,l1• 111O,·ements in t h<.: diffcrc11t r·ornponc·11t 
particl1'.S nia)· c:111,e thr niovetncnts which we ol,,rrYe in 

the nia~;; of gt-rminal 1n:1tter. 1'he particles b<•ing all free 
to 111OYc in fluid, 1<ome woul<l mo,·e in aclvancv of othcn,. 

Nor is it JH1s,ible to conc~i v<· that a mas, r·on~titntccl .1~ 

a hove de~crilietl would e,·<'r come into a ~tate ol eqnilibriu111. 
l,Pc:n,se every partick i;; 11nclC'rgoinir change. an<l at a tlif­

Jprc·nt ra1e at 1.:n•ry n1O111C'nt of its cxi~tcncc. Xew 1,ar­
tic:les nrc b(;ing formed, old one~ ar<' dying, and being 
rt'solvecl into new 1natcriab. 1·ou n:-;k 1nc what cuus<.', 

thc~e 1x11 ticl<·~ to move thn~? I can onh· anS\\'l'l' Lrrr.: 

ancl I a,n further led lo the condu~ion lhal the i11-
Jl11cnce of this n,ystcrions agency upon the mOYC:tUC'nt~ 

<lirninishr, a,; the particle's move farther null fnrtbC'r from 
the C'entre. until at Inst it censcs. Tbt> particles di,. and 

then their eomponent. el<.>1nents come ngain un<ler the in­
llncncc of or<linary forces. Such a tl,eor~· in,·oh·c~ the :;up­
po~ition of an i11liete11/ fc11de11ry uj the ,,article., o/liri11:111u1/tr-r 

lo 111uce Ji·o111 //,c cc,1/!'e nt ll'ltir/1 tltff/ l1cca11u' fi,-iutf: tltal 



i.,, 111 a cli,·eclivn !lie rtl'f/ op1,osile nl that in ll'ltid, li/d, ss 

partic:lt:s tcoultl mon!. This is LI.Jc hy1)othesis whit:h I \'L'll­

turc to ad vn.ncc, n.nd which is su ppo1 tetl by 1nan y Lroatl. 

facts allwlcd to in these lectures. 

cnE)IIC,\L CO~STITlJTIOX OF I.TYING )I..\TTER. 

I am led to conclude that all chemical forces are 

likewise in abeyance. "\\' e cannot say living n1aLtcr is 

composed of this or that substance, for we cannot snl,­

jcct it to chemical exan1ination. "\Yliat we lest is not 

the living 01atter, but the substances resulting from its 
death. It is certain that all living matter contain3 much 

water, but how this w:i.tcr exists we have no eYille11rc•. 
"\Ye know that wlien it dies we c-an obtain water, but thc:n 

we can obtain salts, and wr, can obtain a n1atter alliP<I 

lo what is called fibrin, wuich becomes solid spontane­

ously, and shrinks of its own accord into a smaller space 

than it occupied when it was first produced ; and we 

can obtain another substance dissolved in water which 

rese1nbles what we call albumen. Bt,t it woul<l be ab­

surd to say that the living 1natter was composed of fibrin, 

albumen, antl salts. ditisolvcd in water; and it is mo;-t 

probable tbn.t the clen1cnts of the ·water itself may ex ­

hibit sou1e exceptional relation to tl1e otuer elements of 

which this living matter is constituted. It is remarkable 
that every kind of living. matter by immediate d<'alb Le 

co1nes reHolvecl into ver~· mnch tbe same kintl of s11lJ­

.-;truH'l'S. Fiu1·i11ous, n lhn 111inoi1s, fatty (pcrlia ps a,11 y loi al), 



~} I '. - ' 11,; I Ill: :--1 Hl I Tl'HL: ,\:-,; 11 1:1:0\1 Tll 111' 'J 1.,.,:-1 I-.: 

"":i11t 111:tlll•l'~, an,l wall·r ;-wl1ile, 11' Ilic partie]c,s an\ 
.tllo11L'tl lo dil• in tl1L urga11i,-m very diffl'l'l·IIL c1111q10111ul; 

1-.·stdt, a1·t·onli11:,:; lo I lie Jiffcn:11t (.;Onrlitiuus u11d1.:r wl11ch 
the mas~t·s c,f living n,ntlt•r m·c sc,crallr 1,la<:t!cl. Yon 

11111,1 not i111'1·1· thaL [ considl'r that, all fur111s of living 
111:tl lt•r co11sisL of the same dcmcnts, for it is certain 
thl'rc arc ,1ilT1·n:nccs not 011ly in the clcmc11ts present but 

in I hc•ir rt•lati\'c proportions. Still t!Jcrc arc characters in 
11 l1i1·h all fonns of li,·ing matter agree, although the results 

ul dll'ir living are so very different. All living 1ualter is 
eolourll's:<, :;trucLurcle,s, formless; all po:;sc,scs inb er<:llt 

power of movctnent, o[ decomposing certain substances 
"hith form its p:ibulun1, and of causing thei1· elements lo 

c1<.:1.:11py so1nc peculiar relation to one another; and by 
<kath

1 
every kintl of living n1atter becon1cs resolve<[ 

i1110 the ,a111c classes of substances che1nica1ly ~JH:aking. 
J luring this Ii\ ing ~tate I believe the elements of the 

111:ittcr :ind t,hc fol'ces associated with theu1 are maintained 
i11 ~ome re1narkablc and exceptional condition wbieh is 

quite peculiar, to which no parallel wLatever can be 
uffPr1:ll, an1l I attribute this to the operation of YIT.\L 

1'01, El:. 1'hi~ vital power is not ordinnry force, nor any­

thi11µ; that c,111 be rendereLl evident to the senses. Xot 011c 

of the very :,i111plcst of the phenomena called vital can be 
explained without admitting its operation. }'or instance 

n,•ither chctni::;t nor physicist, nor the two combined. can 
<',plain the formali0n uf organic n1ntt<'r so low and ,in1ple 
a, the en\·clope of the common -ycnst plant: far le,s pro­

tlt11·e it :irlilicially. Xc"erthcle,:::1, some con::;itler it pro .. 

l1,l1Jle not u11ly that :::imt1l1: org:-11\lc uuttcr will be pro• 
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,lur1•1l in the laboratory, but that the rnatter .~o form('1l 

will rrive rise to other matter like itself, nnd this to more,-
"' 

in short, th:tt n1an will some day succeed in making an 

organism out of lifeless inorganic materials. I an1 not 

aware of any chemi-0al facts which justify in any degree 

the position w hieh has been assumed by some in the dis­

cussion of this question. No chemist has ever prepared a, 

con1pound which will afterwards prepare n1orc matter 

like itself from crude substances without the chemist's 

interference. And yet the simplc~t living matter does 

this, and 1nuch more than thif--

1'11 E P f! Y!'-IC.\T. TTTF.0RY 01~ I.JFE. 

Sr,:v1,RAL atte1npts have been made iluring the last few 

years to show that there is no essential clifferen<·e between 

the changes occurring in living heings and t.hose which 

take place in inorganic rr1atter. These efforts have h<>en 

~o far successful as to induce many ~<'icntific men to 

acknowleclge the importance of t.he views advanced, whik 

$Orne have even given their assent to t.he dirturn thHt vital 

force is physical force, an,l have not failrcl to a~;:i;:t in pro­

pagating it .. 

That, chemical ch,inges orc,u· in living beings clo~~l.v 

resemhling tho~e which take place under certain cirrum­

stances in inrin ima.te n1atter, an1l t.h,tt from the act ion of 

1,rrtain snhstitnces upon each other, whether in t111, 

body of an animal or in the lahorator_v of the chPmist. thP 

sarue <lPfinitc compoun<l may rcf<nlt, is admittPrl hy :il l ; 
,., 



l111t this i:i a vt>ry di1Terc11t proposition to that whic-11 :1s~r·1t,, 

that the phc~noml'nrt accompanying 1 he chanl£cS in the 
i11a11imalc matter fot'1ni11g the e:arth'~ rrnst arc thv ~a111c 

i11 their es~ential nat11r<· as those: which :,re nssoe:iatc•I with 
the formn.Lion arnl d<>ve1opmcnt. of a li,·ing being. 

Lt is true that phy~ical and c-hemi<·al c:liau/!c~ an• c-on­
l'ernc<l in the building 11p an,l breaking down of every 

Ii, i11g tissue, but <loes it therefore follow that theji,r1natiu11 

of the tissue is the effect or consequence of these changes 
alo1w i it is undoubtcLll)' easy to show that many of the 

chnn<Yes occurrin« in inor"anic matter resemble e:hano-0 es n t:> t:> 

which take place in living organis,ns; l.Jut. it is surpris-

i1,~ th:tt 1nany devoted to physical science, who have 
:-carccly acquainted thcinsclvcs with the physiological 

ueari11g of the question. and have only consitlercu tl1 e 

phcno1n<•11a as they occur in tl1<: fully tlevclopctl n1an or 
anin1al, should have gone so f:11· as to assert that all tl1e 

d1anges were <luc to physical and chemical net ions alone. 

\\'hen we come to a very rareful examin ation of the phe-
11omena in tht>ir si111plcst con1lition, as manifc,tcd in a 

si11rtle cell, the remarkable <li ffercnc·cs whie:h realh· exist 
t:> • 

between physical an<l chemical, and cited a<'tions present 

tlll•mselvcs in a sufllt-i cn tly s1riki11g form to convince the 
mi11d of their essentially distinct n.1tLll'<:. Hut in these 
days then· is li1 tic prospcl:t ol' the pheno1nc•na uct:1n·ring i11 
a ,,incrlc cell hc:ino- re<ranle1! with 111111·h intc•re,-L The 

~ :":) ::, 

formation anti destruction of fauna, ancl llora~, a!'t<•roitl-. 

anti workb. su11s and sy,;tcm,;. ab~orli the att1,ntion. 
The very terms former I y :1 pp li\·d ,,xcl11si H·l y to t IH• 

•·h •,ucr"s u<·t·urrin rr in lirin" tliin«, arc nuw tl~t·d in ;p<•ak-
..... '"' 0.... ~ t" :":· 
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ing of lifeless bodies. 1'he willow lc11f-like bodies in the 

photosphere of the sun at it ternpcrat ure sullicient, to con ­

vc1-t m,iny 111ctals into vapour, are "01·ga11is111," which 

"<Wl'elup" and " elaborate '' heat and light from the boson1 

of a non-luminous fluid (~ir John llerschel, "Goocl 

\ V orcls," 1 SGJ, p. 282.) 'rhcsc " org,1nisms " have been 

compared to certain well-k11ow11 form~ of cliatomaccn:i. 

Nay, Dr. Tyntlall speaks of a watch as a "lillle creature" 
which shows "signs of w1i111ation," and is 1

' reslorecl lo lije" 
by the application of its key ! \\rhen philosophers speak 

thus, it is not to be wonclered at that students should be 

led to the conclusion that vital and physical forces are one 
,1nd the same in kind and essential nature, and that there 

is no real distinction between a 1ncchanism n1adc by 

human hands aud a n1echanisn1 resulting fron1 changes 

occurring in a l iving organism. Such terms are, perhaps, 

employed only rnetaphorically, and arc not intended to be 

accepted in a literal sense. Still they are open to n1uch 
n1isconception, and without doubt give rise to very erro­
neous conclusions. 

At the same time I would reinark that, while I an1 fully 

convinced that vital, as tlistinguished fro1n physical force, 
exists in all living matter, I 1nigbt go farther than 

many of those who adopt the physical theory of life, and 

admit not only that muscular and nervous action, but that 

the production of 1uany of the compounds found in 

the secretions and in the blood a1·e llne to physical 

and chemical changes alone. T would ;ulmit that many of 

the phenomena which are now generally considered to 

rnake up "the life" of t,he fully ,fonnctl organism arc 
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phy~icnl phcnomc11a. Hul how ,·cry 111uch tlwrc 1·1·111ai1J,. 

?1cvc1·theless, tu be explained! (Jf thill any physi<·i,,t woul<l 

be conviucccl were he to spend but a short tirnc in siuq,ly 

0l1serc;11!/ tl1c changt·s whid1 take place dnriug the: life or 

the i-implcst tiving thing. 'l'hc phenomena npon which 

:,omc phy~ir·i,-1., dwell arc hut the co11scquc•11ct•:; of prior 

change~, which cha11gc3 ,ire of a Y1·ry complex nuturc 

The physicist does not inquire l1ow the ni:tttt:r-s wliich are 

dccompoi,c<.l were produced. llc rcgardR their Ji,l'lnation as 

11otl1ing. 1'hcy arc there, and that is suflicicnt for him. Ile­

traccs in:ttler nnd force into a fully dc,•clopecl or~anism, 

and obtains 1nattcr ancl u-ork from an orga11i:sm, and this 

to him sccrns to be all that is worth inquiring about. Iie 

affirms tlHtt the organisrn is fon11e<l or built by the sun. 

lfe seems to think that p.tl,ulun, goes into a living thing, 

and becomes changed ehen1ically, just as it 111ay be changed 

io hi~ labor·atory, anti the result,; of this change are work 

r.-ncl certain new compounds which are got rid of. 

Yet how widely different are these conclusions from 

those which are arrived at fro1n an actual investigation 

of the phenomena as they occur in living things, from 

which we learn thr.t tJhe inanimate pabulum, or certain of 

its elements, passes through a certain transitional stage in 

which very peculiar actions take place. The subsequent 

phenomena could never hnve occurred unless the matter 

hncl passecl throngh this prior ~tage: everything which 

uct'urs afterwards is a ronscquence of the stale of thing::. 

cxi,;ting at thi:; pcl'iod. Now, what has the physicist clone 

.owards the elucidation of the phenomena occurr i11~ in 

tai:.-- ~tatl1? Al.,solutelY uothinl! ! And noL on!~· :,0, b1,1.t 
• y 
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he has ignorctl it as if it tlitl not exist. 'l'o him there 
cau be no phenomena occurring in living beings which. 
ar<:l not of a nature identical with those occurring in 
the external world ; so he abstains from investigating 
any of the phenomena which occur in living organis1ns, 
save those which take place in 1natter that has really 

ceased to liv<:l. Then he argues that, as all these phe­
nomena, which be has shown to be purely physical, were 
until recently considered as purely vital, therefure all 

the phenomena of living beings n1ust be physical Nor 
does he even hint at the possibility of the existence of any 
other phenon1ena in living beings than those to which he 
refers. 

Now, no one knows better than the physicist how very 

inexact and i1nperfect our knowledge even of the physical 
phenomena of living beings really is, and how very 1nuch 

yet remains to be discovered before we can explain th.it 
apparently very simple phenomenon- muscular contrac­
tion. One would have concluded, t herefore, that physi­
cists would have exercisetl the utmost caution in drawing 
inferences respecting the nature of the more abstruse 
antl complex. phenomena of living beings. No one kuows 
better than the physicist that, the force of piuscular con­
traction very far exceeds that which can be obtained from 

any known arrangement containing the same weight of 
n1atter. The physicist prides himself upon never ad­
vancing to a second position until the first one bas been 
clearly established. liis n1ind must not be allowed to 
indulge in crude fancies but must be peru1itted to reason 

upon the results of rigid and exact expcrin1ent only, an<l 
2 r 



;et, 110 sooncl' dues he·, pa~s from his own ;.pcc1al dqi,11·t-

1nC'nt to enter upon the <:011~ideration of Lht foH·t•s of 

organic nature, than he abandons the prio<:iples of invc:,­

tigation laid down, allows l1is fancy to i11clulge in tl1e 

wildest theories, and puts forward a~ rigid L,cts what 

his sobtr reason would tell him arc but the most Ytkgue 

and ill-d·cfi11e<l assumptions. 

Nor can it be den ie<l that son1c of the disciples of tbr, 

new philosophy, 11ot contcr,t with the slow advance of 

real earnest research, have :idoptcd the very olcJ system of 

<logmatising. 'l'he first article of the new faith is that the 

<tnly forces in Nature a1·e <leri ve<l from the Sun. 'l'hen, as 

all vital are natural fo1·ces, therefore vital force is but solar 

euergy, and so the 1:,un is the source of all Ii fe. 'This 

Jogma being accepted it is eu,;y to convince people that in 

the pro<lu1.:tio11 of higher and mo1·e elaborate st ructurcs, a 

gl'eatcr alllount of solar energy must be absorbed anJ ren­

dered latent, than in the formation of very simple Ii ving 

organisius. It is ad111ited by all that. the comparatively 

simple veget:tble structures directly absorb inorganic ele­

u1ents and solar energy, while animals can only take in 

1natter and force w·hid1 ha;:; been first elaborated by the 

-vegetabl'e kingdom. A.nd since it has been shown (as• 

3uroed ?) that in the fonnation of a complex cell with 

high endowments a n1uch greater amount of force is re­

quired· than in the prod'L1ction of a simple cell, it ought 

to follow as a corollary that by the d-eath and destruction 

of one of the brain cell's of 1nan, for example, a nn1ch 

greater quantity of force is set free in one form or other, 

ih.a:c. e:.;capes at the death of an inferior stiructure. '1'b.c 



c.lisciples of tbc ocw school b1iving nssumctl I.hat tbc 

brain cell in its formation absorbs a greater amount of 
force than a cell of lower organization, argue that the n1ost 

highly endowed brain cell must have absorbed more force 

than an ordinary cell of t.he same character.* 

Every one knows that a picture, a steam engine, a 

lifeless plant, animal, or man, i.1 Lhe result of the action 
of something more than ordinary force. And there is this 

obvious differente between the lifeless animal or ,nan antl 

the steam engine, that whereas the latter can always be 

1nade to work, there are no ineans of causing the former 

to resume work after it has once stopped, and yet a sktle­

ton bas been comparetl to a stea1n engine with the.fires out! 

The results of the action, in the pro<luction of tissue, of the 

something 1nore than mere force have been made to stan<l 

for the something itself. So the processes of disintegration 

and chemicu.l change occurring in tijeless matter, the direct 

result of prior changes occurring while the matter was yet 

alive, have been regnnled as the life itself. 

It would seem rather that the marvellous en<low1nents 

of a cell have notLing whtttevcr to do ·witb ordinary force. 

The liver cell does not differ, as far as is yet known, from 

the nerve cell iu the different amount of force it contains, 

* It might be further argued that, since io a great pic­
ture which results from the working of such highly endowcu 
ceHs, mu~t be accumulated a far greater amount of force 
than in a daub, it ought to follow that when the work of ai 
great artist is subjected to combu.stion, more energy in the 
form of motion, heitt, or light should be set free, than fro1n 
the oxidation under precisely similar conditions of the same 
amount of oil, p:liut, and canvas in a crutle anJ formless state l 
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l,ut iu the power resident in f !tat. part of it wliil'h eon,-.i~t,. 

or living 111attt!r. So111c ~<:cm to ig11ore cvt•n·thing that 

cannot be put into a Lottie or exhibited upon a s<·n:t'll, aL1Cl 

natl1rally (leny the cxist.rnl'C of po1cer as dislingui,licd from 

Ji,n·e. 
But is it not ca:1,v to ~how the fall:1cy of the view:, which 

al'e now very generally entertained upun this quc~tion, 

unless the truly l'i/11/ arc carefully clistinguisbe<l ho111 all 

other actions of living l,eings. If the two di,,tinct dassc:, 

uf pbe11omen,L, lo which I have nwny times a<lvertcd, 

are confused together under the te1n1 t'illll, it woul<l 

be dillicult int\ccd t.o refute any theory of life that has 

'1ccn or n1a,v be propounded, if but very moderate in­

genuity l,c •~111ployecl in at'l'anging the terms in which 

it is expressc<l; but if these phenolllenn nre di!Terent in 

their nature-and 1 think from the evidence I bavc ad­

duced you will admit they arc different-then the vital 

actions must be placed in a distinct category, and cannot 

be confountlcJ with, or inclu<led unJcr, physical phcno-

1ncna. 
I a1n quite unable to define the nature of the sup­

posed vital power, but 1 think l ba.vc shown that the pbe-

110111cna, wbich 1nay be observed by all, cannot be cx­

plaine<l, unless they are regarded as resulting from tbe in­

iluence of soanc peculiar power or agency upon ordinary 

niatter anc.l its forces. 1'bis power is, in its nature, as dif­

ferent, frvm the force as it is fron1 the u1atter. It is one of 

the i,nmatcria.l agencies in :Nature, the exi~tencc of which 

has been adniittcd by philosophers of every school and 

by the disciples of every faith, save by those few per-
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sons who h:tvc cmbracctl the <logma that in Nature 
there exists notl,ing but matter and force, and who 
profess to believe thaL the formation and action of the 
simplest organisms, as well as the working of the human 
intellect, are to be explained by the operation of ma-
terial forces alone. 

student of Nature, 
Every one, however, who is a simple 

whether he regards her operations 
fro1n a general point of view, or penetrates to her in­

most mysteries, soon arrives at the conclusion that there 
is in all living beings something besides mere force and 
matter. True, he finds in living beings only the ordi­
nary elements of matter, and he de1nonstrates the action 
of ordinary force, but he discovers t,hat even in the lifeless 
matter from organisms, the elements arc combined in a 

peculiar and subtle 1nanner which he can imitate in very 
few instances, and he finds force producing results which 
are immeasurably beyond the results which the power of 
man can produce by directing the same forces. 1'here 
seems to be something which conLrofs t,he matt.er ancl 

<lirects the force, and this son1ething acts in a peculiru· 
and marvellous way, so that where work is required, this 

work is performed by selj-niacle 111echanism, without that 
waste of material and waste of force which occurs iu the 
construction and working of every 01achine made by man. 
The amount of work produced by the expenditure of the 

same quantit_v of material is iu fact many timea greater 
than can be obtained in the most perfect machine, to say 
nothing of the unexplained rnarvel of the sclf-manufacture­

of the machinery, its constant repair, ant! the cndles& 
production of new machinery equally perfect and rqually 



powerf u I wi iii that fi n,t f ormc,1. 'l'h is ~on,ctl1i ng, which 

we 111ay call vital power., or c~sen<·<· or spirit, or by any 

other name, influences the for1J1alio11 :tnd action of cv<.:ry 

kin<! of living thi1;g, from the simplest to the 111ost c·om­

plex. 'J'he prod uclion of the cell wall of tlw dc,pise<l 
fu11gns c:111nol, he accuuntell for without supposing such 
power any 1norc than the eomp~ex mcchanis111 of the 

human brain antl its marvellous aeLions. 

'l'he fignre below 1nay, perhaps, enable me to explain 

with greater clearness tha.n 1 have hcen able to do in 

words, the ph-1:nomcna which 1 think occur in the smallest 

particle of living matler,-for exa1nplr, the most minute 

vcgelal>le sporule which appears uncl1,r a. power of 10,lJOU 
,liametcrs as .a mere point. I t will also represent ,vhat I 

believe takes place in the ultin1ate particles of every for1u 

of living or germinal matler. 

The mo~t 111i11ute living- particl('. 
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Jn the centrn.l part nre spherules which have rccenlly 

assnmt•tl the living state, con~isting of mnlter which was 

but just before inanimate pabulum. Beyond these are 

ulcler and larger spherules which arc still ,1,b:;orbing palllt­
lum and growing. In m:i.ny of these latter n1:w centres 

are being developed. In all these VITAL phenomena arc 

going on. A.s t.he particles 1nove furthrr fron1 tbc 
centre, they undergo changes of another kind. 'They 

gradually cease to manifest VITAr, phenon1cna. They lose 

the power of animating lifeless 1nattcr, and become re­

solved into passive formed material. This is represented 

in the drawing by fine lines. The formed material itself 

is cltangect by PIIYSJCAL anti CHEMICAL actions. It 

may undergo condensation as it accumulates, or it may 

gradually become resolved into ne,v substances of simpler 

chemic:t! composit.ion by the disintegrating actio11 uf 

oxygen, 1noisture, '-~c. 

• 
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