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Cytochernical' techniqutes wÊre utsed to stutdy the e{{ect

of Adriarnycin on the aIkal ine phosphatase activity of rat

incísor purlp ceI1s. Young male $praglte*Dawley rats (1() days

oI d ) wËre i nj ected sutbcutaneousl y wi th Adri amyci n (5' O

mg/kg) and killed by perfusion with å ?7. blrf{ered formalde-

hyde solution at 3, 5 and 7 days after injection. The pulps

wêre either dfssected CIut prior to demineralization" or werg

used af ter the i nc t sors ü{ere demi neral i z ed i n ån EDTA

sol urtf on. Incurbatl on of the pr-rl p segments waË carri ed outt

in t]ne of 4 reaction medfums {or increasing periods of tfme.

Electron mlcroscopic observatÍans revealed osteodentÍn

forrnation in the Adriamycfn treated EroLtps. Associated wlth

the osteodentí n were odontobl ast-I I þ;e cel 1 ç' The I atter

exhibited å higher a1 kal irre phosphatase activity than

utntreatetl purlp cel. 1s. This actlvity wåË Ëeen primari Iy f n

åsËociation with the plasma mernbråneEo and along the ËÊcre-

tory pathway of the cel1s. This actlvity increased with

longer incubation times. In the EDTA-treated lncisors the

reactionç¡ wÊrë tårËåt1y redutcecl or wer-e abserrt' The resltlts

incJicated that Adriamycin cautsed the di+ferentiatfon o{ pulp

cel I s Í nto odontoh¡l ast-t i ke cel 1s that were åEsclci ated wi th

ån osteocJentin matrix, These cells showed å hiçh alkalÍne

phosphataae activity, lndicating that they måy be invcrlved

in the rniner-aliration of the osteodentin matrix throuqh the



ti.

transport of metaboliteE. ThÍs ProceEE åpPeårs to be

åEÉËciated (and probably t:cc(-trË çlrnutltaneoutely) wlth proteln

secret i on .
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LrËT nF AB.FBEVIAIioNS

Adriamycln* trade nårne for d6x6rltbÍcin hydrochlnride; trade-

rnarþ; property o{ Adria Labor-atorfes of canadar Ltd"

AFase- nQn-Épecif f c aIltaline pho*phatase (8.C, f," 1.3.1)

ATF* adenosine triPhosPhate

DDSâ- dodecenyl st-tccf nf u anhydr"ida

DMP-$O- dimethyl amino methyl phenol

EDTA- dieodiurn ethylenedf aminetetraacetate

Ë6TA*ethyleneglyccllbfs-(E-arnfnoethylether)

Ni N! N', No -tetracetic acitl

ER- endoplaemf c retf culum
Ë+ 3+

Mg -nEa -ATPase- magneeiLtm-p calclutm-activated adenoeine

triphosPhataee (8. C. 3" å. 1 ' 3)

l4VBe* atultlvesf cular bodf ec
++

Na -!K -ATFäËg- sodiLtfrì*¡ potassiltrn*activated aclen6efne

triPhosPhatase (8,C. 3'á' 1'3)

NÌ'lA- nadic methyl anhYdrfde

Fi- inorganfc PhosPhate

FFi- fnorqanic PYroPhoaPhate

S0 zclne- surbodontoblastic zÞne

UA* uranyl acetate
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I N]RODUCT I EN

âI kal I ne îhpsnhqtase

Research concernÍng t:nzymeË capable of hydrolyzing

phosphate esters extende back over 7ä yeårs. suzuki u

Yoehf.mura and Takaf shi in Lg¡J7 reported the exietence o{ an

enzyme in cereals that acted upon phytin to relËase inorgan-

ic phoephate, Thte was confirmed the next yeår by Harden

and Young (1908)r who aleo found that the optimal actfvity

of thiE ËlnzymÊ h¡åts fn ån alkaline medium. Ëubsequent

regearch showed that extracts of mammalfan tisguesu particu-

larly kidney and intestlnal mLlcosau contained enzymes that

hydrolyzed haxoee phosphates and glycerophoephatee (Brosser

and Hueler 191?; Von Euler 191?).

The yËår 1?23 saw the beginning of a period of intenee

fnvestigatlon fnto phosphatåse5 after the diecovery that

ossifylnq cartilaqe wåE a rfch eource of theEe enzyfnets

(Robfson 1923), Robieon and his group diEcovered many

aspects of this nÊw enzyme, such å5 the proposed rola of

phoephatase in the mfneralizatlon of tiesues (RobiEon 1923)¡

the optimal pH for bone phosphatase, which waË e.4-9.4

(Robison and Soameç 19?4) ¡ and the optimal pH for phospha-

taee in soft tfseues, sttch ås kidneyu inteetlnal mucoså and

blood plaerna, which wåE similar to that of bone phosphatase

(Martland and RobiEon Lq?.+). Other Boft tiseues u¿ith hiqh

phosphataee activfty. such åË llver and spleen¡ were {ound
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to have an additlonal phoephataee activity at pH 5 (Davies

1?34), It wås f lrrther propoøed by Davies that t,he terme

actd and alkalfne phosphataee be employed to dlstinguish

between the ensyfngs' AIeou rnåny phoøphate derivativeE were

found to be good eubstrateE for theee enzym@s" These

dsrfvåtiv@ts lncIudæd hpxosø phoøphateøu gtyc@roFhoøphatee

and ethyl u adenyl u and phenyl phosphateø (Kay 1?3?) ' By

1?3óo it was discovered that rnany di+{erent classee of

phoephatasets werË fn exietence, and tsome hJere Eubstrate

tspect{ic. Ae welI, it waE digcovered that one tleeue could

contaln several different typee of phosphataees (Folley and

Kay 193å) '

The development o{ a histochamical method dernonstratinç

alkaline phosphatase activity fn tlssuee (Bomori 1939¡

Takamatgu 1939) was followed by nxtenslve fnvøstiçatlon into

the local izatfon of the enzyrne, especfal ly ln mammal 1an

tfesueE. Many Epecles were employed, and a wlde ranqe of

mlneralfzing tleeuee werÊ lnveetlgated, euch ae bone (Bomorf

1943g Buretone 1960¡ Jeffree 19å2)r calclfylng cartilage

(Êomorf 1943; Moree and Breep l95l¡ Burstone 1960)r and

dental tfesLree (EngIe and Furuta tq42¡ Bomori 1943; Harrlg

1?5O¡ Symons 1955b; Buretone 1?óO¡ Ten Cate L9à2ø t966i

Eoggine and Fullmer ßâ7¡ Higuel Lq7Qr. Theee ensym€?s have

aleo been demonstrated in å number of eoft tfeeues such as

kidney, intestlnaL fnutrclBåo llver, and placenta (for a

revien, see Roche 195O and FiEhman Iq74) "



5,

With the fntroductton of thæ electron microøcopeu the

ul traetrlrctural l oca1 I z at I on of aI kal i nø phosphatasee u'¡i th i n

celIE o{ varlous tissues û{as fnvestlgated' The presence of

the enzymEs in many eoft tlseLtee was confirmæd, and enzyme

actfvity was also detected in mineralfzed tiesue-producfng

cel I e.,

AlkaIine phonphataee activity has been atsscltriated with

dental tiseueE ëivÊr eince s hfetochemfcal technlque for fte

localization was developed (Bomori 193?r 194S), Hard tiesue

{ormatfon {n the tooth ls an excellent eNample of the

mfneralization processÞ eltspeclalty eince the celle involved

can be eaeily isolated and, in the caee of odontoblaøteu

dlEeected ourt f or øtudy (Linde Lq72,l " l"loetr i{ not al l

EtudfeE heve reported enzyrngl actfvlty fn the Etratum lnter-

medium, the etellate reticulumu the fnner dental epithelium

and the eubodontoblastic putp cell zone. HowevËr, the

praøence o{ the enzyme in odontoblaete, øecretory amelo-

blaete and the external dental eplthellum te debatable'

Earlier reEearchere found no evidence o{ enzymÉ actfvity

åssc,ci ated wf th odontobl aste (EnqI e and Furuta L947'g Ten

Ëate t962; Kiguel 19ó5, 197O) I but fnore recent reporte Ehow

strong evidence for the exfEtence of somÊ enzymatlc actlvfty

asEoctated with these cells (Harris 1?SO¡ Ten Eate 196å5

Kurahashf and Yoehlki L972i Leonard and ProvenzE L9731

MagnueøonandLfndetgT4¡HaørelErenetalIqTe;orameand

Snlbeon 198?; Takanou ozawa and Çrenehaw 1986). This
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eÍ tuat t on I s sl mf I ar to that o{ secrætory amel ob I aets '

Earller resËarchers reported no activity (Êltretone 19áO¡ Ten

Ëate1963;Kfguel1965,lqTQ,,butmorerec@ntIy'actfvity
of the enzyme åssclclated with these celIE has been observed

(Kurahaehf and YoshÍ ki t9725 ffagnuøeon et al L974d Branström

and Linde Iq7â; CIrams 19Ë1¡ Orame and sntbson 1982)' In aII

Ëases, the activity was ås,strcfated with the celI membranËE'

t/|ith regarde to the odontoblaEte! llttle or no activlty wae

found on the cytoplasmfc FrËcetsÉee withfn the dentlnal

tubules, t^|ith regarde to ameloblaeteo moøt activfty was

found in the pro>rimal part of the cellu near the stratum

i ntermedi urn '

Recently, alkatine phosphataøe wae found åsEociated

wlth thE cementum Iayer of the tooth, sFeclffcally the

cellular cementurn, another mlneralfzing tissue of the tooth

(Branetröm 19gZ),

The ldentl.flcatfon of a second form of alkaline phos-

phatase,adenoslnetrlphosphatase,ahighlyeubEtrate-

Epeclfic enzymeo 1n måny cellB of the tooth wae followed by

å period of intense invegtlgatlon and several theoriee

regardfng the role o{ both enzymes in the mineralizaton

procegs. This second enEyfner å magneøiullì-p calclum-
2+ 2+

activated adenosine triphoephatase (Mg -rEa -ATPaEeu E"C.

3,å.1.3) wae dlecovered by researchers usinq seneftive

hietochemlcal and biochemfcal technlquesu and by employlng

ge,lective tnhfbitorE of the various alkaline phosphatames
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{ound within the cells (Borgers LqTi)" l'4g -uËa -ATFase

haçbeendemonatratedinameloblastg(bothpreËecrEtoryand

secretory), odontoblastso and the celle of the pLrIpu fn

particular the pulp celle o{ the sutbodontoblastlc zone.

Employingbothliehtmicroecoplcandelectronmicroscoplc

techniquesu the urltragtructural locallzatlon o{ thfs enzyme

has been cjetermined åts wÉlI" Presecretery ameloblaøte show

actlvity on the celtular rnembraner, ËlsFecialIy at the

proximal end nËar the stratum lntermedium (Severson 1968¡

MagnuseonetalIgT4¡Ì,legnutssonandLindetgT4¡Takanoo

ozawa and crenshaw 198ó), The eecretory ameloblaøtst

however¡ show actf vlty ctver the entlre cel1 membrane'

Especially the TomeE processes (severson 19éB; Crenshaw and

Takano 198?¡ Takano, 0lawa and crenshaw 198å¡ Sasal';i and

Garant 198å) . Severson ( 1968) and crenehaw and Takano

( t9g2) notl ced EBfne actl vt ty Õn the rnaturatf on stage arnel o-

blasts,butthÍgWäsprimarflyIlmitedtothebaøeo{the

cells. odontoblaets have been reported to exhibit
?+ 2+

Mq -,Ëa -ATPase on the cellular rnembrane (severson 19åBg

Magnursson and Linde tq74¡ Magnusson et aI L974) and intra-

cel lular veslcles (Glranstrtimo Linde and Nygren L97B¡ Linde

and Eranström 1978). Biochemlcal studies have also reported

Enzyfne activity åEisoclated wfth the microEomal fractionE of

thæodontoblasts(Jontell,ËranetrömandLlndet979;

Franström and Llnde 1981). Elranström (1984) recently

presented further- evidence to eupport the Iocalizatlon of
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3.+ 2+
theMg_oCa-ATPaseinthegmoothendoplasmicretict-tlum

ancl Eolgi bocly membrane fraction o{ odontoblaEts' Pulp

treIIE also exhibít Borne *nt*-ra*to-or*ase activity, moetly

on the ceI l rnernbranes (Severson 19óE; l'laçnusson et aI L974i

MagnussonandLindeLgT4;BuoandMesserIqT6ll9TB¡Abiko

t977¡ LeBell 1981). It shoLtld be noted that in alI studies

concerningpurlpcell.E.odontoblastswereincluded'The

celle o{ the subodontoblastic Iayer WË¡.e also included in

the above studies, but htstochemlcal analysls has demon-
l+ ã+

strated hiqh Mg -rËa -ATPaee activity åssociated with the

rnembranes of these cel I s" It i s al so f nterestf ng to

note that blood veeeels found fn the dental tlesuee also
2+ 2+

exhlbited trome tlg -rËa -ATFase actlvity (Eoggfns and

Fullmer lq67i Severson 19ê8; Magnusson and Linda L974i

Erenshaw and Takano 198?),

The bf ochemi cal characteri zatÍ on and the I ocal i ¡atf on

of the atkaline phosphatases in the celIs of the tooth have

revealed çíofne possible {unctionç {or theee enzyrnes fn the

mfneralization FrocEss, RobiEon, in 19?3r wås the first to

put forward å theory concernlng the relationship of the

enzymeË to mineralized tiseues. He stated that the mineral-

lration of the tÍßsLre would occLlr sppntaneouely f+ the

concentratl on o.f caI ci, urn phosphate i n the extracel I r-tl ar

tissue {turirJ exceeded its eaturation point. The phosphate

Nås contr-ibuted by the action o{ the alkaline phosphatåseB

Lrpon orçanic phosphate esters' This was the çenerally
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åccepted furnction o{ the en:yfne ín alI harcl tf ssueso but

wiilr :its rJiscovery in nÖn-rniner'å1i;rÍng ti$sutes|' other

possible fr.rnctions for alkaline phosphatåses werË presentecl'

Bevelancler and Johnson (1945) thouqht that the enlyfne

act i vi ty wå5 åssoci ated wl th cel I prol l {erati on and di vi -

sion, Thie idea wå5 shared by symnns (1?55a) and Kigltel

(1970). A connection between {ibrlllogenesi* and alllaline

phosphatase activity waE made by rn,äny researchers (Jeener

L947; Bradfleld tg4q, 195O1 KiqueI 19ó5¡ Yoshiki and Hura-

hashi I97t). Ten Cate (1?åå) was fnorÉ speËiflc by åssociat-

i n,l the enzyfne acti vi ty of certai n dental cel I s wÍ th the

synthesi s of coI 1 ågen f i bres. 5ti 1 I another {uncti on

åËsclcf ated wi th the aIþ;aI i ne phosphataee acti vi ty wÂË the

prnduction o{ mutcopolysaccharidee (glycosaminoglycans) and

other components of organic matrices å5Ëclciated with the

enryme-åctive cel ls (Ten Catæ 19ó?" 19ó31 l+iiguteL l9é4'

tcì7Õt .

one theory that 1s wirJely held and bears Eofne coneider-

ation is that plrt ,f orward by Ner-trnan and his qroLtp. They

cliscoveresJ that inorganic pyrophosphate (FFi ) arrd adenosine

triphosphate (ATF)" both st-tbstrates fcrr alkaline phos-

phatasen inhibited mineralÍ¡atiorr of tissutes (FIeisch and

Neurman 19ó1i Fleisch 19å4)" This evidence srtgçests the

erì:¡yme is responsible for splitting these and other phoø*

plrate esiters, tht-rs tceep i ng thesie i nh i b i tors { rnm the årediì5

o't miner-aliuation (Neltman and Neuman 19581 Fleisch and
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Neuman 1960, 19ó1). WhiIe thig theory has been øupported by

rnåny authors, nothf ng conclusive hag been preeented tht-ts

f ar'.

Alt:aIine phosphatase has aIso been åsËociated wfth

celIs involved Ín the transport of varioue subetanceø åcroe,s

cell, membranes. ThiE has especiatly been tseen in odonto-

bIastE, known for thelr transport of certaln ionE and

eubstancee f rom the pulpal rnatri>l to the dentinal matrlx,

It has been postulated that the alkalfne phosphataee located

on the celI rnembranes måy be eelective in the eubetrateø

that are transported {rom the pulp core to be employed in

elther måtrix fnrmatfon or mineralizatlon of the matrix

(BurrEtone 19êO; Ten Cate t9â? .- tq66; KigueI 197CI¡ Yoøhf ki

and Kurahashi 1971 ) ,

With the discovery and subsequrent characterfzation of
2+ 2+

HË -uca -ATPaee in odontoblasts and cells o{ the pulp. a

new function relating thÍs enzyfne to the mineralization

procesË was postulated, Anderson (t973) was the first to

Fropose ån ATP-energized "cåIcium pumP" that could be

responslble for the accumulation of calc{um wlthin extra-

cel I utl ar matri >l vesÍ cl es i nvol ved i n ti ssue mi neral i zati on "

This h,aËi sr-rpported by Ali and Evans (1973) who f ound that

the {ormation of hydroxyåpåtite frorn matrix veeicles in

calci{yinç cartilage was dependent Llpon the presence of

calciurn and ATF, and the reaction wås enhanced in alkaline

conditions. Guro and Ì"lesser (ß7â) first äEËociated the
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2+ 2+
Mq-,Ca_ATPageofpurlpcellswiththiçpossiblerolein

relation to the mineralization o{ dentÍn. Abiko (L977) also
?+ ?+

ment i oned that the Mlå -, Ca -ATPase of dental putl p måy

promote caI ci utm i on transPort '

Linde and Branström, Iocallzing *nt*-ua*t*-orFaese to

the intracellutlar veslcles of odontoblaEtso sÊt out to provËr
2+

the existence of å ca -pumF ln odontoblaste that mäy be

involvedtnthemlneralizationøÍdentln.Inageriesof

Fåpers (Llnde and Ëranetröm I97âl Eranetrörn and Linde 1981¡
?+

Branström1984)'theyEhcrwedthatCauptakebyåmicro-

somal fraction from odontoblaetso containfnq the intra-

cellular vesiclee tn question, was dependent LtPon ATP beinq
?+ ?+

present.ThlsuptaÞler^|åSattrfbutedtothel"lg-,Ea

ATPaseand,toaleeserdegreelnon-Specificalkaline

phosphataee (APaeeo E. E. 3' 1' 3' 1) ' Ae we1 I o 6ranstriim
!+ 2+

belfeves¡ that this Mg -rCå -ATFaee may be acting åEl å

?+
Ea-Pumpwithintheodontoblagte4ortt^¡oreas(]nËi{irgt,to

mai ntal n caI ci urrn homeostasi s wl thi n the cel I and secondl yt

to asslst in the extracellular mineralization of the dentin

matrlx. The Iatter måy be åccofnplished throLrgh the {orma-

tionofmatrixvesiclesincorporatfnqthiEenlyfnelegpeciaily

fn the formation o{ mantle dentin (Eranström 1984)'

otherauthorshavevolcedgimilartheoriesinvolvfng
2+ 2+

Hq-,Ea-ATPageg.LeBeIl(1981)thor-rghtthattheyplayed

å Eimilar role, that of intercellular fon transportu ln the
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cElIs of the hurrnan puIP. crenshaw and Taþ;ano (1982) algo
?+ i+

assoË i ated the M'¡ - u Ca -ATPase act i vi ty of secretory

arnel obl asts t^¡i th the transport of cal ci um i ons i nto the

matrix o{ the enamel. This view wås Ehared by Reith (1983)

who,inahighlyqr-totedpäper,{eltthatalkalinephoø-

phatases in general were involved in calclurn transport.

Recently" Takano et a1 (1986) presented additlonal evidence
?+ ?+

of the Mg -rca -ATPase actÍng åËi å calclUm purmp involved

wfth the matrfx vesicle-mediated rnineralization of dentln.

Dental PuIr

The dental pulp is å unlque tf esue, It is unlilte åny

other tisgue in the body in that ft ie encloEed within å

rigid cavfty o{ calcfffed tlsEue to t¡hich it contrlbuteg fn

its formation. The putp is clerived from the embryonlc

rnesenchymal portion of the tooth, the dental papilla'

Through a series of interactions with the celIs of the

epftheliat layerr o{ the develclpfng tooth, the celIe of the

dental papilla di1cferentlate into different cell typee! one

o{ whích gives rfse to the dentin that eventltally surrounds

the papflla. which is then termed the dental pulp (Ruch

1985),

Thedentalpurlpconçigtgo{twomajorcomponents:ä

cellular component and ån extracellular matrix, t¡Jfthin the

cellular cornponent åre rflåny dt+'ferent types o{ cells.
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The most di.stinctive of these celIeo the odontoblaetEt cån

be {ound along the periphery of the Fulpr ådjacent to the

predentfn layer. TheEe cells coneiet of two parte, the celI

body {outnd within the pulpu and the odontoblastlc procegst

found within the dentinal tubules. The celI body contalne å

basal.ly-located nucleus (towards the pulp), a well-developed

endoplasmfc retlculum ånd BoIgi complexu måny ribosome6

(aesociated with the reticulum), måny mitochondrlat a larqe

nurnber of secretory and coated veslcles and å highly devel-

oped microtubulår system, which extends the futl length of

the odontoblaetfc process aE welI. The odontoblaets aløo

have rnåny complex Junctionsr eËípecial ly where the process

and the cell body meet. A system o{ zonula occludenE and

zonurl a adherenE make urp the terrnl nal web, connecti ng aI 1 the

adjacent odontoblas,ts. These orr¡anelIes åre indicatlve of

the cel1e' functiono which is produtctfon and subsequent

calcificatlon of the dentinal matrix, More detaile regard-

inÐ the morphology and ultrastructltre o{ the odontoblastE

trån be obtained from Ten Cate (1985) and Garant ånd Cho

( 1?85) .

The most numerous ceII found In the dental Pulp ig the

fibroblag,t. These celIs can be {ound throughout the pulpt

concentrated in the cell-rich Ëubodontoblastic 3one and in

the apfcal portlon of the tooth" Morphologlcallyu theee

cellE åre similar to fibroblasts {ound in other connective

tissues of the body, However, in the continutously growfng



.t?

rodent i ncf sor, vårf ous stages nf f i brobL asti c di fferenti a-

t i on cån be sËen , Young cel I s, f outnd i n the growi ng or

apical encl o{ the tooth åre polygonal in shape, have IittIe

endoplasmlc reticulurrn, f ew ribosomes (mostly in f ree {orm) u

å pooriy-developed GoIçf comple>1, few ErnalI mitochondria and

few vesfcles, all characterietlc o{ immature, non-{unction-

fng cells (Han, Avery and HaIe 1965). Ae theEe cells åEEp

changes take place withfn them that reflect their changing

functfon (Eifinger L?TO; Baume 198O). The cells become

etellate in shape wlth måny cytoplasmic extenelc,nse develop

an extensive endoplasmfc retlculum whfch hae most of the

abundsnt ribosomee åsËlociated wfth lto ä weII-developed

Eotgf apparatus wfth åsËociated eecretory vesicleE ånd other

organellee (microtubuLeg, cilfa) whlch êre indicative o{ the

cellular secretory function. This involvee the inftÍaI

eecretlon of the ground substance o{ the pulpal rnatrix"

followed by the secretfon of collågen fibrfls (Eifinger

1?70¡ Baurme 19ËCl) . At the tl p of the pLrl P, 1n what i e

termed the inclsal end, the fibroblasts may be older and

non-furnctf oning. The cel lular organel les have regreesedn

and the celIs resemble the fmrnature fibroblasts (Hanr Avery

and Hale 19ó5¡ Harr{e and Eriffin Iq67). The Eolgi and

endoplasmic reticulum have dimirrf Ehed and few ribosomee or

veeicles åre present, The celle fnäy accumulate intra-

cellular flhres and pnsslbly denee bodies" but they (the
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cellË) have no proven {unction in the pulp (Harrfs and

Ër1{{in t967; Eifinger 1970; Baume 1980) '

A third cell typeu the undifferentiated mesenchymal

cell! cån aLgo be found throughout the pulp. Theee celle

act å5 rËtserve cells and have the abllfty to dL++erentiate

into fibroblaste or odontoblaEte to replace thoee celle that

are damaged clr have died. These celIE åre dlstfngulEhed by

their lack o{ granular endoplasmlc reticulum or free ribo-

BofnÊEo abundant cytoplasmic prÖcesseg and å Iarge, centrally-

placed nucleuso They may åppeår polyhedral or epindle

shaped, due to the plane of sectlon. The mesænchymal celle

are concentrated in the sLrbodontoblastic zone and around the

pulpal b!.ood vesselE (Harrie and Ëriff f n Lgâg¡ Baume 1?8O¡

Ten Cate 19Ë5).

The remaining cells found in the purlp åre those of the

vascul ar system (endothel i aI cel I g and perl cytes) r the

neural elements (nerve cells and schwann celle) and ceI1ø of

the defense system. The Iast groLrF lncludeE Iymphocytest

neutrophilso macrophages and rnast celleu u¡hich may all be

found 1n the pulps of heatthy lndÍvlduals. The main func-

tlon of these cells ie to digest cellutlar debris and protect

the putpaL cells aqainst in{ectlonEr EE. n carious bacterla.

Also, when needed, other defense cells sutch åB Plaøma cells

and actfvated lymphocytes may be found fn the pulp (Ten Eate

t?85; AverY 198å) "
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The cell-rÍch surbodontoblastic zonê merite a special

word on its cell types. Thie zclnê, preeent in br:th rodent

and human pulps, 1s rnacle up of å high densÍty o{ celle Just

prEXlmal to the odontoblastÍc cel1 bodies (Figure 1). The

cells +ound withln thfs zone Àre mainly flbroblaEts and

undifferentiated meeenchymal celIE along with the celle o{

the neural and vascular elements (Harris and 6riffin Lq6?'"

However, the {fbroblasts wlthin thie zone åre utniqute in that

they have features that are slmilar to those of odontoblagts'

As reported by Eif inger in 197c1, and reviewed by Baurne in

t9BO, these celIe have extensive rough endoplaemfc reticulum,

abundant EoIgf complexes and måny eecretory veslcles' They

di ffer {rom the odontobl asts i n thei r central t y-pI aced

nucleuts and ecattered organelleso but they also differ from

other pulp ffbroblastE in their Iocation. bipolar {usiform

rhape, and their speci{ic furnctfon, Theee cells åre thought

to produce high amounts of ground eubstance and collagen,

and also måy be involved in the productlon of von Horff

fibres (Baume 19EO). The production of these {ibree h¡ðE

oncE thought to contriburte to dentfn formatfon (Weidenreich

1?25; Lester and Foyd 1968; Moes Iq74) but thfs has recently

been dispurted (Ten cate et al t97O¡ Ten Cate 1?78). Also.

the cellg of this zone have the higheet AFase and
2+ 2+

Mg -rCa -ATPase actlvity (ag rnentioned earlier) r and the

highest dehydroçenåËe ænzyrne actÍvity (Gogginø and FuIImer

19åå, L9â7) of aLt pulpal ce]1e, Thie måy be årl indicatlort
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o.f the hiqh syrrthetic activit-y or the presumed transport

.f unction o.f these cel ts. As wel l , it has been postul'ated

il-rat the celIs o,f tl-re euboclontoblastic zonB måy help surpport

the odontobl asts metabr:I i caI t y (Got j åmånÕ5 19ó9b ) . Thi s

sone is also important in that ft is'frorn thiE pool that

replacement cells {or the odontoblasts arlse" Both the

fibroblasts ancl uncli'tferentiated meeenchymal ceIls åre

thourght to di+ferentiate lnto odontoblasts when neceËËåry

(TrowbricJge 1984; Yarnamura 1985) '

The geconcl major cornponent of the dental pulF is the

extracel Iular matrfx, It is produced måinIy by the odonto-

blastE and the {fbrobLasts, the celIs adapted for such

produrction and secretion. This matrix consiets of groutnd

EubståncÊ and collåËën {ibres. The groltnd substance is rnade

Lrp of fnany surbstånce5 including cclnnective tissue glycos-

aminogIycanso protecrç1ycans" çIycoproteins, and water'

LÍ pi cls aI so have recentl y been i clenti f i ecj 1n the matri x

(Linde 1?85b) , t^,lith rer¡ards to coI Iågeån" two types årÈt

{ournd in the purlp, Type III is the predominant forrn in the

developinq purIp, bt-rt the arnournt uf tyFe I collagen ÍncreaseËí

ås the purlp increases in åüe (Thesle{f et åI, t97q).

Elastin also is fournd in the pr-tlpn burt only in the walls o{

the putpal blond ve,seseIs. The trclrllponents of the mÈiltr-ix can

change Õver tírrre. The matrix of å yþL(nq pLrtp is cli++erent

{rorn that o+ ån olcler pttlp (Linde l9Bgh)' For å
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cofnprehensive revj.ew o.f the cornpnnents of the puIpaI mat¡lxu

see Bautme ( 19El(l ) and Lf nde ( I985b ) '

The purlpal response tO injutry or exposåure has been the

surb j ect o{ murch i nvesti qati on. Thi s ltni que proËÊss o{

repair has been characterirecJ by måny investigators. but the

general ËeqLtËnce o{ events has been åqreed Ltptrn' Nybclrç

( 1955 ) and Ferman and Massl er ( 1958 ) were the f i rst to stt-tdy

the dental pulp heal inq prËËËËrsËå5 in detai 1. upon inJutry to

the FuIp, vf a expclsLrrE (due to pulpotomy oF cavf ty prepårå-

tion) or infectlono å øequence e{ events takes place that is

simÍ1ar to other connective tiEsue healing proceËses, The

trattrna to the pr-rlp rnuet be su{{icfent to induce the repara-

tive process, A low Ievet stimulus wilI nc1t indutce healing

of the defect (Ëranath and Hagman I?TI) " The destructfon o{

odontoblaEtso either by t-he cavity preparatlon or by the

perlpal capplng aqent leavesi Ët layer o{ necrotlc debris on

the slrrf ace of the expoeed pr-tlp. Thi g i s f ol l ot'red by ån

inf lutx of inflammatory celIs to hetp clear the debr'1E and

protect aqainst in{ection. This is Eirnilar tcl the in{Iamrna-

tory reacti on that normal I y accornpani es wound heal i ng. The

rnigratlon and proli'feratir:n of pulpa1 cellls is the next

stage. These celIs, iderrLif ied åË purlpal f ibroblastst

r,rndif{erentiatecl mesenchyma} cells and endothellal ceLls

(Fítrgerald t97g; Yamamrrra 19Ë5) migrate from the subodonto-

blastic xolre (i{ r-tnclarnaged) and the pr-rIp proper' Yamamutra

( 1985) bel i eves that the { f brobl asts and endothel i ai cel I s
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LrnclerBö cledf {ferentiation t6 meeenchymal ceIIs during thf s

m{çration, Theee cel IE then prol i{erate and dif,farentlate

under an urnknown inf Iurence into celle capable of matrix

production, Fltzgerald (tq7q) betleves that {lbroblasts arE

the mai n rep I acement cel I s 'f or the odontob I aets. Thege

newly di{{erentfated" odontoblast-Like ceIle åre then

responsl bl e .f or the f ormati on of a { i brous, i rregul ar

dentlnal matrll<. This matri>1, characterlzed by å Iack of

tubules, å decreased deneity, and måny cellular inclusfons

has been termed oeteodentin (Takuma et aI 1?6Ë¡ Yamamura

l9B5), This "Bcår tlEBLte", å5 schröder (19Ë5) termed it'

protecte the purlp from {urther irrftatfon and deetruction"

This 1e followed by the formatlon of regular tubular dentln

hy newly di{{erentiated odontoblaçte. Thie entire procesË

takes about 28 days to complete (Eerman and llaseler 1955¡

Yamamurra 1985) r althourgh Ionger tlmes (presumably for

cellular renewal) have been reported (SchrÈider 1985)' The

stfmulrie for the ce1tutlar reactfon (di+ferentiation o{ celle

into odontoblaEts) f s uncertaln burt a nutmber of lnducers

have been propoeed (Baume 198Oi Yamamutra 1985) '

The abnormal productfon o{ asteodentin in the dental

Fulp, i, Ë. , withor-rt previor-te tf esue inJuryu has been Been

with the aclministration of various chemotherapeutlc agents"

VinblastÍne (Mtkh:elsen 1"97Ë) " vlncristine (stene tqTqp stene

andl(oppançf?Bo)'cyclophosphamfde(t(oppangIgTBpl9Bt)and

col chi ci ne (Nogurei ra et. aI l9Ell ) lrave a1 I been showr¡ tct
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caLrse osteodentln formation in rat inciEors. Karlmu ln å

5erie5 of påpers (1984F 1985e 199ó)r has reported that the

åntibiotlc Adrlamycln (doxorubicln hydrochloride) also

cåLtBeEi oçteodentin formatfon in the incieore of rats' This

phÊnomenon haE aI60 been conflrmed by DahI in a øeparate

geries o{ påperB (1?E4r 1?85). Thís drug, used clfnically

ats an anti neopl astl c ågent (tdang et aI tqTI ¡ BonadÕnna et aI

Lg73), both alone and in cEnJunction with other cherno-

theraputlcs (Sutow 1?75) r has been demongtrated as having

sl gnl f i cant ef f ecte uPon the Ekel' etal E¡yËternt the cardi o-

vascular eyetem (Young 1975)r the bone fnårrc,h, (FhiIips et aI

L97ãl I the urlnåry syatem (olson et al L974r e and the

peripheral nervous system (Ëho L977', It hae aleo been

foutnd to be teratogenic when admlnfstered to pregnant ratE

crn days 6 to 15 o1c gestation (Thompson Êt aI L97Br.

Experimentg have shown that on the day {oIlowing

admtnfstration of the drug, a Ieeion of necrotic celIs

åppears (Karim 1985e) that extendc for about 2'? mm into the

aplcal end of the incfsor pulp (Karlm and Pylypas 1985),

The pulp ce1Is affected wÊre the preodontoblasts and thelr

precursorsc cellE that måy be found in the subodontoblastic

zone of the aplcal end of the putp (Karlm 1?B5a¡ DahI and

Hoppang 1?85)" CeIle that had matured to the point of

inftial dentinal secretíon (mantle dentfn) wEre insensitive

to the drurg'g effects (Karim 19854; DahI and Koppang 1985),

Three days a{ter adriamycin injectiono pulP mesenchyrnal
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celIs r¡JËre seen to açgregate neår the site o{ aubsequtent

osteodentln forrnation, Just incisal to the årÊå o{ the

lesion. These celle also were seen to have dffferentiated

tnto odontoblast*t i ke cel 1s, capable of secreting the

osteodentin rnatrix, which appeared between daye 3 and 7s

post-inJectf on (Karim 1995b) " Ultrastructutral observations

of the matrix showed that it waÊ å collagenoug matrix that

was slmflar in some respects to that o{ predentin and dentin

(Karfm 1985b). uslng radloautographY¡ Karim and Pylypas

(198å) demonEtrated that a component o{ thits coI1ågËnouEl

måtrix w&@ fndøed øyntheølxed by thaEø abnormally differen-
3

tiated cells. The H-IabeIled prollne waE eleen over the

cells at ã minutes after injectfon and ovÊr the matrix at åE

littte ås I hour after inJectlon, The oeteodentin formatlono

which beglns at the periphery and contÍnues towards the

center o{ the pulp, has been EeÊn to occtude the entire putlp

chamber in some regions of the tooth (Karfm and Eddy 1984),

other e{{ecte of adriamycln upÕn the rat lncfeor include

reduced dentin formation by the c¡dontoblaste (DahI 1984;

Dahl and Koppang 1?85), abnormal dentfn formatlonr and å

failure of the closure of the apical foramen (Harlmr unpub-

I iehed reEults) .
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The present etudy wås undertaken to exarnine the AFase
?+ 2+

andPlg-,Ca-ATPageactivityofthecellsoftherat

incisor purlp prfor to and fol Iowing the administration of

Adriamycin, and to determine what relationshfp, if ånYr

exigts between the preeence of the enzyfnËs and the d{ffËren-

tiatlon of pulp cellE lnto odontoblast-like cel1s,
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MATERIALs AND MFTHCILä

AnimËIs

AIl animals ursed in this sturdy were obtained {rom the

Dental Animal Ëare facility, where they were also housed and

cared.for dutring the sturdy period. A total of 54 yoLtne (10

days otcl) male Sprague-Dawley rats (3o t s g) were uEed"

They wer€ divided fnto 5 groupEi, Eroup A conelsted o{ 4

rats that were used to study normal putP morphology" Broup

F conefeted of B rate ursed to study the normal alkalfne

phoephataee activfty in untreated pulp tieaue. Broupe C and

D consieted of 1å and 3 rats respectfvely, and they were

used to etudy the aIkallne phosphataee actlvity of

Adriamycfn-treated pulps, Eìroup Er whfch coneiEted of 3

anlmale, was al.so utged to sturdy the alkaline phosphataee

activlty of Adriåmycin-treated pulps, but employed å

di+ferent method than that of groups Ê and D'

In-iection of Anlmals

Eroune A and B: The animals wÊre sham injected with o,1

Ëtr of physiologlcal saline Ëo aË to study the normal PulP

morphol ogy and norrnal Ënu yrne act i vi ty of the pul P , and to

determine whether åny subsequent changee could be due to the

traltrna of inJectlon.

Brquo c.: The rats were sltbcurtaneoutsly inJected with

Adriamycin (Adria Laboratories of canadar Ltd") at å doee of
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5.O mg/l{g. T'his has beert shown to ba å dose consletent wlth

osteodentin produrctlon in the pltlp (Karim 1?85¡ Karirn and

Fylypas 198ó). Surbgroupe o{ é rate each wÊrÊ såcri{iced 3

and 5 daye a{ter administration of the drutg. In the 7 daye

after administratfon subgroup 2 animals died prematutrely due

to undeterrnined cåLr5e5; thuts only 4 animals in thiE ÊroLtp

h,ere såcrlf iced.

GroJJpçDflrdE:Theanimalsweretreatedinthegame

månner ås those fn grouP E except aII of them h,ere gacri-

ffced 7 days after Adriarnycln administratfono a period

consistent with advanced qsteodentin production (Karlm and

Pylypas 1?Bå).

Perf qsi on P.f ArULmÅIE

Ferfusions of aIt the animalE] weFe done uefng the

formaldehyde solution (Appendfx) described by 6ranetröm et

aI (I978) ae being optimal for the preøervatic¡n o{ alkallne

phosphatase actlvtty. The rats h¡Ere anesthetfzed by ether

inhalatfon and perfuçed through the Ie{t ventrlcle for 15-20

mi nuttes utsi ng the f ormal dehyde eol ut i on . The j åwËi werËr

dlssected out of the rat and immersed in the perfueion

solutfon for ån additional fjZ hours. The total number of

teeth tn Ërclups F and c were divfded and onÊ half put into

ån EDTA solurtion {or decalcificatlon. A1 I o{ the teeth in

Ëroup E aI so were demi neral f z ed . The pul ps of the rernai. nl ng

íncisorc of each groLrp were dleeected outt and waehed ilr
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o.15 M cacodylate buffer (pH 7.?' overniqht. These pulps

wEre then cutt i nto 1 mm-th i c þ; Ër(f Bs-Eect i onal øeçmente and

5eFårated accordinq to location (apÍcaI. mlddle and incisal )

wi thi n the i ncf sc¡r,

Decalci{icatfon

The fncisors o{ groLrFË Br Co and E to be decalci{led

werË rineed with cacodylate buf{er and placed in a 47' EDTA

o
Eolutf on (Appendf x ) at 4 Ë with continutoute stirrlng f or a

period of one week. The eolution hrås changed every ? days

durring thie perlod. The material wå5 subsequtently rinsed in

cacodylate buffer and cut into I mm-thlck cros5-sectional

Feqments. These pfeces uJerË separated according to location

(apicalu middle and incfsal) within the inci6crrr ånd those

o{ qroLtp:¡ B and Ë h¡êre placed 1n å (1.1 I'l MgCi -Trig-Maleate
E?

solutlon (pH 7"4) at 4 C {or two hours in order to reacti-

vate the alkatine phoøphatase enzyme (Orams and Snlbson

1982). The pieces fn çroLrp EF processed according to the

method of Takano et aI (198å) were not reactivated following

decalcf{ication. Prlor to lncubation. al t of the decalci{ied

material was washed fn cacodylate buffer'

I ncurbat i on

Ërpup A: The PutlPs

i n order to Process and

sy,

were not i ncltbated i n any sol t-tti on.

study them for normal pulp morpholo-
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@: The rnater i aI ( pul ps and decal c i f i ed

segments) wå5 Ëepårated Ínto 4 Brclups, and treated fn the

{ oI l owi ng månner !

1) incurbated in a medf um deecribed by Gìranetröm et

aI (1978) (Appendix) '
É

2)heatedinbu{ferat36cforlSrnlnuteeto

fnactivate the enzyme and fncutbated in a medium eimilar to

1) but not containÍng the substratei ATP'

3) fncubated fn a mediurn simllar to 1) but also

contai nf ng 0. 1 mf"l I evaml sol e (AI dri ch Ehemi cal Co, ) ¡ åñ

tnhfbltor of non-speciffc alkallne phosphataee (AFaEe).

4, lncubated in å medfum gfmilar to 1) but also

containing O.1 ml"l ouabain (Siqma themical Ëo, ). ån inhlbf tor
++

o{ sodluñ-r potaesium-adenneine triphosphatase (Na -u}i

ATFase).

The pulps and decalcified sections werË incutbated separately

burt f or the såfne time perlods of 1O, 20 and 30 rnf nutes at
(]

rcrom temperature (20 C).

Gr:frr-rp D¡ The material (pulp sections) wa5 also treated

in the såme fnånnËr ås qroupË B and n, but for tlrne perfodø
E

of 30 and 60 minutes at roorn temperature (?0 C) '

G:suB El The tissureE Here treated simi Iarly to thoee irt

ÉroupË Bo Eo and D, but utsing di{ferent incubation EoIutionE

åË descrf bed by Tal.:ano et al ( 198é) (Appendíx ) ' They werÊ

cJivided into 4 groups and treated as folIows¡
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1) incubated in the above mentioned medium'
o

2)heatedlncaccrdylatebufferat56CforlS

mi nurtes to i nactÍ vate the aI kaI i ne phoephatase and I ncrtbated

in a mediurn similar to 1) butt not containÍnç ATF'

3) incubated in a mediltm simllar to 1) bt-tt also

contai n i ng O' 1 ml'l I evami sol e,

4) incubated in å mediutm slmilar to 1) but also

contafning 0.25 mM ouabafn'

This materlal wås incubated for periods o{ 3O and 5O minuteç
o

at 37 C.

After fncubationu aI1 tiesue was washed wlth cacodylate

buffer and proceseed'

For å summðry of this øection, see Table 1o

FrocesEi no

AIi tiesue samples (groutps A-E) were proceseed in å

si mf I ar månner.

The washed ËåfnF1es were post-{ixed in 27. aqueous osmlutm

tetroxide solution (Appendix) at room temperature (?0 E) for

I hour.

The post-f i ¡l ed rnater i al wåË dehytJrated i n graded

concentrations of åqueoLrs acetone ås follows¡

Acetone concentration

3tö'I
507.
70v.
BO'l
qL1'l

1()O7.

Ti me

5 min. (1 change)
5 min. (1 change)
5 mi n. ( I change)
5 mi n, ( 1 change )

5 mln, (1 change)
5 min. each (3 changes)
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After the 4inal chanqe in plrre acetone. the samples

were placed in å 3;1 acetone_Epon mixtltre (Appendi:<) to

initiate the fn{lltration procÊs5, The foliowing schedule

wås employedl

Acetone; Epon

3: l
l¡ 1

1;3
Epon onlY
Fresh Epon

Ti me

12 hours
?.4 hours
LZ hours
tZ houtrs
4 hours

The tfssue was embedded in å freshly made Epon rnixtutre'

Beem capsules wEre partially filled wíth Epon, and the

cectf ons' (one per capsutle) were orf ented sutch that the cutt

croËE-Eectloned eurfåce wåts faclnq the bottom o{ the cåp-

sule. The capsules wÊrÊ fitled with Epon and then placed in
cl

a 6O Ë oven for 2-3 days for polymerization'

Sectionlno

BlockE were taken at random from each of the groups,

The blocks were trf mrned, and å series of ultrathin sectione

(pale ço1d interferÉnce color) front each block were cut on å

Reichert ol'1 u3 ultramicrotome using å glass knif e or å

diamond kni{e ({or Lrndecalcif ied sections). These sections

were placed cln uncoated Socl mesh tropper grlds f c¡r obgerva-

tlon.
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S!-aInJ¡-q.

some o{ the qrids prepared Nere contrast stained utsfng

LrrånyI acetate (Appendi>r) and Iead citrate (Appendfx)

solr-rtions.

Ur.rnYt Êc$tatF

The solurticln wag drawn frorn midway in the bottlæ (to

avoid prêcipitate) and filtered dfrectly on to a waxed

stafning pIate. The grlds wEre placed section-eide down

Lrpon the surface of the drops for 1o minutee, After staln-

1nË, the grlde þ{Ere washed in a etrearn o{ distllled water

and then rinsed uslng etraight Ltp and down movements in s

chançee of disttlled water. They were dried on {ilter

påpËr,

Leed*!l-tr-a!-e.

The solution was filtered and dropped dlrectly on the

stainfng plateu whfch rr,,åEi in ån atmosphere of sodium hydro>l-

lde to avoid preclpitation. The previously UA-staíned grids

u,,ere ptaced section-side clown upon the drops for 15 minutes.

They were washedo rlnsed and dried a6 described above,

EI eËtron Mi croscoov

ObservatlonE (on both stained and Ltnstained grids) were

made on å Hítachí HU-12 electron mfcroscope operated at 73

kv.
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Surmmary of the media and times from the Incurbation portlon
of Materi aI E and I'lethodE.
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A cllagram demonstratlng the lOcation o{ somE of the

celIs ancj the relevant features of the PuIF o{ the rat

incisor discltssed bel'ow cån be seen fn Figr-tre 1'

Normal F$I p Ilor.phol or¡v- ( Group A )

Purlp ceLls Were more nufngrctLtË in the apical end o{ the

pulF and became Iess numerous towards the incisal end" A

ËorreËponding increase in the nutmber and den*ity of f ibroLts

material fn the matrix towards the incieal end wå5 als,o

sieen. Undl f {erenti ated mesenchymal ce1 I s were seen throutgh-

out the Fulp butt wËre fnore comfnon in the subodontoblastic

zone. These polyhedral-shaped cellE werë characterized by

the absence o{ granular endoplaErnic reticulum ånd lack of

free riboEomes 1n the cytoplaçm. Few mftochondria wÊre

present and Eomf¡ vesicles were seenr but no other organelles

þJËre {outnd. Bl ood vessel s (made Ltp of endothel i al cel l e)

were also founcl thrpughor-tt the PuIp, but thege wiII be

describetl beIow. Odontoblasts were Eeen in al l sectlons bltt

ðre not cJescribed in detail, since this has been welI

docutrnented by other investigators (Garant and Cho 1985¡

HoI l anrl 1?85; Ten Cate 1985) ,



30.

âPi cSI

The pnl p cel l s Í n the api cal end nf the i nci sr¡rs wÊre

very nLrfneroLrs, They were routnded to polygonal in shape and

possessed few organel 1es. Little qranltlar endoplasmic

reticulum (ER) [:r-rt måny Ioose ribosomes 1n the form of

roeetteË¡ weFe Ëieen. Good pro{ i L eE of Ëol gi apparatlts were

present, and some vesicles wêre åssclcfated with them'

l"lembraned muLtivesfcular bodies (MVBs) were {outnd within

sofne cells but Were not common" Mitochondria were preeent

but wÊrE few ln number. Those that were obçerved were

srnall, wlth poorly developed cristae. CiIfa and centrioleg

were f n sËrne ceLls' but also were not comrnon' GtyËogen

granlrles were present in many of these ceI1s. The cytoplasm

o{ the cel L e wåE¡ otherr'¡i se empty-l ooki ng. The nucl eus wås

I arge and çeneral I y Ëontai ned onI y one nucl eol us. The

puIpaI matrix wåts also Ltnremårh:ableo containing only etrande

of å {Íne arnorphous materlal and few f ibrile scattered

between the cells (FÍgutre 2).

Mfdclle

The cells in the mf ddle of the purlp wÉre fnorË matutre

and resembled {utnctÍoning secretory {ibroblasts (Ff gure 3,

4). They wËre polyploid in shape and poasessecl cel1ltlar

e>ttenEions. The celIs also contained morË organelles.

Extensi ve granltl ar ER wåË ËeËn, arrcl rnåny p{ these prof i I es

werË diIatecj. The nutrnber- of vesicles åg:ãociated with the
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tìoI gi apparatus wås, l ncreased ¡ åñd MVFs þJËre fnclre common '

Eoated vesicles were also present f n fnåny Ëel lts" l'1 itochon*

dria werË increeeed in both number ånd sile' most havinc¡

r^le1 I -devel oped cr-i stae. They aI so contai ned rnatrí >l granul es

in åEsociation with these cristae. A micro{ilament networl::

had devel oped wi thi n ËÕme o{ the cel I s, and centri oI es and

cl1ia were observedn occasionally in the såfne cel.I. Ag

welI, dense bodies were found in the cells" eÉpecial1y those

Iocated closer to the lncfsal end, The nucleuts wås smaller

in relation to the whole celI sfee and encloeed in å well-

developed, doutble-membraned nuclear envelope wf th ribogomes

along the outer rnembrane. Cetl-to-celI Jurnctf one¡ ÊspecÍaIly

dËsrnogomes. werË seen between adjacent cells, An interesting

observatfon wå5 that tno dffferent typee of purlpal cells

were present. There werË Ëclrne that had nLlmeroLts pro{ilee o{

granurl ar ER and å wel l -cjevel oped secretory apparatus (Fi gure

S)o and there werÉ others that contained redltced granular ER

but rnåny pro{fles of ËoIgi apparatus and vesicular bodieg

(Fi gure 4) . The f orrner cel I Ei hrere åËEoci ated wi th the

fibrous materials af the matrirt. Some of the fibt''lls were

seen attached and passing into these celts (Figurre 3) ' The

Iatter tyPe of celIs wËre not åsËcrciated wfth these fibrils

(Ffglrre 4). However, the amoutnt r¡{ amorphouts rnaterlal {ound

in the puIpaI matrix hatJ also increased. The rnatrix con-

tained rnpre cltt profi,tes o{ celIE and ce1lutlar extensione'
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Incisal

The purlpal cells 1n the incisal end o{ the incisor were

much the såfne ås those in the micjdle section. They had

egEentially the såfne featctres (granltlar ERu GoIgi apparatuts.

vesicles, mitochondria, etc. ) and characterlstlce ås' those

mentloned above (Figures 3r 4). The two different ceI1

,,subtypes " were åI 5o seen : those wi th mLtch granul ar ER r and

thoee with decreased ER but fncreaEed 6oIgi and veeicular

proflleE" AII of the celIE showed sofne mlcrof f IamentoLts

øtructure wfthin the cytoPlasm. Coated vesiË1eB were

encountered 1n fnore celIs, esPecially those contaf ning måny

vesicutlar bodies. Deemosomes wËre agafn present between

adjacent celIs. Rarelyo cel!,s having few or poorly devel-

oped organel 1eø antl ån i ncreaEed nltmber o{ mf cro{ i I arnente

and dense bodies were seen. The granular ER Wås reduced'

and few roeettes were present, The ËoIgf apparatlts was

reduced in size. and there were {ew vesfËuIar structures

present. The nltmber of mltochondria wå5 redutced, and those

seen had smalI criEtae. The celI size wå5 smaller than

other purlpal cel1s. and the ceLl shape wåEi more oval " u¡ith

{ewer extensions. The matrix of the incisal pulp wå5 quite

f ibrillaro and contained vast amoutnts of {ine amorphouts

material, usually seen in clumps. The cells having numeroLtE

prof i I es o{ granutl ar ER wÊrp agaf n åsçloc i ated t^¿i th these

'fibriIs, either througlr their close Froximity or actltal

contact wi th thei r mfåfnbråneg. Some f i br i 1s were Ëeen to
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på5,Ë irrt,o cel1ç and continue within the cytoplastn, A {æw

cells had the ffbrils sequestered in their cytoplasm (Figutre

Ê\

Throurghot-tt a1 1 åreäe, of the purl p, ceI 1s I ocated i n the

gubodontoblaEtic (SO) zEne h,ere different from other ceIIe

of the pLtlp. Undifferentiated meaenchymal celle foutnd in

this zone werê the 3äme ås, those found {n åny årËa o.F the

pr-r1p, burt the purlpal ffbroblasts werE {urrther díf+erentiated

than pulpåI fibroblasts {ound elsewhere in the pulp. They

wËre Eofneh¡hät polarized. havlnç their nutcleue fn one end of

the celI. They also appeared to contain greater quantities

o{ dllated €rånulår ER, coated veeiclÉE{ änd måtLtre mitochon-

dri a. The Eol gi and vesl cul ar prof i I es were si mi I ar to

other purlp cell.sn and there wÊrE MVBE present in the cyto-

pIasm. Other organelles werÊ similar to those seen fn the

cells of the middle third of the purlp' Nutrnerot-ts cellrtlar

extensfons were Ëeen, and theee Were o{ten in contact with

the f i bri 1s or arnorphours materi al of the sutrroltndi ng matri x.

which also contained 6ome cross-banded collåEen fibres werÊ

present, Así welI. the concentratfon of cells wäE always

lrigher in the 6O zone than in the rest of the pulp'

Blood vessels seen in the plrlp and the s0 lone HErt?

I i l.<e thoEe ËêËn i n other connect-f ve ti esuee (Fl gures 19-22) ,

Aii o{ the vesqels seen in these plrlps consiEted of Ërclss-

EectionE of two to three endothelÍal celIs connected to each

other via cellurlar Jr-rnctlþns. Organelles r:f the cellB
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(granular- ER, GoIçf apparatus. mitoclrondria" etc. ) were

present" ånd Eorne pinocytotic clr endocytotic vesf cles were

seen neår the lurminal surfåce. Few structures were seën in

the lurmf nal ËpacË" ånd utndif f erentiated rnesenchymal cel ls or

pericytes were sornetimes åssÐciated wlth the periphery o{

the b.I ood vegsel s.

The sections in group B Nere incubated for times of lot

?0, and 30 minutes. The reaction appeared ä5 å dark preËipi-

tate, As the time o{ incubatfon increasedr there was a

concomitant fncrease in reaction intensity, A wíde range of

reaction intensities wås observed ås di++erent sections from

the Éåfne bIocl.: were exarnÍned, i.e.,. those sectf one f rom the

sur{ace of the bloc}l had å more dfstinct and intense reåc-

tlon than those frgm deeper areåE in the safne block, The

demineral ized (EDTA-treated) material exhÍbfted a somewhat

leea fntenee reaction, Êven with the lonqeet incutbation

time, in cornpårison to the undemineralized mate¡iaI. In

s,ofne denrlneral.fzed sectionsr ño reactlon wes seen. Only the

mature puIpaI f lbroblasts and tl-re endothelial cells o{ the

blootl veEeels in åny o{ the three regions o{ the pulp

exhibited enzyfne activity. The immature'fibroblasts and the

undi,f{erentfated rnesenchymal cells had no reaction å55c1Ëiated

with them¡ reÈardless of the region o'f the pLtlP 1n which

they wËre l ocated . There{ ore, t,he enu yrnË act i vl ty wås most
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evi dent i n the {rtncti oni nç purl pal f i brobl astso I ocated

primåriIy in the middle" apical" anrl so:(rnËs o{ the putlp,

The fibroblaEts of the SO zone exhibitsrd the most intense

react i ons " ånd { orm the br-t1 k o{ the obçiervat i ons noted

below. The components of the pulpal matrix exhibited no

reaction in åny o{ the sections, regardless of the purlpal

reE i cln clr the i ncurbat i on rned Í um.

The eections from the blocks Íncurbated in medium I

showed a variety of reactions. As wå5 mentioned abover the

!. onger the per I od of l ncutbat i on , the greater the i ntensi ty

of reactlon. The cornponents of the cell secretory pðthwåy

erthf bi ted the greatest enzyfnÊ actí vi ty. The granul ar ER was

rnost evfdent in the cells, especially in the non-contrast

Etalned sections (Fígutres åo 7r 11). The next most evident

site of reactivlty wås Eeen in åssoËiation with the vesicutlar

çtrr-rctutres. Most r¡f the reaction wåÊ ËËen along their

membranes and rarely within the vesicles (Ffçutree 6r 7-q).

Ëoated veEicles and l'lVErs also exhibited sofne reaction, açain

mai nI y al ong the mernbranes (Fi gures 6, I I ) . The EoI gf

apparatr-ts showed vÊry little reactlon.. even when seen at

hi çh fnågni f i catf on (Fi gr-rres 6, 1Ob ) . Contrast-stai ned

secti onç camolr{ 1açed åny enryfne acti vi ty Ei tes, and no

tronclusive observations could be marJe (Fígure 1CIa) " On the

other l-randu utnstained sectir:ns demclnstrated the lacl'i of

enEyme acti vi ty :¡i tee qui te readi I y (Ff çurres óo 7 | 11) .

Mitschondrf a exhiblted Eiofnp ¡eaction alonç the outter
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fnernbrånes åncl the cri stae. Thi s t/'rå5 most evi dent at I onqer

incubation tímes (Figutres 6o 11, 1?)" The nltclelts and

cytoplasm rarely showed sporadic¡ scattered precipitater but

it wå5 not concentrated in åny one årËå and ís probably dlte

to å slight background reaction. FfnalIy. cell membranes

(Fi qures 9, t 1) and rnernbraned strurctures resembl ing empty

cel I r-tI ar extensi ons (Fi gure 12) dernonEtrated some reacti on '

In the secti ons that þJere heat-l nacti vated and l ncurbated

in medium 2r very little or no ensyme activity was observed.

only in the tlssues incubated for 30 minutes wå5 åny reac-

tton Eeeno and this was a very weak one along the granutlar

ER. No other organelle= of any cellø exhfbfted å reactfonu

and none was present i n the putl pal matrl x (Fi çurre 13) ,

The materfal that waË fncubated in the medfurn contain-

in,l the levamisole (medium 3) exhibited å fnorË specific

enzyme actf vf ty than that of rnediutm 1. Very little reaction

h¡äs äsEuËi ated wi th the purl pal cel I s or thei r organel l es'

The reaction along the granutlar ER wås redutced and againr ncl

react I on wa5 seen cln the EoI g i saccul es ( Ff gures 15 r 17 ) "

The react i on å55Fc i ated t^li th the m1 tochclndr I a was aI so

reduced. sorne of the vesiclesu espêciaI1y the uncoaLed

ont3Ë, exhibited reactivity (Figutre* 14n 1óo t7). l'4r-tIti-

vesicurlar bodies and coated veslcIeE onIy had occaelonal

react i on deposf ts ( Fi çlrres 14|0 16 ) . Even at scr mÍ nuttes

incurbation tfme. the reÀction in åçisociation with vesicular

corilponents was sl f ght.
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Incurbation o'f sectlons in the preç5ence of outabain

( medi um 4 ) yi el rJetJ resurl ts si mi I ar- to thoEe st=en i n sect i ons

i nclrbated i n medi utm 1. Reacti ons wëre Ë€erl al ong the

granurl ar ER, the vesi c I eç o and the MVBs, butt ncl react f on was

seen ín åsËociatlon with the Golgi apparatus or the rnitochon-

drl a .of the putl pal cel l s. The grånul år ERo the vesi cI eso

ånd MVBs also demonstråted reåËtion prÊcipftate withfn the

50 ffbrob!.astso bt-tt ä9å1nr no reactlon h,ås seen ín aegocia-

tion with the 6olgi apparatus or the mitochondria clf these

cel 1E (Fi gutre 18) " In f act ¡ ñQ mi tochondri aI reacti on wåE

seen in ånY cells of the PulP"

The endotheLfal celIs o{ the blood vFEseIs foutnd 1n the

pulp also exhibited alkalfne phosphåtaBÊ activity. The

actf vity wåEi qLtite evident in sections íncurbated in medium

I . The vesi c I es l ocated aI ong the I utmi naI and ab I utrni nal

rnernbranes showed tl-re most intense reaction (Figures t?-2f ) '

The cel I ul år rnembranee al, eo showed sclrlle react i vi ty i espe-

cial Iy alonq the luminal surfåce5 (Figutres 19, ?1 ) . CIther

organelles e:<hibiting reaction were the granltlar ER and the

few rnitochondria found in the cytoplasm (Figutre 21). No

act I vi ty wås ås'soc i ated wi th the endothet i aI cel I 5 s,een i n

sections that Nere heat-treated and incutbated frl medium 2'

Few blood vessels were observed 1n the sections incutbated in

the FrÉsíerìtre of levamisole (medium 3) " burt those seen

æxhibitecl slight r-EåctÍonE only alonç the grånLtIår ER and

rnitochorrdria of the endothelial cË115, The eiections
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incubated in medium 4 again contained {ew blosd vesËeIs. butt

the reåcti ons åBsoci ated wi th the endothel i aI treI I orgåneI I es

( ceI 1 metnbranes, VeËi cutl ar strlrctutreE¡. and ËrånLtI år ER ) h'Ëre

ås i ntense as those observecl i n medi t-tm 1-i ncubated secti ons.

The reåctivity ãssociated with the rnitochondriao however waÉ

completely absent tn the FrËsence of ouabain'

E{{ect oS Adriåmvcin on LuLln (6ror-tps C. D. angl, E)

The adminlstration of Adriamycin caueed abnormal ities

similar to thoeE 5eËn by llarim (1984, 1985a) and DahI

(1984). Three days after treatment, changee were Eeen only

in the apical end of the pu]p. Necrotfc cells were foutnd

aIong the Iabiat side of thfs region, butt few defense cells

were present. Thpse obeerved werËl generally perlpheral

blood grånLtIocytes, Just incisal to this äreår å change in

the cells of the peripheral purlp" incturdinq those of the S0

zËnÊ, hrås notlced. The cella werÊ enlarged. and the cell

density was higher than in the control purlps" The celIs

were sÍmiIar to SO fibroblastsu butt changes 1n the cellular

shape and organelles were Eeen. The {ree ribosomes had

i ncreased 1n nurnbe¡ r åÉ hacj the amoutnt of granutl ar ER' The

nlrrnber of vesicleE in the cells had increaged. and the

nurnber of mitochondria present wås also hfqher, The celIs

took on ån elongated shape wtth the nutcleus dfsplaced to one

end, and cytoplasmic extensions harl developed (Figure 23) '

These celIE resembled early odontoblaets and wEre termed
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odontobl ast-I i ke cæ1 I s, si rni I ar to those descri bed by Hari m

(1984, 1985a), In addition to these t:ells. å few dying or

deçeneratf nç ce} L s havi ng I arge vacuol es i n the cytopl asm

were s,een . The matr i x sltrrolrnd i ng these odontob I ast-I i ke

celIs waË unlike the normal matrlx seen in thie zone" Large

arnoutnts of f lne amorphoute materiaIn microfi1aments¡ and

4ibri Is were observed in a5sociatlon with these ceLls

(Figuree !;â, ?B), AIsou colLagen fibres exhibltinç crosÉt-

banding ùÀrerÊ seen (Figures 25' 26, 28). Much of the fibrll-

I ar materl al wåç¡ mernbrane-bournd wi thi n and i n cl oae approx i -

mation to cut celLular proflles or extensionE (Figures 26n

2B). The arrangernent of thle matrix wåE quite irregutlar"

with colIåqén fibres and {fbrils crossing eåËh other without

åny apparent pättErn or aI Í gnment. liari rn ( 19Ë5a) has

previ ousl y cat I ed thf s åreå the si te of i ni ti ati on of

osteodentfn formation. No crystalline materiaL wåEi observed

and no evfdence of mineralization wås found in åny of the

sectÍons containing thfs {ibrillar-ceLlurlar årrängement. As

welI. matrfx vesicles c6mmonly åËsclcfated with inÍtiaI hard

tisEue formatfon were not 5eÉn in any o{ theEe sections'

Flve days following the drug treatment, the number of

næcrotic ceI1çr wå5 lesci and no defense cplts t/,,ere foutnd f n

the puip. The osteodentin deposit was again Iocated in the

apfcal portion (labiai side) o{ the purIp.. and wås increased

in sf ze. The rnatrf x now wås mclre f ibrous and Iess f íbriIIar,

with the coltåËi:n {fbres seen in trross, Öbliqurer and
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Iongitudinal s,ection (Figure 32), It consisted of 2 åreå5;

å dense central portion containinç the irregularly arranged

col I åËen { i bres, ånd a l ess dense outter porti on cclntåi ni ng

irreqularly arranged f ibrils t4ith some {f brous måteriål

present, These two layers resembled the dentinal and

predentinal matrfcesr Fe5pectiveIy. but the osteodentin wåsi

atubular ånd not åF dense ås dentln Ànd predentin" Both o{

these ob5ervåtions årÊ similar to those måde by lriarÍm

( 1985a) . In the undÊmi nerå1 i u ed secti onsr årËåË ct+ mf neral -

i z at I on of the dense central matr i >l h,ere seen . Thege

rnlneralized portions algo åppgäred to be less dense than

those of normal circutmpulpal dentin. As well, some s,ections

o{ the crystals that make urp this matrix were observed.

These crystal. s resembl ecJ l ong, thf n rectangl eø that di d not

twf st aboutt thef r I nng ax i s. They too were i rregutl ar i n

årrånçement, with sofne vlsfble overlap occurrfng between

adj acant rectanç1ee (Fi r¡urre 31 ) . Many odontobl aEt-1 1þ;e

celIB were åssoctated wfth osteodentln, either wlthfn

(surroutnded by the f ibrous rnatrix) 6r cln the periphery of

the deposi ts (Fl gures 33, 34) . These cel I s werÊ sf rnf I ar to

those seen 1n the 3 day sectlons. except they were more

devel opecl and I ooþ;ed fnore 1i t<e rnature secretory ceI I s" They

hat3 more prof iles of granular ER and veEicutlar strutctltreet

inclrrding evidence of secretion çranutles in the cytoplasrn

(Figurre 55) I burt they wëre not å5 pr:larf red or compartmen-

tal t ¡ed åË odontobl asts. However, they df d have å nutrnber of
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cytoplasmlc extensÍonE and aqain, NËre foutnd surrounded by

thematrix"maÞlingthernsirnilartoogteoblaEts{outndin

bone, Many o{ these ocjontoblast-like cells wer€ seen in

close åËsÕcfation with the col lågenouø fibres of the matrix '

In this association, the fÍbres were either in close contact

with the cell membrane¡ Etr were Ëeen inslde the cytoplasrn"

The pulps treated with AdrÍamycln for 7 days were from

qroupEi cr Dr and E. Very f ew necrotic cel 15 h'erÊ {ound In

the Fulp, and no defense cellË uJere ãËËn, but the area just

api cal to the osteodentl n wae empty-l ooki ng. t''¡i th f ew cel I E

ctr cellular etructures present. The osteodentin deposlt wa5

l arger. and rnore mi neral i zed ti eEute wae pree ent i n cornpåri eon

to that of the 5 day sections. It t4åB also located along

the labial edge of the apical end of the purlpr but wå5

slightly fnore incisal than that seen in the 3 cJay sections'

The characteristicg of this deposit were rnuch the same ås'

prevlously presented. The matrix itself was å dense and

highly irregurlar f ibrous rneshwork, and 1Íl<e that seen in the

5 day sections. resembled the predentinal and dentinal

matri ceø of norrnal teeth (Fi glrre 38) " butt the osteodenti n

htås agai n atubul ar and I ess denEe, CeI I ul ar i nc I Ltsi ons wËre

aqaf n observed throurghourt the osteodentin deposit. with some

of these urndergoing autolysis. The odontoblast-Iike ceIls

harl characteristlcs similar to those Ëeen in the 5 day

purlps. The cells were slightty elongated with cellular

e¡<tensl onsF Ëome f olrnd wi thl n the matrl x (Fi gure 43) .
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Extensive granular ER wås seËn, most of it dilated (Figure

38). A nLrmber of pro{ileE o{ the Golgi apparatuts were

present¡ åE Were å nurnber of vesicles. Secretion granulest

slmilar to those in odontoblaet6'. å1Éo werÉ Ëeen in thes€

cells (Figures 39, 42)" Other organelles (mitochondriat

HVBç". etc. ) were {outnd within these cel ls as wel l.

Endothelial cells in ther treated pulps showed no

changes due to the drurg treatment. However, blood vessÉl5

were in cloge Froximity to the odontoblast-Ifke cËIIË and

the osteodentfn deposits in both the 5 day and 7 day fnä-

teriaL some wÊre evËn seen withln the matrix in theee

sect i ons "

E{fect of -Adriamvcin on Alkaline Fhqsnhatase Actlvitv of

Frrl oal Cel I s (Groutos C. D. and E)

Fottowing the Adriamycin treatmento the purlpal fibro-

blasts (Íncludinq those of the SO zone) and the undifferen-

tiated mesenchymal cells in sections {rom groLlpË Er Ðr and E

exhibited no change in Ënzyrne activity from those seen fn

€roLrp B" I'lost o{ the enzyme activity wås observed in

åss,ociation uuith the cells o{ the osteodentin deposito which

wå5 always in the apical end o{ the Putp" butt no activity

other than that noted in the putp celIE wå5 ËeE,n in the

middle or the incisal pr-rlpal regions. A great variety of

reactions wås seen between sections showing different åreaË

o{ the purlp. Cells ln trnet åreå wot-tld show å heavy reaction.
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while the 5åfne type of celI in another åreåo from å section

cr-rt deeper in the såme blocþ; woultJ show less reactivlty' ês

wel I , some vari abi I i ty occutrred i n di .fferent parts of the

Ëårne celIi ef:ípeciatly when curt tanqentially' The celIs in

the demi neral i z ed ( EDTA-treated ) sect i ons r^ere f ound to have

diminished reactione, ando in sofne cåBes¡ nclne at al l 1n

ctrrnpårison to the undemineralized sectlons. AIsor å5 stated

above, the lncreaEe 1n the times of incutbation increased the

lntenstty o{ the reaction. The observations of the 3 day

and 5 day sectione åre frorn grclup c purlpso while those of

the 7 day sectfons åre from groupç¡ c" Dr and Ei with Ë'ome

explanation aE to the differences between the groupË.

Three Davs A{ ter Adqi.n i strat f on

The odontobtast-1ik:e celIe showed greater alkaline

phosphatase act i vi ty than the r-rnaf f ected pul pal cel I s or

those o{ the qroLlp B sectiong. Thfs t4åË quite evident in

sectionE incubated in medium 1. The orqanelles involved in

proteln synthesis and secretion exhibited the heaviest

reactfons (Figurre 2s) " The Golgi apparatus. howevero had no

reactl0n ås$6Þciated with it. somm vaeiclee that r@BsmbIpd

BerËr,et I on rsranu1 em cl{ odontob I asts demonstrated react i onø t

eEiFeciaily when observed fn celIuIar extenEions in the

rjeveloping osteodentln matri>l (Figutres 34a,. 24b. 25)r a5 did

other structures, most I f l.;el y MVBs ( Fl gures ?5 r 17a ) .

Mitochondrfa crf theee celIs contained littIe evidence of åny
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reactivity (Fiqurre 2å) " even when incutbation times Here 30

ml nurtes, Bac kqroutnd react i on wås not present 1 n any s,ect i on

in this group. l"lembraned strLrËtLtre6 containlng'fibrils and

årnorphoLrs material showed sorne reåcticln along their external

fnembräne5. ånd this NåE evident even with contragt-ËtålnIng

o{ the Eection (Figutres ?6, ã8). No reaction wäs; åssociated

with the oeteodentin måtríx othËr than that of the membranëd

strurcturres. Dying ce1 Iso having large vacuoleE and f ew

orgånel I eB, had heavy react f ons ås5oË f ated uJi th thei r

ce] I uIär ånd vegf cLll ar fnernbråne5. These cpl16o f ew i n

nufnbÊr, were found around and withln the developinq os,teo-

dentfn matrix.

cetls from sectionE that were heat-inåctlvated and

incubated in medium 2 exhibited no enlyme activityr âË waË

Eeen in grouP B sectlons, The odontoblast-Iike celIs showed

sIight reaction along the granltlar ER in those sections

incubated {or 30 minuteso butt- no other reaction h¡ås observed

in the purlpal rnätrix or pulpal cel ls. The osteodentin

rnatr i >r t^,åË aI so devoi d of åny react i on ,

The sectiong incltbated in medium 5 contained cells

showi ng å more spec i .f f c en3 yme act i vi ty. The granul ar ER

reactl on uuåE di mi ni shed bltt not abgent (Fi qutre ?9) . and the

vesicles and MVBs dernonstrated reactions along their fnem-

branes. Some of the vesicles found in the cellutlar procEsseE

reEemb I ed secret f on çranul es o{ oclontob I asts o and h¡ere

evident becalrse nf the reaction åËsociated with them.
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The mitochonclrfa and Ëoigl apparatue demonøtrated no reåË-

tir:nF ånd only å slfght scattered reaction wå5 síeen alonq

the celluIår mËrnbråneç änd membraned structutres 'f ound in the

osteodentin matrix, No reaction wäg' EiËen in direct aesocla-

tlon with the components of the matrlceeu pulpal or osteo-

dentinal .

The reEults of the eectione lncubated fn the presence

of ouabai n (rnedium 4) were si mf l ar to thoee seen i n groLlF B'

The fibroblaets of the B0 zone and the odr¡ntoblaet-like

cel Ig of the osteodentfn matrix exhlb{ted activity simj. lar

to that seen in €eËtlone fncubated fn medlum I (FlÊLtres SOat

Stlb ) . The granul ar ER (Fi gure SOb ) , the vËEl cl Ës, and the

tlVBs aI I demonstrated sctfne reactt vt ty. The Bol çi apparatue

showed no reactiono fdentfcal to that sÊen in the Ëectlons

{rorn rnedl urm I . The mi tochondri aI reactf on wåEi absent o but

thls was å1so seen throughout the cellE of the tsections

l ncubated i n the other medi urms (Fi gure Stlc ) " Agai n the

matricesu pulpal and osteodentinal , u¡erË free from reåc-

tf6ns, except {or the presence of celLular exteneions wfthfn

the developing osteodentln which exhihited EoÍnË reaction

Fretr i p í tate al ong thei r outter rnembranes.

In sufnfnåry¡ trñly the ceL l s ässoci ated h,i th the oËtêo-

dentin matrix showed any change fn all.:alfne phoephatase

act i vÍ ty f rom that of the groLlp B eect j. ons. AI most al I

acti vi ty was f nhi bf ted by the heat treatrnent, The granltl ar

ËR reaction wåsi dimf niehed by the levamiÉroler åB was that of
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the vesi cI es and PlVBs. The I evami sol e had I i ttI e effect

LrpÐn the r.eatrtion of the secretlon granctles' Golgi and

rnitochondrial reactions were absent in aII sections, and

only å stight membrane reactisn waË seen throutghourt ther

sections. Ouabain apparently had littie ef{ect Ltpon the

enrymË åEtivity o{ any o{ the cells.

Five Davs After Adminigt¡ation

Fíve days fo11Ëwinç admlnistration of Adriamycinr the

nufnber o'f necrotf c ËÉl Is f ound in the pulp t4ås rnuch Ieset

and no de{ense cellË wëre seen. It was again found that the

enzyfne activity of åIl the celIs waE diminished or abeent in

the demineral1¡ed (EDTA-treated) sections.

The odontoblast-Iiþle celIs of the Eections incubated in

medium 1 aqain exhibited activity ç1n organelles of the

secretory pathway. The granurlar ER reaction wås strongo and

wås even notlcable 1n Ëíofne EDTA-treated sectf onE (Flgutre

33). The BoIgl apparatus açain e>lhibited very Iittle or no

reaction. The vesf cles dernonstrated å de{inite reaction.

especi aI I y in the cel I s folrnd wi thi n the osteodenti n deposi t

and close to the míneral ized portÍonE. This reastivity wås,

såEen along the external rnernbranes of these vesf cles and l4VBs

for-rnrJ 1n the cellE or cellular extenEfons. Secretion

grantrles, fnore cornrnonly seen in Lhege cell.e than in Lhe 5

day sectf clnE, dernonstrated sofne reactl on, Agai n " no reËlc-

tion wåE pbserved on mitc¡chondrtar even at 3O mfnuteE
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i ncr-rbati on ti me. As uue1 I r ño reåctl on idås seen on åny other

orgånel 1 es i n the cel I s. Dyi ng cel 1 s havi ng rEAËti on aI ong

their vacuoles and membranes wËre Ëeen. both åroLrnd the

periphery of the osteodentin ånd occasionally t^¡lthln the

deposi t i tsel't ,

The materlal that wåE heat*treated Prior to incubation

in medium 2 å€åin showed very Iittle enzyme activity. As

previously stated 1n the 3 day sections¡ rlo organellee of

åny cell I þrlth the excËlption of the granulår ER o{ the s0

fibroblaets ånd odontobtast-like ce}1s. exhfblted any

reactfon, As welI. the obeerved precfpitate ålong the

Êranulår ER of these ËeI18 wací =11ght and Ëporåditr (Figure

3å).

The enzyme äctivity of the cells Íncurbated in medium 3

was intense enouËh to be observed on some EDTA-treated ag

weI I åËt ltndemi neral f z ed sect i onE. The odontob I aet-1 i ke

celIs exhibited the greatest activÍty along the granular ER

and secretion granutles (Figure 35) ' Althourgh Ít wå5 slightly

less intense, the granurlar ER reaction was not greatly

affected by the Fresence of levamisolË (Figure 34). The

secretlon granules found in the cells demonstrated reacti'ons

unaf'fected by the levamisoLe in the fncutbation mediutrn

(Fiqltre 35). Most of these were ËEen in the cells or their

proceE¡Eies assctci ated wi th the osteodenti n måtri x . The

activity of the vesfcles wås somewhat affected¡ å5 only Bome

o.f the vesicles and t'lVBe had reåctions ålonq thelr externäl
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membranes. A few vesicles were Ëeen in the matri>l , nÊår the

rnineral ization {ront, and Ëclfnë of these were in cloge

as,sociation with the processes o{ the odontoblast-Iiþ;e

cF11s, Neither the GoIgi apparaturs nor the mitochondrla

Fres,ented any reåction (Figlrre 35). The rnembrånÊ5 of the

Ëel1E.ånd the cellular PrÕcËãBes showed Fome reåction" As

stated eårlierr the S0 fibroblasts of the refnåinder o{ the

pr-rlp åIso exhibited s,ofnã reaction precfpitate¡ especially

ålong the granulår ER and vesicles, but not å5 intenrely å5

the odontobt ast-1 i ke cel I 5,

The presËnce of ouabafn in incubation m@dium 4 seemed

to have ttttte effect upon the intensity of reåctfon on the

organel I es. aI though demf nËrål i z at i on wi th EDTA redLtcÊd thi s

intensity (Figlrre 37r" The results åre identical to those

seen in sectlons incr-tbated in mediltrn l above. The granutlar

EFo the vË6icIes, MVËs, ånd the Eecretion çranules åIl had

Eome reäctl on evf dent. The Ëol gf apparatutø and the mi to-

chondria fn these ËelIs demonstrated no reåction. 9ome

veef clee and cel lt-t1ar extençions in the osteodentin matrÍx

al so exhi bi ted enryfne acti vf ty uni nhi bi ted by oLtåbåi n '

In sLlmmåry. the entyme acti vl ty o{ the odontobl ast-I i ke

celIs in the 5 Day sections dernonstratecl the following

reaction pattern. The heat-treatrnent of the tissue samplee

inhibited aIl enzyfne actlvity. except for å bit trn the

granular ER o{ the cells. The granutlar ER reaction wåËi

otherwise only slightly diminished by IevamiEole. The
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veBiculår reåction (incIr-rding that of the l4VBs) was dímin-

iehed by the levamieole, and only a {ew veslcleç with

reåction could be seen. The secretion granules increased in

nlrmber and thei r enz yrne act i vi ty was vi rtr-raI I y utna{ f ected by

Ievamisole. The Golgi apparatus and the mltochondria o{ the

cells ågåin demonstrated no reactivity fn åny sectiono butt

thæ celIuIar membranes ehowed some reactfon. Ouabain again

eeemed to have no e{{ect LlPon the enzyme activity of åny o{

the cel I s.

Seyen DavE After Administration

The results seen in these gections were very similar to

those o{ the 5 day treatment setu except Ignger lncubation

ti mes and å cli f +erent set o{ i ncubati on medi a wÊrÊ utsed ' In

qroLtp D, the rnaterial wås incubated f or 30 and å0 rnínuteg'

The extended incubation times increased the amount oÍ

backqround reactlon, and this was quite evident ln the ó0

minUte sections. However, thfE reåCtion wå5 seen only clver

the celle, not on the matrix between the cells (Figure 39),

Thurs, onI y cel l utl ar structures exhi bi ted Àny enzyrne actl vi ty.

The putlps from group E were prepared and incutbated following

å different methorl (Takano et aI 198år see Materials and

plethods) " but the incurbatlon media used were analoçoLtE to

those used in grouPË C and D. The Eåfne heat-inactivation

and speci f i r: i nhi bi tors werË uteied $cl that these resLtl ts'

could be compared to those of the above groLlPs' Incutbation
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times f or these sectf ons weræ 30 ancl St-l rnlnutes, and the

såfne characterÍsticE wËrE ÉËËn! ÍncrEåsed intenelty o{

reacti on, ånd I ncreaEed baclcgrournd reåcti on. The backgroutnd

reacti on Eeen f n these sectl one, however o wå15, cln both the

cellE åñd the matrfx. The rëËultË of the grourp c ånd D

material åre presented firsto followed by those of the qroup

E materf aI '

Incubation in medium I demonstrated de{inite enzymÊ

actf vi ty on organel I es of the odontobl ast-I i ke cel I s" The

componente of the secretory påthwåy (the granutlar ERt

veEicles, and secretfon granules) exhfblted visible reactfon

precipitates (Ff gurree 38, 39), but the GoIgi apparatuts again

did not åppeår to have any reactlon åssociated with itu

regardless o{ the period of incutbatfon (Figurres 38n 39). In

qroup D, the reaction on the Èrånular ER of the sectionE

lncubated for åO minutes wås dimfniEhed and eometlmeE absent

(Figure 39), As well, vesiclee were dfstinctly outtlfned

along their rnembranes in the cells and their extensions

wÍthin the måtrix (Ffgure 39). The Ëtecretgry r¡ranules

dernonstrated i ntense reacti vl tyo and they were quri te di s-

ti nct I n the odontobl ast-I i ke cel I s i ncubated for éO mi nutes

(FIçure 3g). lïurltlveslcular bodies and coated veEicles also

demonstrated å slight reactlon along their mernbranes'

l,li tochondri a agai n exhl bi ted no reacti cln on i ts membranes clr

cristae Ín cells from either qroup C or D (Figures 3Br 39).

There was Eclrne concentrat i on o{ react i crn aI ong the cel I ltl ar
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fnefnbrånes (Ffgure 39)e which uJere sometimes seen in crotsE-

ËËctfon in the osteodentin måtrix '

The results of the sections of ËrÕupË c and D that r ere

heat-treated and i ncr-rbated i n medi um ? were i dent i cal to

those previor-rsly presented in the 3 day and 5 day sections.

The only reactions ËEen were along the granular ER of the go

flbroblasts and odontoblast-like celIsu and theee wera qulte

diminiehed and sometimes absent, No other cellular organ-

eIIe showed ånY reaction'

In eroLrp c and D sectlons, the preeence of Ievamlsole

in medium 3 had spfne e{fect Ltpon the enuyme activity seen ln

the odontoblast-Itke cells, The granular ER reactlon b¡ås

sllght1y less than that Ëeen ln celle incr¡bated in medium I

for up to 30 minutesn but wå5 abEent in cells fn the 6c,

mf ntrte i ncurbat i on group . The react i on seen aI ong the

membranes o{ vegicles and MVBs was slight, but the reactfon

on the eecretion granuleËi wåË vËry lntenser e5pËlciaI1y in

the 6O minute incutbation ËrouF. Thig reaction wå5 most

evident 1n cells near the mlneralization {ront of the

deposit. No reaction wåEl Ëeen along the gaccules of the

Golgi apparatus or the mltochondrlal membranes and cristae

of these odontob I ast-1 i ke ceI I s. Fi naI I y. the ÊeI I uI ar

mernbranås and the coated vesicles also dernonstrated sÖfnÉ

reactlon prEciPftate.

The eections incubated in medium 4 had resutlts identi-

caI to those treated i n l ncubatÍ on medi ltrn 1, The
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ndontoblast-iiþre celLs in groups C and D demonsLrated

reactlons on the çrånulår ER, the veslcleÉ" the MVBso Änd

the secretion qranules that were una{fected by ouabain. No

reaction wåEi seen on the Êolgi apparatuts or on the mitochon-

dria¡ äB had been obEerved thrnughout the Adriåmycin-treated

måteri äl . Fi naI I y, preci pi tate aI ong the membränes o{ the

cel I wåei evl dent I espec i aI I y t'Jhen seen cln cÊl I uI är ex ten-

sions wlthln the osteodentfn deposlt. Agaln. no reåctlon

wäË seen in direct åEsociatfon with either the pulpå} or

EstËodentinal måtrices.

The €roup E eiectiong incubated in medium I demonstrated

enzyme åcttvity similar to those of gröups C ånd Dr but wlth

sþrne notable dffferences. The grånu1år ER demongtrated Eorne

reåcti cln 1n the cel I s i ncubated f or 3O mi nutes, but thi s hragi

dimfnished fn the 5O minLtte incubatíon sections. Reactlons

werÊ Ëeen on the veelcles and MVBs in Eections from both

fncubatlon timeEn but the secretion granules showed the

heavf est reactf on in theee Ëiaffle cel ls, eripecial ly in the

sections incubated for 50 rninutee. The coåtËd vegfcIeE å1so

had Eofne preci pi tate on thel r fnembrênes' The 6ol gi appara-

tuE dernonstrated no reaction, identical to the observatlons

above. Mi tochondrí a agal n had no reåctí on on thei r fnefn*

branes Clr cristae" The cFIlulår rnembranes shclwËd sofne

reåËtlonr and this could be ËËen in the extensÍons withln

the osteodenti n deposi t " As fngnti oned äbclver Ëofne back-

Ëround reåction wå5 sËen on the cells and the matrix fn the
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sect i ons i ncutbated f or 50 mf nuttesu but thi s di d not obecLtre

the reactfone on ånY organelle,

The ÈrÐLrp E gections that were heat-inactfvated and

then incurbated in medium 2 showed å greatly redutced or

abeent reactfon (Fiçure 40). A very slight reactlon h¡ås

seËn along the granurlar ËR of the cells and over the matrix.

The sectlons incubated in medium 3 {rorn this Ëåme qroLtp

demonstrated activity slmilar to other sections incubated in

the presence of IevamÍsole, The granular ER exhibíted e,ome

reactfon in the ceLls incubated for 30 mfnutee (Ffgure 41),

br-rt this reactlon was very slight or absent in the sectlons

incubated for 50 minutes (Figure 4Ð. The BoIgi apparatus

chowed no reactic1nn butt the veslcles and MVBE had slight

reactions along their membraneE. The mitochondria of these

odontoblast-l1ke cells also exhibited no reaction prgcipi-

tate (Fiçure 41). Howevero the secretion granules o{ the

cells had å heavy reaction åEsoclated wÍth themr eËípecially

when fncubated for 5O minutes, These granules were distlnct

and generally were seen neår the cell membranes and Ín

cel I ul ar extensi ons (Fi qures 4L-44a) . They þ'Jere aI so fnore

evident in celIE {outnd tlithin the depoeít than 1n cells

around the periphery (Figures 430 44). There wåË å contren-

'tration o{ reaction along the membranes of the cells and

their e)ítensÍons (Figures 44, 45). Some reaction h,åst Ëeen

in the nçteodentin matri¡r br-rt appeared to be å55trciated with

the mernbr-ånell of structures or extracel I t-tl ar vesi cI es
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(Figurre 44b) " Sorne o{ these reactf ons were Eeen ovËr the

fu11 elrtënt ct+ the strurcture (Figlrre 44c). Ffnal1y. coated

vesicles found within the celIs and their extËnslong also

exhibited Eclrne rËåction precipitate (Figr-rre 4ã) '

I'laterial {rorn group E incubated f n medium 4 showed

reåctions that werÊ very similar to those seen in the

secti one i ncutbated í n medi um 1 . The granul ar ER shot'{ed sofne

reactÍon when fncubated {or 3O minutes, but almost none when

lncubated {or 5O minLttes. The vesicles,, MVBsr ånd Eecretion

grånuleE alI had a reaction a5sociated wfth themt eÊpeclally

1n the 5O minurte Íncubated sections. The Glolgi apparatue

agaln had no reaction evfdent |n àny of the cellg seËn. The

mitochondria also had no reaction along the membrånes or

crfEtae. The odontoblaEt-like cells had Eiome reaction ålËnq

the celIuIar membranes. Backgrr:und reaction Wå5 noticed

both on the celIs and the rnatrices. pulpal and osteo-

dentl nal .

In EiLtfnfnåry, the reaction pattern tseen in the sections 7

days after Adriamycfn administratlon h,ås gimilar fn both

ËroLtps C and D" and groLtp E! even thor-rçh dif +erent {ncutba-

tion medÍa wåE used for the groLip E sectfons, Heat-treatment

pri or to i ncurbati on f nacti vated the enzyrne actl vi ty serern i n

the odontoblast-Iille ceIls" with the exceptfon of sofnÉ

slight precipitate s,een on the granutlar ER. Reaction ËÉen

along the granular ER also þJåE reduced or absent ln sectfons

incubated in the nther media for the longer time periodø
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(5O ånd 6Cl minutes). Frecipitate wå5 seen fn åsËEciation

wi th the vesi c I ea u the l'lVFs o and the secret i on granttl es. butt

only the reaction of the secretion çranules was not dimin-

iehed by the addit1on o{ Levamisole. The GoIgi apparatuts

and mitochondrfa demonstrated no reactivity in the odonto-

blast:-like cellø, regardless of the lncutbatf on media. The

cellular membranes demonstrated sorne reåctionr espËcially on

cel I ul ar extenEi ons wf thi n the osteodenti n deposi t " The

addition of ouabaln to the incubation media had no observed

effect Ltpon the observed alkalfne phoøphatase actfvity of

the cel I s. Fi nal I y, åny reacti on Been i n the osteodentl n

matrix wåç¡ åËË¡6cfated with cellular extensions or extra-

ceI I ul ar vesi cI es.

As etated above. the endothelial ceLlE o{ the blood

veçEels in the pLrlp were una{fected by the êdriamycin

treatments, Their elnzyme activity was similarly ltnaf{ected.

and the observations concerning their activity årË identical

to those o{ Ëroup B Eections. Even those cellg found within

the osteodentin deposit exhibited no altered alkaline

phosphatase actf vity. Thr-ts. when incubated 1n medium 1" the

granul ar ER, the vesi c I es and the cel I utl ar rnembranes demon-

strated sofne reactlon. This wås the Ëiåfi¡e åe¡ that seen in

sectfons frorn medium 4. Sections incr-tbated fn rnedia 2 and 3

had diminished reactfons, Very sltghtr if åny reaction Nås

preaent within the celle or along their limiting membraneE'

An observation to be noter:J wå5 that mitochondria 1n these
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drug-treated sections exhibitecJ å reaction that wae, present

ln sections {rnm media 1 end 3o and wä5 absent irr the

preËence of ouabain in medium 4"

A sLrmmäry of this section is presented 1n Table î"
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Table 3

A summary o{ the ResultE sectlon, detailing the observed
reaction åssociated with the different cell types. The
symbols represent arbltrary urnits o{ reaction intensity.

No reaction
+ Sl ight reactlon
++ Moderate reaction
+++ Heåvy reactfon

(1)-Nurmber of vËsiclee exhibitlng actlvity reduced"
( ? ) -Nc¡t enough cel I s observed to def f ne act i vi ty.
(3)-Reduced or absent activity in sectionE incuibated longer
than 3O mtnutteç.
(4)-CeIlE observed only f n the apical purtp in åËsuclation
wi th the oËtecldenti n matri x .
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Iorpholoqv of Norma ls

The rnorphology o{ putlpal cells seen in this study

confirrns the observations of Han" Averyu and Hale (Lq87)

concenning the purlp cel1g of rodent incisors. others

(Harris and Griffin L967? tg69) have seen sÍmiIar results in

purL ps f rom hr-tman teeth. The putl pal { l brobl aEts utndergo

rnaturation as they are carried lncisaliy by the growth of

the incisor. In the apical third, many of the fibroblasts

were irnmature, and werË not actÍve ås indicated by thefr

lack of developËd organellee, gome {lbrobtaete had devel-

oped organelles and were presurmably responsible for the

formation of the rnatrfx components o{ this portion of the

puIp. tAJithin the middle third o'f the pulpr fnore ceLls and

cel I ul ar extensi onsi h¡erÉ present " i ndi catf ng ån i ncreaEed

cel I uI ar densi ty. The f i brobl as'ts were måtLtre and acti ve

secretory cellso havlng pro{iles nf çranular ER and EoIgi

sacct-tl es. Vesi cl es ÞJere abutndant, f utrther i ndi cati ng

transport and /o¡ secret i on o{ mater i al s wå5 t.ek i ¡g p I ace.

The matrix Hås more fibrillar' with some {ibrils åssclciated

with the cells or cel1 ilembranes (Fiçrtre 3). In the incisal

thi rcJ of the purl p, matltre secretor-y { i brobl asts were sËerl r

fnäny r:f these closely Ëtss,o6icqted with the'f ibrlls o{ the

rnatri x (Fi çutre 5) . The purl pal rnatri x becarne i ncreasåi nçI y

tnore {ibriIlar c1r5 Þl-lB contlnuted incir.eIly. Inc¡easing
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t-ìr.tmbËrs clf clI cJër-, i nact i ve ceI I s that regembl ecl t i brclcytes

have been ,5Ëen in the trrcisal third o{ rodent putlps (Han"

Avery. and HaIe 19ó5)r br*rt tl-r ey h,erË rarely observed irr tFtis

stt-rdy. Cells resemblirrg these {ibrr:cytes have recent'[y been

çåeen i¡. vitro (llarirn and Sinqh 1987). These cells contained

å paucity o{ organelles, t¡utt rnåny microtutbules were found in

their cytoplasrn. They were rnainly seen at abor-tt î8 to 3(l

days af ter the i ni tl al curl tr-rri nç o{ the rat pul p, The

enti re cel I ul ar popurl atf on o{ the rat i nci sor i s reneu¿ed j' n

å time perfod of approximately 32 days (Smith ånd Warshawsl*y

tq76). The pr-r]pa] fibroblasts fnåy become Ínactive and lose

thei r orr¡ånÊl I eg " becorni ng f i brocytes, ås they approach the

end o{ their life cyclen which ccrrespond* to the migration

ancj rÊnewål cycle of the rat incisor. Thereforer the rat

Íncf sor purlp contains {ibroblasts irr al l stages o{ thef r

Iife cycIe. from differentiatirrq ceIIs in the apical pulp tcr

inactive, dying fibrocytes ín the incisal end'

The observati on that di {f erent "sutbtypes" or phenotypÊå5

cl{ pr-tIpal f ibroblaçitE were present throutghoutt the purlp is

lrot utnique. Kar-im and Sinqh (19Ë7) also have Ëeen what may

be morpl-tological1y distinct sutbpopt-ttations o{ cells growing

in cutltr-tres of rat incisor- and hutmalr rnolar puIps. Addition-

a11y. l.arirn (1çË7) " in å 5ËånninË electron micro:rcopir:

sturcJy, observecJ cells havÍng diffËrent sLtrface {eaturest

lenciing surppo¡t t6 thís ldea. Recent reports st-tçgestinç

that ? {urncti onal t y tretercrçleneclLrEs sutbpoputl aLi onE c¡f ç.¡i nçi vaI



ó(),

'Fib¡oblasts may e>list in cutltutre (l'lasåselI ancl Stanel': III

19Bf,). TlreEe 2 st-tbpoputlatÍons rnäy be rËËponEiibie {or the

sirnurltaneolts prgdr-tctign of Eypes I and III collåqen by

cr-rItu¡ed ginqf vaI f ibroblasts (EngeI et aI l9EJC)). Since

Lroth types I and I I I col 1açen has been dernonEtrated Í n the

putlpal matri:r i¡f :fL:¿-q. (l'lar31r:ire et al 1983; Lincle 1985b) " ?

cli sti nct surbpopul ati ons. eåch synthesi r i ng one type Õf

col I åËen r 6åy ex f st i n the pltlp. Tl-re 6ther components o{

the pulpal rnåtrilr tnoncollagenous proteins, flbronectint

lipids, etc. (Linde 1985b) I also måy be produced by å

sepåråte subpopulatfon o+ pulpai fibroblasts. CIeår-Iyr morÊ

reseårch ís neceesåry to con{irm the existence and function

of these di+{erent cell tYPes.

The cell,¡ o{ the ceI1*rich sr-rbodontoblastic sFne (50

rone) have been previoutsly studied irl råt incisars

(Ëcrtjår¡åno5, 19å9a). rat molars (EotjÀmånoË 19ó9c). monlley

rnol ars (Gc¡t j åmanoË 1çó9b ) . and hurnan teeth (Harri s and

Erif .f f n 19ó9). OnIy Got,jåmån6s ccrncentrated on the ultra-

sLructurre of the cells of this zonË. He found celle having

Iittle granurlar ER and ä poorly developed Golqi apparatrts.

These cel I s di cJ pos,s,es,s mi tochorrdri a and ceI I uI ar procesÉÊs.

They Ner€ LrnI I 14ë f i brobl asts 'f rorn the centre o{ the pltl p,

and the matri x surroundi ng them Nå5 I acF;i ng i rr coI I ågen

{ibr.ps (Gotiåmåncl5 19å9a). This is in contrast to the

present stucJy, wl-rich foutnd the SO zcrnË of tl-re råt lncisor to

crrnsi st r:'f utrldi f ferenti ated tnesenchyrnal cel l 5 and
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4ibrcrblasts that NËre {urrther di'f'ferentiated than those o{

the rest o'f the putl p. Tl-re I atter cel I s had rnutch gr-anuI ar

ER, å hiqhly developed Er:1çi apparatlts' and ceIIuIar prÕ-

cesËÊE (Fiqures 6, 9, 1f,), These cells were quite active.

å5 indicaterl by the tlilatir:n r:{ the granrtlar ER and the

number o'f vËsicles within the celI. EolIagen {f brlls aIso

uJere observed{ some in close åssotriation with the fibro-

bl asts. UndÍ f f erenti atecl mesenchymal cel.1s were observed ag

having few organelles clr cytoplasmic extensionso butt did

contain sÕme mitochondria. It is possible that Gotjafnåno5

mistook these undifferentfated mesenchymå1 cells åË¡ being

the only celI type found in the SO zone. The present

rÊËLrItË cctnf f rm those o{ Harris and Ër1{f in ( 1?å9) ' who also

observed both f i brotrl aEts and undi f 'f erentí ated mesenchymal

cël1Ë in tlre cetl-rÍch rone o{ hltman putlps.

The rc¡le o.t the pr-rlpal fibroblasts of the 5o ¡one has

yÊt t6 be cr¡ncl ursi vel y cletermÍ ned. The cel I s have å def i ni te

syntheti c acti vi ty. but what they prcldLtce ånd secrete I e not

yet l,;nr¡wn. The.ry have been inrplicated in the {orrnation o{

the cöI1åË€nous vorl l4iorf'f'ç fibres (Weidenreich 1925! Baurne

t98Cri hJigglesworth et a1 198å). ancl in the {ormatlon (1{ type

III collagen (l"laqIoÍre et al 1982). They måy åid in the

transport o{ ntateriaLE f rorn the putlp proper to the odonto-

btast celI layer- (Gcltjamåncls 19ó9a). or måy play å r-ole in

surpporting the furnct:iorl r:'f the odontoblaçts (GotJ,îmåncls

19ó9b¡ LÍncJe 1?85t1). The latter idea is sLrpported by the
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histcrchemiual investigations by Goçgirrs and FLtIlmer (tqb7)

ånrl others (Heyclen and Frotn 19éi9Í Severs6¡ 1971)" This' is

also sLrpported by the high enzyme astivÍty observed Ín

å5,ËEciation with these cells in this stLtdy. Sorne f ibra-

bIastE in the SO zclnE o.f human putlps rnåy lrave df'fferentiated

into {utsÍform. bipolar ce11s. These ce11s. called Höh1's

cel l s (Baurme 1980) " åre thought to be f mportant f n the

transmiseion of nervclLts imputlses between the purlp and the

odontoblast celI layer (l(öIÍng and Ras[t-Ander'5en 1983).

Foth the flbrnblaets and the utndi{{erentiated mesenchymal

cells åre thputght to be rÉserve cells f or the replacernent o{

dead or damaged odontoblasts. Studies on the repair prclcËËË

of damaged purlpat tissures (FitrËerÈ\Id IqTg; YåmåmLtra 1985¡

Schröder 19Ëg) have shown that darnaçed odontoblasts åre

replaced by celIs that have migrated {rom the pulp and have

LtndËrBonË tj i 'f .f erent i at l on i nto odontob l asts. At-tthars haver

hinted tl'rat the orlgin of theEe celIe is from the putlp and,

fnorË EpËcf 'f ica11y, {rr:m the sltbadjacent layer to the odonto-

b1 asts, Í . e. n the subodontobl asti c zonË (Fei t 197Oi Fi tz*

çer.ald I97S) . This Iast proposal rnåy be surpported by some

of the observations in thiE sturdy. The fibroblasts in this

ïctrìe årë {ur¡tlrer differentÍatecl tharl other prr-tlp {ibroblat;ts.

ancj rnåy on I y neecl å st i ght i nducement to becorne odontob I asts

or odontobl ast*l i [:: e. A:i wel l , utndi {'Ferenti ated megenchyrnal

cel ls that fnay be abte t(] dlf f r-:rrentiate into åny type c}{

pr.rlpal ceIl are cclncnntrated in this u þne.
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â_lji+Lj¡c__Ehç_ephe!å-se--.ê-ç-t¡-yi L-v of Normql F uI p

The non--spe(:i.fic a1!,:aline phosphatase (AFase) and the

fnågnesi utrn-" cå1ci utm-act Í vated adenosi ne tri phosphatase
î+ !+

(M,l --rCa -ATPase) activity þbserved in norfnåI pr-t1p cells

in this study is similar to that 5eËn by other invest-igators.

As Ëeen in TabIe 2. irnrnatltre f ibroblastsr Ptrirnarily in the

aplcal puIp. and urndiffer-entiated mesenchymal ceIIs through-

ourt the pr-rlp showed no reaction indicating Ênzyme activity.

Inactive fibroblaEts seen only fn Lhe incisal pulp wËre too

{ew in nutmber ft¡r å definite conclusion to be made regarding

enzyrne actívity. Only the rnatutre active fibroblasts of the

pulp and the surbodontobtastic (S0) rone and the endothelial

cel I s of the pul pal b I ood vesssel s dernonstrated si tes of

ÊnzyrnÉ activltY,

In general , the f ibrclblrrsts o{ the purlp showed rninirnal

Ënryrne acti vi ty. AFase acti vi ty" determi ned utsi ng the AFase

tnhibftor levamisole, wélã linrited to the cell ntembranest

wh i I e the rernai ncler of the organel I es showÍ ng the react i on

(r¡ranutl ar ER, vesi cl es" and mul ti vesf cutl ar bodi es) demon*
2+ 2+

strated l"lg *, Ca -âTPase actf vÍ ty. The reacti on åËçoci ated

with the mitochondria wå:; absent when the cells were incut*

bated in the prËEËnce clf oual¡ain. indicating tl-re pre5entre of
'++

,3 Na -"K *ATFase on these organelles. The f ibrohlasts of

the SO zctne had å mclre intense reaction ågËociated wÍtl-r the

cellt-tlar orqanellee, irrdfcatinr¡ å hiqlrer IeveI n{ en¡yfilË

acti vi ty, AFase acti vi ty r^,å5 agai n ÀËsoci ated wi th the
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CeIlL.rlår rnernbråne5, bUt some Ve:åiCIeË {:rIsO shOW€:d ;t reåC:tíon.
++

'Tl-re rnitclchonclríaI rç:åcticln wÈrs aqain dute to å Na *"lt', *Al-Fa-'¡e'

denonstratetl by thp inhibition o{ the reaction by oltabain.

Thuts" tlre reåction åssociated with the gr-anular EFr cr nLtmtlÊr-

n'f veeiicles" and rnLtltivesicutlar bodies is tllte tn
'j+ 2+

l'lg '.-, Ca *ATF ase. These resLtI ts i rnp I y that tl-r i s ATFase

¿rctivity in puip fibroblasts is primarily clssociated wfth

(JrrlctnÊlles o{ the secretory pathwayl the granut Iar ËRt

vesicles" ånd sËcretion granules (Ffgure 1ó). Althoutqh no

reaction wås visible cln the GoIgi saccutles r:{ the cells

(Figurres å. lçl) " it may be present burt not ËËen due to the

I evel o{ sectl oni ng o{ the materi al . As wel I " vesi cl es i n

Ll-re ËoIgi regiorr tl-rat 5l-low å reaction (Figutres 6. 1O) måy be

derfved {rom the 6oIgl saccutles.

t'loEt regearch deal i ng wi th ther Ënr yrne act i vi ty Ð'f

dental putlp har; been histochemical str-tdies done at the iiqht

micr-oscopic level . AFase activity was f6und to be higlrest

cln tl-re cells t:l{ the SO rone and ttre rnatri;< between these

ceIIs (Harris 195Ö; ËorlËins and FuIlmer t967; KigueI L97Ö1

l"lagnurssorr et al Is74). Fibroblasts in the refnåinder o{ the

pL.rIp hacJ no activity asËociatecJ with them. The 'Few stutclies

clnne ,rt the electron microscopic level (Yr:shit':i and lr'utrahashi

I97L: Leonarcl and Froven¡a IS73) have shown the reaction to

be åt¡tgc,ciatetl with the cell nlentbrånes and the intercellltlar

rnatr-ix in the S0 zone" Activity has cllço been observed on

tl-re+ rneltbr(ârìËs cLf vesicltrs withirl the ceI.ls (Yoç;hiþ: i and
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l,:.r".rr-ahashi 1971; Lr.trtt ancJ Ncltrle L97Ð . 'Ihe present sturciy has

cr:n{lrmed the loc: ali:at:it:n n{ the enlyfne to the cell filËrn-'

branes and vesicles. but at Tlo time Nå5 åny r-eactlon seen on

the prrJ.pal rnatri¡t" e:ither in the central pr-rIp clr irl the Sn

rone. Resutl.ts o't bÍochernical stutdÍes involvlng putlp cell.s

also .sLtpport 'b,his locaIi:at:ion. f"lesser et aI (Iq78) foutnd

APase activity of tl-re centrat purlp tÞ be Iess than that of

the pÊripheryn i " rä. ,, the so rone. They algcl {outnd that the

qreatest activity wå5 in the plasma fnefnbrånÊ fraction" This

wås conf f rmed by Euto and MeEser (tg73) who å1s,0 f oltnd that

AFase Hås, å mefnbrårle boutncj ellzyme. This Iatter fact indi*

cates that the enlyrne rnåy be {outnd on vêËict-tlar membrånes

within the celI:, å5 seen in this stucly.
3+ 2+

'Ihe locali.¡ation of Mç .-|'ca *ATFase in ceIls of the

purlp has also been ç¡ltensively stutdied. LiËht rnicroscopic

histoclremistry has shown tlre central putlp cells to have

littie activity" bt-tt. the cells of the f:i0 zorìe have å nlltcl-t

greater enlyfne activity (lleyderr and From Iq67i Sever-son

tSTt), Uitrastrurcttrral local iratÍt:n has been åccclrnpl ished

tl-rro¡rçh biochenrical rather tlrat electron rnicroscopic rneåns.
.¿ 1- :'+

Mç *rCa *ATFaçe activity has h.leen.f6urnd in the lnicro5ome

f racti on (Yoshi rnrtr-a ancl St-tzurk i tq73¡ Abi þ;o t977 ¡ LeBel l

1gB1) a¡cJ thr-. plasma rneml¡rane {raction (Ëuto and I'lesser I97h"

LSTB: Messer et ¿rI 1978) o'Ê hornogeni¡ed and fractÍonatecl

rJental ptrlps, These çttrclies have aIEo slrown that the Ë?rlryrlle

is fnBnttlT'êìr1 Ét*boltrrclr c1l.'ìd thLls it rnåy be å:sÉoüiated wf th the
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erlclclFlasnric r-etic:t.tIutrn. VeÉåicIe5, GclIçi saccuIesF íll.ttti*

vt:t;i(:Lrlår' botJies" and ceII rnernbrårlëË' FJowever. all o{ the

above biochernical. Ettrdies ltsed purlps tl-rat incLurded,the õ,Jr JI-

odontoblasts" t^¡hich have beerl shnwn to exhibit l4q --,Ca

ATFase åHt I vi ty on ceI I lrI ar rnembrartes ( t'{eyden and From L967 a

Granström ancl Linde t974" !976; Maçnusson and Linde L974,

and vesicles wf thin the cells (Granström et al t978; Linde

and 6r'ansitröm LÇr7e). No stt-tdy isc¡Iated the odontoblasts

f rom the rernåi nder of the pt-rl pal cel I s. Theref orp r the

I ocal i rati on of the enlyfne to orqånel l Ë5 that maþ.:e ttp the

microç¡ome {raction Ëeen in the present stt-tdy con{irrns the

obser-vat i ons of others '

The signifícance of the p¡egence of both of the enlyrnÊ5

in purlpat ceIIs iE undetermined. l"lost c1f Lhe fut¡rctions

attriblrtecJ to "alkaline ¡-:hosphat,åse" Here Ín stutdies per-
1+ ?+

.Formecl previous to the recclÐrl iti6n of the ënzyfiìe I'lg -rCa

ATFase. ånd there{ cJ¡e r måny o{ theçe $åÍle f utnct i onE¡ årË

presently beinç attríbuttecJ to tl-re latter-, fnore srpeci'tic

Enryrne. The non*speci{ir: a1[<a]ine phosphatae;e (AF'açie) has

fnåny possihrle fltrrctions in å$sociation with mineralizing

tisst-res" bt-tt few whe.n sËerl orì non*minerali::ing ceIls" The

enryme is [.;nown to hydrolyr: e pho*phaLe eç¡ter-s ånd lit¡erate

ino¡ganic phosph;rte (Fi) (Rclbison 19î3). Thit-" lrtcreases the

local concentrat-ion o'f Fi,. w|rich rnåy be used in å number of

r^Jåys by the nc¡n-mineraltring cell. 'Ilre celI rnåy bind the Fi

to iLs cell rnembråne. clr to rece¡ltors on tl-ris tnembr-ane which
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rlcry åct to regttlate ceIIr-.rIar'{utnctj.onE (Shapircr and GoIt-tb

1981)r Õtr Ít rnË{y act to reçurlate t;el1 di+{erentiatir:n or

rlivigiorr (Mooç Ic?44. 19ó51 I'lcWl-rinnie arrd Saunders 19ó61

Nurthier and Register' 1985). This latter fltnctinrr hag

recently been dispr-rted by hlhyte and Vrabel (t9e7). Both

these futnctions åre possible uul-len putlp cells årÊ congidered,

br-rt only the f ormer cån be surpported by the prÉ5€lnt study.

No enuyrnÊ activity was evident on immatutre or differentiat*

i ng pul F cel I s, OnI y the mature putl paI f i brobl asts, whÕ5e

{ r-rnct i ons certai n I y måy have been regutl ated by the eni Yme I

demonstrated activity. The most Iilteiy futnctlon for the

enuyfne in pr-tlp fibroblasts is the transport o{ sLlbËtånce5.

This has been postulated aË ¿{ flrnction o{ AFaseE åssociated

wÍth intestinal cells (l'lutgon and Borqers L967" L9ó81 Hutçorr

1g7C)). kirJney turh¡r-rle cells (Mölbert et aI 1?óC))" enclothellal

cells (CIarl< 19ó1; DeThé 1968), ancl ceIIs of the placerrtal

fnembrårìeË ( Mann i n6 et a1 19åó ) . Tl-r i s has å1 5ö been a

suggested futnction o{ the en;yfne when Ëeen clrl EteIIate

reticutlr-rm cells of the developinç hutnlan teeth (Lurnt and

Nobl e Lq72) . These sltbstances. probabl y metåboI i tes¡ fiìåY

originate from the prurlpal bloocl vesËels. wlrnse cells alscl

exhibit APase activlty. In the present study' it Nås

prlrnår11y Ëeen on tl-re lurminal ancl ¿rblutminal rnelllbr'ånes ancl

vesicles (Figures 19-31" TabIe "). Tl-ris rnåy irldicate that

tht+ Et-rbstanceg iilr-Íå tranÊr{erred åcr'nsãs thc: lutlninal membrane
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tcr vesicles which cleliver- the sltbstånces tcl the ablutminal

tnefnL)rånef5. Thely ¿ìrË then tallen Ltp by tl-re pur 1p cells and

employecl irr metabc¡Iisnt or- synthesisr otr they måy be trans-

ferred tn other cells. This ssclt-tencË parallels that set r:ltt

by þ:.iËureI (197()). The increased activity of the {ibroblagts

o{ the f:ì0 IOTìe cclurld thuts be explained. These ceI}s måy be

transporting rnaterials from the çiutbodontoblaetic blood

vegsels to the odontoblasts' where they may be involved in

metabol i c proceÉsÊ¡Ë (Eot j åmånos 19ó9a) ' The sutbstanceË fnåy

be phÕsphorylated to aid in their transfer by either the

AFase clr ån ËnIyme complex incorporating the APase. Lipide

(Madsen and Tutba 1?53) . arni no åci ds (Tri ntophyl l opoul t-ts and

Turba 195?) " ancJ gI ucose (Ten Cate 19óî¡ l-i n:¡cheer et aI

I9â7) have been sltqgested åË beinq Ëof¡Ë of the transf erred

metabolites. The enuyrne futnction måy actr-talIy be å combina-

tion o{ thes;er å5 ncr one thenry iç adeqltate to explain the

role of AFase in PuiP,

In contrast to the role o4 AFase in purlp celIs' the
?+ 2+

role o{ l'1Ð -rca -ATFasie is fncJrË tJe{lned, Althoutgh the

Iatter enzyfne mäy be o{ fnore f mportance in tlre mineraliza-

tipn o{ tissuteçi, its 'futnctf on in the pur Ip has not bee¡

ov€rloohecl. l"lnst stt-tdies troncerninç this Ênryrne in the pulp

åst5c)cÍate it with intracellular calcittm transport (Guto and

l'lesser L976; Ab i l,;o I977; Messer et aL L978; Messer and Guto

I.?791 l*eBe11 1981). Tl-re enuyrne wot-l ltJ act åc; å "cåIciLtnt

pL.rriìp" (AncJersorr Lg71) " åccLlrnLtlating calciutrn'from the cel l
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ånd "påckagtlrq" Ít in ve:¡icIes. The ATF' would act å:; å

$oLrr(:e o{ ÉnËr'qy {r:lr thi s pLtfIlP (Anderscln L97:!) , or ås t:ltlrers

trave suggested. ås å soLrrce o{ Fi that ñìay alsio be folrnd irt

'Lhe vesicles (l"lesser ancl Gutcl I?TS). Theçie vesicles rnÀy then

be transf erred " f rgm the pr-tl p f i brobl as'ts to the 50 Iclner

and {rnm the SCI :orìe celIs to the matri:< clr odontoblas'ts,

The locali:atiorr of the Ërlzyme on the components of tl'te

secretory pathway of the f ibroblasts in this stutdy wot-t1d

confirm thiE proposed function. That the enzyme activity is

higher 1n the cells o{ the s0 zone cån alEo be explained.

These cel I s wourl cJ transf er greater arnounts of cal cl um to the

odontoblasts to aid 1n their {ormation of the dentinal

matrix. This fltnctlon has been proposËd 'For fnåny other

cells demonstratÍng ATFase activity. Irrtestínal rnLtcÕËå

(MeIancon ancl Delutca t97Ai Delutca and Schnoes tg7â'), tlidney

tt-rburle cel]s (Parh:insorr and Radde t97tZ Rorive and Pilein-

zeller I974)t erythrocytes (5chat:man ancl Vincenzi 19ó?;

Schatrman and Rossi 1971) , and pl acental rnernbrane ceI I s

(Shami and Radde t97L) Ëårry out active transport of cations

.åcrclsrå their membranes enrploying spt-ci{ic ATFases ltsinç

FnÊrrgy der i ved f rom ÉìTF .

The enr yrne åËËoc I ated

the f i brob I asts of the Pr-tl

{lrnctionE ot-ttIf ned above"

bocJies (l4VFs) are 'torms of

o'f vesi ct-tI aterJ hydrol Yti c

with the rnutltivesicutlar bodies in

p probably does not share the

It is [<nown that rnt.tltlvesict-tIar'

I ysosornes that contai n å rtutmbqrr

enuymes that årr: responsible for
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the breal';down n'f inc¡estecl particlesr troliaqen f ibres. etc,

(AIberte; et åt 19{33). Not aII the Êlruyfi}es within these

lysosomes have yet beerr charåcterized (lllberts et- åI 1983)"
!.+ !+

The presencË o.Í år1 Pl,l -rca '*ATFase or simila¡ ATFase in

the t"lVBs rnåy l¡e valitJ. since the reåction sêÊn on these

organelles wås å corlsÍstent f irrding ín the f ibroblasts o{

the purlp ancj the s0 r(fnë. Additional investigation ie

necesËåry to corrf irm this idea.

E{f ect of Adri qmvcf n on Ft-tlo

Adriåmycf n (do;.lorurbÍcin hydrochtnride) f s ån anthre-

cycl I nE åntf bi ot-i c o i sot ated from Ëul turee of streptomyces

peucetius caeglus. It has been in LtsÊ ås' ån antineoplastic

agent since the early 197t)E. Its antineoplastic capabil{ties

år€ prgbably tlute to its abiiity tp intercalate itself

betw€ren acl j acent base pai rs i n the dor-rbI e hel i caI strutcture

o{ DNA mr:lecltles (DlMarco Lq73) " Both DNA and RNA synthesis

is haited after urptaÞle of the drurg by the cell (DlMarco

1975), The drutq f s not phase Epecífic. butt its most lethal

i n the l ate ß or 5 phase of the cel I cycl e (Bhuryan et aI
I

19{'j(l)r the period in wlrich the greatest arnoutnt o{ DNA

såynthe5i5 is talling place. The actutai death o{ the

Adriårnycln-trpat.ed cel1 is probably dute to the conver-5iorì of

the drutç to free racjicals by the nticrosornes of the cell

(endoplasmic reatf ct-t1t-tlll . Gcr1';i åppår'atuts" etc" ) " These f ree

raclic:åIs cåLr!åe membrane IipicJ pÊro¡ílcJation clr DNA breallaqet
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whicl-r Ieads to cetl cleath (Bachrtr- et aI 1978). Adriamycf

is, onË o{ the tn6st t-l5,e{: ut I anrJ tnost ef'fe+ctive cytr:toxic

antineoplastic drutçs. It has må.jor- cIínicaI åpplicatic¡ns in

cårcinomas o{ the b¡east. ertdometriltrnq cJVåry. 1t-tng. ånd Ítt

the treatment o't rnåny sårcclmas. irlclutdfng neurc1blastorna'

rhabdornyosårcofilå" ånd in parttcutlar, chtldlrood Þsteclsårcclrnås.

I t 1 s åI so ef fecti ve agal nst I euk:emi as and other hematol ogi c

ËåncerËi ( SaI mon and Siartorel I i 1984 ) .

The Ievel of AtJriamycin used in this study" a single

dose of 5.0 mg/þ:Ër has been ltsed prÊvÍot-ts1y to lndutce

osteodent-in forrnation in rats (DahI 1984; Karim 1985b)' It

f s ålFct å dosÊ conEiçtent with therapelttic rËËultË in

exFerimental trials 1n råtË (DiMarco 1?75). The effects of

Adr i åfilyc I n on the purl p CI'f tl-re r¿åt i nc i s6r cån be 5Êën åË

early ås clne holtr 'FoIIowÍng adnrinistration of 'Ehe drug

(Harirn, unplrblirshed r-esiLtlts), and have been docutmented one

clay after the drltg treatrnent (l,,arim ancj Fylypas 19851 l(arim

1985a). The c*rllfã o{ the purlp were af{ected in di++erent

wåys. The ear- I y preodontob I agts art d thei r preËLtrsclr ceI 1 s

wËre killed and çrncJerwent neËrorãis (DahI 1984; l'íarim l9B5a.

b). Thege proliferatinç cells were r-tndergoinq cell division

and måy have been in tlre late E or S phase o-F their ce}}
1

cycle (DahI 1984¡ f,larim arrcl Fylypas 1985). The Iate pre-

odontoblastE ancl yËLrnË ocJontcrblasts tl-rat had di{+erenti¿rted

to the stage o'F initial cJentin prgcJutction wer-e seerninçIy

urnaffected by the rJrr-rç¡ (lr.ar-irn ancl Fylypas 1?85¡ l'.arim

n
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1?B5a). No other åreås of the pulp appeared to be affected

by the drurr¡ at th f s t i me '

Three days {oI I owi ng admi ni strati on of the Adri amycl n t

nurnerous changes Nere seen in the pulp. Some necrotic

debris remalned ln the area of the preodontoblaets and thelr

FrecLrrsorË" Karim (19ESb) has seen aggregatione of mesÊn-

chymal cel1e i n the pul p and eutbodotobl ectl. c u oneË J utst

incfsal to theee necrotic åreåg. TheEe cells wer€¡ aleo

assocl ated wf th ån i ncreaeed nçtrnber of col 1ågën { i bree i n

the matrix (Karim l?EEb), ThÍs observation was confirmed by

thie øturdy, whlch showed the fnitiation of the osteodentln

matrix (Ffgures 25-28) wae {ound ln the aFeå of the sub-

odontoblastic rene of the apicaL pLtlp fncisal to the leeion.

ProcesEes of these odontoblast-like cells wËre closely

åssociated wfth this matrix. Secretion granule* and micro-

filaments were found withfn thege proËesEeËi indicatfng sofne

connection between the cellE and the oeteodentin matrix

formatlon. The matrix ltseIf contained irregltlarly arranged

col1åBen {1bres, and areae o{ {fbrlla and mfcrðfllamente

wf thi n åB wel I as outei de these cel I uI ar processes. Thl s

tiseue closely resembled the nratrix o{ mantle dentino

although matrix vegicles åãsocfated with mantle dentin

productlon and mfneralizatfon (Bonutcci 1984) were not

preeent,

Fi ve daym {ol l, owi ng Adri. amyci. n treatment o the nltmber of

odontoblast*"Iike celle had increåsed, They hJere found Õn
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tl-re periphery and witlrin the osteodentin matrix, whf ch had

alsO increased 1n si:e. No necrotic cells wËre seen, butt

cJegenerat i nç ceI I s were pres,erìt wÍ th i n the osteodent i n. The

conditiorr o{ these Iatter cel1s måy be tlute t6 å delayed

to>licity of the drug, These celIs måy have been affected by

Adriamycin initiaily. h¡utt did not die immediately. The

odontoblast-litte cells were highty active. fndicated by the

abltndant Fro{ i 1 es of tl i I ated ËrånLtl år ER and secret f on

granul es. The osteodent i n matr i >l consl sted cl+ col I ågen

{lbres oriented in fnåny di{+erent planes with Iarge amoutnts

o{ amorphous groltnd substårlce between them (Figure 3{)). The

matrix appeared leEs dense than the dentinal måtrix" probably

dute to this Iarge åfnount of ground ËLtbstänce (Taltuma et ål

1?óE). This prornpted Dal-rI (1994) to ccrll the gsteodentin

matri>l irregular predentin tisscte, althourgh no tltbules were

pbserved f n the ti sEiute. t"l i neråI i:ed matri;< wåË aI so seen i n

these sectÍ ons (Fi gutre ?9) . Tþeç¡e crystal s were unl i ke

those o{ dentin or enarneL and had no åppårent ordered

arr-angernent. ThereforEr ? portions of the osteodentfn

deposi t were observed . The per Í phery uJås ån ltnmi neral i : ed

collågenoLts matri>l , and the central portion wå5 å more

tlensen nrl neral i zed matri l< . Fc¡th o{ these rnatri cee contai ned

cellurlar inclursions and processFsi bt-tt, r-tnlike dentln' were

aturbr-rlar', Ther¡e two tissLtes have l¡Een tprmed preosteodentln

and osteorJerttin, rËsPectiveIy (l':.arirn and F'ylypas 198ó).
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Seven days'tollourinq drutg administratlon. the Õsteo-

denti n deposi t waE I arqer and wå:å I ocated more i nci saI 1y

tharr that seen at thr-ee rlays a{ter treatment, l-hi s i nci saI

rniçration is due to the continLtct-ts erutption o{ the rat

incisorn which is unaf'fected by Adriarnycin treatment (1,'ar-irnr

in preparation). Marry odontoblast-like cells were åssociated

with this deposit. both around the periphery and withfn the

matri;<, The characterlstics of both the cells and the

matrix wås simflar to that seen in the sections five days

af ter the drurg treatment,

The presencÊ o{ odontobl ast-I I ke cel I s I n secti ons

three days following Adriamycin adminlstration indicated

that Ectfne of the cel 1s that had not undergone necrosi s i n

previ ours studi es of Adri årnyci n*treated pr-rI ps at onË day

(DahI 19841 t.arim 1985a) were indeed affected. t¡lhich cells

þ,Jere af f ectecl ancJ how they were i nduced to di f f erentl ate åre

ås yet r.rnanswered qurest i nns. Dah t ( 1984 ) beI i eved " putl p

cells adjacent to the preodontoblastic zone. ".åË5 well aE

{urrther i nto the pul p werÊ converted " to f orrn odontobl ast-

I i tle cel I s. l.iar i m ( 1983a ) observed that the mesenchyrnal.

cells incisal to the lesicrn açgregated trn the lateral and

mesi aI wal I s of tl-ræ pul p chamber prl or to the f ormati on of

osteodentin at the såme sites. It has also been s{fen that

ceIIs jurst incisal to the initial leslon talte Ltp abnormally
3

hiÐh a¡routnts cl{ H*thymirJine onê day {ol lowing Adr-iarnycin

adnrini stration (l,larim¡ in prepc{ration), These lat¡el lecl
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cEiIls, Nere Iocated in the sr.tbodontnblastic zclne and the pulp

adJace¡t to that (ãr€å. anrl were eventurally observë(l assclcl--

ated witl-r the osteodentin rnatri>l sëvën days later (l¡.arirn. in

prËpåratinn) These resullts; indicat.e that tl-re odontt:blaE;t-

Iitce celIs Nere clerived frorn pLllp ceIIs that Ltnderwent

indutced di{{erentiation, This is st-tpported by the worþl o{

Stene (L97q) wÍth vincristine, Nogueira et aI (198i) with

colchiciner ånd Koppanq (1981) with cyclophosphamide who al .1.

found that abnormally dÍfferentiated pulp cells forrned ån

osteodentinal måtrilr f ol lowing drutg administration. Tltis

prclcess has ålso been seen 1n pulps {ollowing cåvity prepa-
3

ratlon. Fitrgerald (Lq7q) showed that H-thymidine-IabeI Ied

pr-rIp cel l s di +f erentf ated i nto odontobl asts f c¡l l owi ng damaçe

to the odontobl ast I ayer. Fr-trthermoreu hi s resul ts i mpI i ed

that these rells cårne mainly'from the the sltbodontoblas;tic

Eone of the tooth. Yamamura (1985) also {outnd that the

cel 1s o{ the purl ¡: df 'f f erenti ated l nto odontobl asts tt:

replace the oneË lost to the cavfty preparation procedutre.
3

Using l-{-thymidine 1abe1linç and radloalttograFhYr it wä5

observed that urndi f f erenti ated mesenchyrnal cel 1s coul d

di f f erenti ate l nto {unctf oni rrg cldontobl asts i n l ess than

f our clays" The odontobl ast*I i lle cel l s i n clLtr stutdy were

BÊËn three days after the AdriåmyËin adminiEtration' and

they were åEEociated with the irritiation of the osteodentin

matrir<.



76"

CIther studfes have postulated that the oriçin o{ the

orjontc¡b I ast*1 i tte cel I s wËre aI tered odontob I asts " 9tene and

l(oppang ( 19BO) bel ieved that vincristÍne-altered odonto-

blastE were responsfble {or the productÍon n{ ån osteo-

clentf naI matri >1. Orams ( 1983) thought depol arl zed odonto-

blaete 1a1d down ån irregutlar matrir'l after cyclophosphamide

administratlon. Dahl and Koppang (1985) belfeved that å

portion o{ the osteodentln matrix wåË aleo produtced by

depolartzed odontoblasts after Adriamycf n admf ntstration.

Recent evi dence dl sp¡rtes thf s the6ry. l¡.ari m ( f n prepårå-

tion) has seen å layer of transformed ce1Is from the eub-

odontoblastlc zone that were eituated between the periphery

of the deposit and the odontobtast Iayer. There wåsl Iittte

evldence o{ depolarfsation o{ the odontobIastsF nor o{ their

I nvol vement i n the produtct i on Éf the osteodent i. n matr f >< .

The inltial inducement o{ df++erentiation o{ the

odontoblaEt-Iike cells 1s åEi yËt unknown. The differentf-

atf on of the tJental papi 1 I a i nto odontobl. aets i n the normal

development o{ the tooth requires the presence o{ the

Ínternal enamel epithel i.utm and the basaL Lamina (Rutch 1985) .

A number of interactions between the two celI types takes

place p¡iop to dif'ferentiatfon and proper Sutnctioninq o{

both derivative cell typea (Rutch 1985). No basal lamina nor

ËËIls that resemble those s{ the lnternal trnårnel epf thellltm

were s€åen in the drutg treated pulps. The dl{+ær'entiation of

prrlp cell,s intn odontoblaEts to replace those clamaçed by
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dental procedurres rnåy be the result of å number of {actore,

Yamamurra ( 1985) specutl ated that the i nclutci ng agents rnåy be

clentin chips Ie{t {rorn the Frocedutreo the microenvfronment,

o+ the purlp¡ Õtr calciutst hydro:<ide plrlp cåPpinç agente.

Rather than the calcium hydroxide being the fndutcfng aqentt

Schröder (1985) believed that the necroËis caused by the

pulF capplng agent wås the stimulLts for differentfation.

Thfs wås Ëmpported by Veis in 1985. Thfs idea wå6 initially

employed by Koppang (Lq73) to e>lplain the productÍon of ån

neteodentinal rnatrix in råt inclsors after the administra-

tion Ëf cyclophospharnide, The ceII necroef g supposedly

indurced the pulp celle to differentiate and produce the

rnatrixo åF å protective or reparative phenomenon. Dahl

(1985, and wlth Koppang 1985) used this sömË explanation

when Adri amycf n waçi uteed. If thi s i s true, then aI I pul p

cetle that ËornË in cnntact wÍth necrotic debris should

become odontobl ast-i i ke and produce osteodenti n. However o

thts was not Been Ín åny studles. Karim and Pylypas (1989)

determined that after å singte dose of Adriamycfn, å necrotlc

lesion erttended for åpproximately I.3 nrm {r'om the apical end

of the rat incisoro ånd only Õn the periphery of the Pulp

chamber, I{ the necrotic debriE were respon*ible {or ceLl

differentiatfon and the subsequtent {armation o{ the depo*Ítu

the t¡steodentln wattld be observed putLpal to and alonç the

tength of this Lesion. l'lowever, osteodentin deposits have
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cln l y been seen al onç the meel al and l ateral wal l s o'f the

purlp charnber and inciçal to t.he site o{ the lesion (lrarirn

1985b). Furrthermor-e¡ å5 stated above. only the celIs
3

i nci sal to the l eEi on dernonstrated i ncreased l-l*thymi df ne

1abel1íng one day a{te¡ drlrg treatment (Karim' in prÊpärå-

tican). This eviclence shot¡s that ånother explanation is

needed to e>lp1aín the indutcement of pr-tIp ce11 dif+erentia-

ti on, Adri amyci n i tset { may be the I nduci ng agent " The

drug ls known to be toxic to cells in the late G or S
1

phåse of the cell cycle (Ehuyan et ål 19Ëü)" and it wå5

shou¡n to act åt the nLtclËår level (DiMarco et å1 1971), it

måy å1s,o cåLlEe aberrations to cells of the Pulp that äre not

r:ycling. Dahl and lr.oppang (1985) belleved å direct butt

non-lethåI inJutry to odontoblasts måy have cauEed them to

depolårlre and Eecrete osteodentin. This clrurç fnåy act

similar to forskÕIin. which wå5 foutnd to indutce the differ-

entiation o{ newbÕrn rnctLrsë calvaria ceIls into functir:ninq

osteob I asts ( Halleda et al 1985 ) . Formocresol fnåy aI so

pos,seËs this capability ås it indurces osteodentin prodr-tction

in Fulps of human teeth (l'"esrIer and Dominr¡uËz 1984), but

futrther in{ormation is lacl::inÈ. Additional research into

Adri åfnyci n's abi t i ty to i ndutce di +f erenti ati on f s nÉcessary

to deterrnine if the dr.urg is incjeed the indr-rcing agent.
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The amoutnt of osteodentin matrfx increased over the

Ëeven dayr o{ obEervation time¡ ås did the nutmber of odonto*

blast-11ke celle åËsclciateEd with it, Harim ånd Pyiypas

(19Ëå) have shown that these cells secrete å prollne-

containing cclfnpÐnent o{ the osteodentf n matrix whf ch may be

åss6cfated with collaËen synthesis and çecretion. The

re$ults in this study" e5pecialty thoee seen at three days

a{ter drlrg treatrnent, slrpport the ldea that the odontoblast-

Iike celIe äre responsiblË for the formation of the oeteo-

dentln matrlx. Hew the cell nltrnbere fncreaeed le unknown.

DahI and Þïoppang (1989) obçerved that the odontoblaet-Iike

cells lach: a prolÍferative cåpåbitlty eimilar to odonto-

blasts, and therefore do not multipiy. The fnducing effect

Õf Adriamycfn can onLy last ås long åEi the drurg ie !n the

tf gsutes, which is frorn 3-7 days a{ter adminf etratlon (Adrla

LaboratorfËs rep6rt). The actltal oateodentin matrfx mäy

ptåy å role in the recruitment of additional odontoblast-

I f ke cel lsu thror-rgh ce11-matrix interactlons. llany of theç¡e

ceLls that wÊre ËËen on the periphery of the deposit may

have been pLtlp celle thato when ln contact with the matrixo

became odnntoblast-Iike and secreted oeteodentfn. These

cells t¡outlcl then become entrapped f n the matrix that they

Nere secreting! f n å fnanner simf lar to that of osteoblasts

i n bonæ, Thi r¡ tyFe of cel I -matr j. x i. nteractl on hae been

docurmented (Rutch 1985; Yarnamura 19F5)' Élnother explanatiÕn

may be through cell*to*cell interactions whereby the
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odontobl aEt-t i l,le ceI I s måy poËseËs sutrf ace components that

fnåy act åçi indt-tc:tng agents when they Eclfrle in contact ulith

r-eceptor-s cln prrlp ceII sur{åces. More reserar-ch is necessåry

to cjeterrni ne hclw the cel I nutmberg åre i ncreased.

Using aIt o.f the above information. È{ detailed sÊqLtcånce

r¡{ events concerninq the {ormation of osteodentin in rat

incisclr-s following AdrÍåfnycln administratlon cån be deve-

loped. cells of the basal purlp and preodontoblast region

åre llilled and å necrotic lesion iE {ormed withln 24 hourE

o{ drutg treatment. Indutced di++erentiatir:n and åËgreqåticln

of pul pat ceI I s (probabl y f I brobl as'ts and undi fferenti ated

mesenchyrnal ce11Ë of the Elrbodontoblastic celI-rlch zone)

folIowE. The synthesis and secrêtfon of cornponents of the

osteodenti n matri I'l by these newl y di f f erenti ated odontobl ast*'

I i lle cel I s i s l ni ti ated three days after the drug treatment.

The mi neral i r at i r:n and mai ntenance o{ th Í s osteodent i n

cleposit is tl-re {inaI step in this Eequence. Odorltoblast*Iike

cells are added and the deposf t grows. eventual).y to cofilp-

letely occlt-tde the entire pulP chamber (t¡.arim and Eddy

1?94) , This seclLtence f g ån expanslon o{ that proposed by

l{ar-im (19BSb) which pår-¿rlteled the seqLtEncË developed by

Bernich: (19â6) çoncernlng oEteodentin produtction in qutinea

pir¡5.
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Al tral i ne Fh.qe.pltaLe:ie*-Êçlly¡*il¿* g¡[ Adri aCIvci n-treatFd-

E-ul-p-l"e-lÀç-

As presented in the resutlts. the celIs äsËociated with

the osteodenti n matri x, the odontobl ast*I i þ;e cel l s" e>lhl bi t-

ed ån altered alkatine phosphatase actívity to that seËn in

urntreated pLiI p cel l s. The puI paI f f brcrbl asts 1n the treated

sections dernonstrated activity that wå5 the såme å6 that

seen 1n the ltntreated or normal pulpai materfal. Howevert

in the åreå of the developing osteodentin deposit (in the

apical putlp), very few or no sutbodontoblastic f ibroblasts

were observed, This wås espÊcialiy evident in the sectionE

from the pulps five and ËEVen days {ollowing Adriåmycln

adminlstration. The odontoblast-like cells on the periphery

of the osteodentin were immediately adjacent to the odonto*

blast Iayer. with no nther celIs present betuleen the twcl

celI types. This has also been observed by I'larlm (irl

preparatton). The Eites o{ activity o{ these odontoblasit-

I i ke cel I s cI osel y resembl ed those of other publ i shed

report* concerninç orJontoblasts,

The Iocal iration of AFase activity in the odontoblast-

1iþ;e celIs wås limited to vesicles and to the cell rnem-

branes, When incutt¡ated in mediutrn 3. whiclr contained Ieva-

miSoIe, ån inhibitor s,peci{ic for APase. tfre reaction Ën the

ceII rnembranes wås redurced, åncJ ét emaller- nurnber of vesicle¡s

showlnq reactinn werË present. This corresponds to reEutlts

that other resear-chers helVe foutnd rËqårdi¡ç odontoblasts,
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14ost stutclies trave {oltnd the e:nzyrnÊl cll'ì the ceII mernbråneË

(l-'larrls 19ü(l; Yos,h:il*:i and þ.Ltrahashi It)7Ii Leonard and

F'rcrventa 1ç7f,i Larssgn t9731 Tåliårlö et a1 1?Bé) butt Ëofne

lrave fãeen it åEsclcf ated with vesicles within the odonto*

bI agtE (Yoshi ki and l'.utr-ahasi L97t¿ Granström et aI t974"

Ëranstr öm and l-i nde 1981 I Granstr öm 1984 ) . Some reports

aIso have shown AFase åctivity on extracelIutlar vesicIes and

col lågËn {Íbres within the predentin matrix (Larsgon 1973¡

Orarns and Snibson tq3?; Takano et ål 19Êó). In the present

str-rdy,, APase acti vl ty wi thi n the rnatri x hrås åËsoci ated wi th

ceI I uI ar membranes ( Fi gutres ?6, 28 ) . butt not ¡li th components

o{ the matrix.
2+ 3+

The Pl'ð -oCa *ATFase localiration in the odontoblast-

I i lce cel 1s t4c1s aI so si mi I ar to pub I l shed reports concÉrni nË

odnntoblar¡tic ËnzyfnË activity. Organelles o{ the secretory

patl'rulay (the granttlar ER, vesicles" ånd secretion granutles)

demonstrated moderate to lreavy reactions. Althoutçh nc)

reåction Nås visible in àsËoËiation with the Golgi åFpårå-

tr-rs. i t cannot be rutl ed oltt ä5 å si te { or enl yme act i vi ty.

The lack of nbserved reåctiorr måy be due to the level o{

sectionfng, i.F.., the såcct-tJes dempnst.ratinq the activity

were curt scl às to resembl e veEi cI eE. The cel I rnembrånes and

mr-rltive+sict-tIar bodies (MVBs) also e:rlribited some enlyñle

acLivity that wås not inhibited by levamisole. These

reHLrlts wer'Ë consistent throt-rqlroutt the seven day observation

¡:eriocl. i.e.,, the odpntoblast-Iille ceIIs thr-ee days a{ter
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Adr-Íarnycin t-reatment cjemcrnstr-at-ecJ the $årtìE sites o{ activity

ås those {ive anci seven tJays a{ter the treatment. The only

difference observeci wå:3 in the nutrnber of Ëecretion qranules

visible in the odclntoblast-1Í1.:e cellr:. Tl-le nLrmber o{

granutles wåË çreåter in the seven clay sections than in the

three day or the {ive day sections, This mäy be related to

the lncreased size o.f the osteodentin deposit or the in-

creased mÍner,åli;ation of the ntatri;<- The Ltse o{ two

different sets of incutbatÍon media (See Materials ånd

l"lethods) also dfd not make å di++Ërence 1n the localization

of the entyme. Ftather, the results of the sections from

qrctLtp E äËtËd åEi å con{lrrnatlon o{ the observations made on

group:i C and D. l'1owever", the increased time of incutbation

prodLtced sÐme urnique reçiultB. The rpaction intenaity on

most enz yfne-åct i ve organel I es wås, Í ncreased. butt the reäc-

'EÍnn ctrì the g¡anlt lar ER wå5, tJecreased or absent in tþe

ËroLrps i ncutbatecj I onçe¡ than 30 mi nutteE (Fi gutres 39n 42) .

It iç unknown what fnåy have cåutsied tþis to clccLtrr butt we

speculate that it måy be due to f nactivatf on o'f the' Ënu yfne

En the qranutlar ER thror-rçh the increased expclsLtre to the

ingredie¡ts¡ o'f the¡ mediao or- throutçh the depletion of
i+ ?+

activators (M,l anr-l Ca ions) in the itrculbation media'

The above resttlts åçlre€: with otlrer- reports of IocaIi¡a-
!+ i+

t i nn o{ l"lq -. (-ìa *ATFase i n odontob I asts. SeverEr¡n ( 1çóË.

LgTt) shgwed tlrat tfre act-ivity of the odclrrtoblå5ts wå5 found
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on the cell mernbr-ånFs,, This wa=, cr:n{irmecl by l"lesser et aI

(LS7E) ursinç b:[ochemir:41 fneans, Ënzytne activity wås cl emon-'

strated v'rithin the tooth gerrn by Yoshimutr"a and Sutzul<i

(1975)" Epeci{ica11y in the rnicrosorne {raction consist:inç r:{

endopl asmi c reti cutl utrn and GoI gi body membråne=,. Grarrstr-cim

and Linde,, in å nltrnber o{ påpË'rs" proved the existence cl{

the ATPase Ín odontoblasts (GranEtr'öm and LÍrrde t976, Ig77r,

and also localized it to vesiclt*s in the Golgi region LtsilrtJ

histochernical (Granström et aI tqTE; Lf nde and Gr-anstrcim

t97A) and biochemical meånÉ (Eranström and Linde 19811

Branström 1984). They did not obsËrve any activity on the

MVB6 wi thi n the odontobl astE t-rsi ng hf stochemi stry (Granström

et at 1978). br-tt the activity 'from the rnfcrosomal fractinns

fnäy be in part from t",he MVFs" Thf s activity åssociated with

the MVÊs is probably due to the presËncË of hydrolytic

ATFaseE in these strutctures. ,äs wåË disct-tËised prëvioutsly

wi th respect to non*mi neral i z I rrr¡ ceI I s. Granstr tim et al

also {outnrj no activfty on the cetl rnernbrånesr histr:chemically

nor biochemically" althouqh in the present stlrdy' using the

sëìñìe :lnclrbation rnedia, ËOfnË activlty t^JËlsi ËËen (Figltre 3?)'

Tlris rnay be e>lplained tl-rroutgtt the prclceËË of exocytosis of

the cn¡tents o{ the secret i on €rLcnt-tL es and vesi c } es. whereby

their ¡rernbrånÉr;i wolrlrJ be absorberJ by the linriting tnernbranes

nf the cel I . The en¡ yrne woutl d be I ocal Í z ed to these mem-

braneçi. althot-rç¡l-r it rnåy not have {å ËpËci'fÍr- ft-tnction, Eìcrrne

of the rnefnbr¿ìrìÊ material is reEorbed by coated veEicles to
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måintain celluta¡ membrane str-ltctutr-e (AIberts et aI 1c/$J).

ancJ thuts, the reactimn o'f the cer11 menlbranes and coated

vesicles måy be ån artifact dure to norrnåI cellutlar processses

rat.her than ån indication o{ enzyrne Äctivlty. Another'

i nteresti ng poi nt i s that Taþrano et aI ( 198ó) obse¡ved ncl

ATPase åctfvity on gdontoblastsr Yêt this sturdyr FmPloyinrS

the lncutbation medía described by them (with ellght modifi-

cations). hås foutnd the activity to be qurite distinct in

åssociatfon with odontobtast-I i þ;e ceI Is. Other lnvestigators

have f outnd ATFases on other hard ti ssute-produtci ng cel 1En

st-rch åË ameloblasts (Crenshaw and Takano 1982; Taltano et aI

199ó¡ Sasakf and Garant 1?Bó) and cementobl asts (GranstriJrn

198î), burt not in the sarne sutbcellular sltes å5 Ín the

odontob I agt-l i ke cel I s.

A nutmber of cells foutnd within the matrlx were gËen to

be degenerating" probably thr-outgl-r å delayed actf on of

Adriamycin. These celle also pol5Ëesised sc¡me alkaline

phosphatase activity, althoutgh it wås not determined i+ it
!+ 1+

tlåË APase or Mq - n Ca *ATFase. The react i on was restr i ct'ed

to the vacutol es wi thi n the cei I and the cel I mernbrånÊs.

This iE conEiçtent with the resutlts of Orarns (198J). The

degenerati¡ç cells in his study wepe witþin ån irreçular'.

osteodentinal-type nratri;< {oIlowing cyclophosphamitJe acltnin-

i strati on. No expl anati on f or thi s acti vi ty t4å5 o'f f ered 'hty

Oramç, burt He believe that it filåy be related tcr the presenc{*
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öf å form cr{ alltaline phosphatase in the Iysosornes clr- MVBs

n{ tlrese t:eIlg. r¡hich wot-t1d becc¡me qur ite evident dltring

åLrtolysis of the celIs.

Fackçroutnd reaction wå5 evident in the sectit¡ns inclt-

ba.becl .for- longer than 30 minutes (Figures 3?r 43-45)" and

Eomet i mes wås present af ter on I y 3() mi nuttes o{ i ncutbat i on

(Fi gure 4t) . Thi E reacti on Hås t.ri despread throuçhor-tt the

trytclplasm of the ce1ls" br-rt Nås not specí{ic {or åny orgån*

el 1e. Thi s bacÞ;ground wås aI so present clvËr the rnatri >l i n

Eections from Ëroup E (lncutbated in the media o{ Tallano et

åI 198ó). butt h,ås, not observed in those f rom group D (media

of Granström et al 1978). The backgrEund stain in the

matri>l wås again not spÊcif ic for åny structlrre. Areas of

heavy reaction wfåre presumed to be cell prr:ces's within the

matr i x . The act i vi ty wåËi ei ther åssoË i atecJ w j. th the secr-e*

tion granur Les anrJ the r:e11 rnembranes of the PrclcËËs (Figutres

45, 44a. c) or with the cell fnernbrånes åIon€r (Ff gutre 44b,

45 ) . Another i nterest i rrg observat i on wås that the bac l::.-

grournd reaction in sectione'frorn ËroLtp E that NerÉ inct-tbated

in the prËËËncp of levamisole wås less than that sgen in

::ections frorn Èroup D incutbatecJ in the absence of levamisole.

Altlroutgh the irrcutbation tirne wå5 lonqer {or the ËroLlp D

sections. the elic6;ss reaction rnåy be due to å low leverl

activity n'f AFase in the cytoplasrn of the cel.[s.

l-.leat i ¡acti vati on of the enzyme pri or to i nclth.lati on i n

rnedilrnr i waç; not cìH ef{ective åsi that Ëeert in tl-le cnrrtr"c¡l
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spcrcirnens. Sorne reaction precipitate wås seen on the

granurL ar ER o{ snme odontob l ast-I l h:e ce1 1 s, ËËpec i al } y af ter

incurbation f or Ionger than 30 minutes (Figure 40). Thf e måty

indicate activity of ån enzyme that ie not heat labileu butt

no surbetrate (ATP) was in the incutbation media" This

prËcfpitate u¡as most likely due to ån adherence o+ the metal

lonE of the media to the nuËIË1c acfds o{ the rfbosomest

whlch waË also obrerved by Granetröm et aI (19781).

The acti vt ty åssclci ated wt th rnl tachondri aI membranee

seen 1n normal pul paI f f brob I asts tÀ¡ås not preeent 1n the

odontoblast-Ifke ceIIs. Mitochondria {n fibrclblaete of the

drug-treated pulps exhiblted activity slmflar to that of the

control cel I s'o but no acti vi ty tlås¡ sËen Ën mf tochondri a i n

odontoblaet-I fke cel 1s. regardlees o{ the incubatlon media

used. Thls activity wås present in odontoblaetE in the

str-rdy by Eranstrtjm et al (1978) " and wås' lnhibf ted by the

preËence of ouabain in the reactlon mediutm, indfcatfng that
++

the activity wäs due to å Na -rl.{ -ATFaee. Thi.s abeence of

activity may be due to the direct fnhibition o{ the enryme

by AdrÍamycÍn (6osalvez et al IqTq) or the effect of the

drt-rg LrpËn mltochondrial functlon (Ferrero et aI 1976i Combs

et al L977) which måy in turn inhibft the enzyme' A metabo-

Iite o{ the drutg may be taken Ltp by these celIs" whích would

be susceptible to its effects (possfbly celIE at the 6
I

stage in the cell cycle), and i.t måy dlrectly nffEct the

mitorhondria and'hhelr functlons'



EIB.

It has been llnown for somÊå tÍrne that chelating agents,

especially those Ltsed åti rlemf 11 ërå1:lr:inç chemicalsr cån have

ån inhibitory el.f{ect Ltport .alkaline phosphatases. EDTA and

EËTA åre two cnmmonly ltsed chelatorç that have been shown to

ínhibit both the AFase (Magnrtsson et aI L974; Magnusson and

Linde.tgT4¡ Granström and Linde Lr!.76, Ig77l Shapiro and
:+ 2+

EoIub 1981) and I'lg -, Ëa -ATFase c¡f odontoblasts (Magnusson

ånd Linde t974; Granström and Linde L9761 1977i Granström

1984). It fs believed that the chelating effect removeei
2+

cations necessàry for the activation o{ the ATPase (Mg

î+
Ca and f or the prclper f utnction o{ the APase, EDTA has

*1eo been {ound to bi nd di rectl y 'Lo the Ënzyrne-Ëutbstrate

comple>l o{ APase ([^JaIlace and l.o 1964) and måy inhibit it

f r-rrther. The present str-rdy hars shown that siofne i nhi bi ti on

is Ëeen Ín sections demineralised prior to fncubatfon

(Figurres 33n 37). The reaction is noticeably less Íntense

than that se6n i n other secti ons i ncutbatecl wf th speci f f c

inhibitors (FÍgurres 34, 35), Ëven a"f ter reactivatf on in å
2+

soluticln containing Mg ions, the enlyffle activity t/',å5 not

ås intense åÊå previoltsIy observed.

Althourqh tlre rnaterial in groLlp E was demineralized

using EDTA and wåF not reåctivated" tlre enlyfne activity from

both íncurbatÍmn timee wåE qutite distinct. These results

s¡rqgest that i.f ttre EDTA had ån e'ffect Ltpon the enzymes{

the

and
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their activÍty Hå5 very hiqh in these cells prior to de*

rni¡lerali¡ation. In the original investiqatian (Tal,:ano et al

198ó), the såfne nrethods (EDTA demineråIízation'foliowed by

incurbation) yielded very dístinct results dernonEtrating

ATFage activity on ameloblasts, However. they were unable

to observe åny reaction on the odontoblasts. This måy

indicate that the ATPaEe o{ ameloblasts 1s reeistant to EDTA

inhibftfon, which is consistent wfth results of other

researchers (Magnusson et aI L974; Magnusson and Linde

I974r" The alight modificaton made in the present sturdy

(the lowering o{ the pl-1 of the media Ín order to avof d

precipitation) rnåy have played a role in the retained

actlvity on the odontoblast-IÍke celIs. It fs poøslbIe
!+ 2+

that the l"lq -oCa -ATFase o'f theee cellE poeseesed optimum

activlty at a slightiy Iower- but stiII alkallne pH value.

Sílln f { t cance of Al Èered AI kAI i ne nftospnatase nc

The alkaline phosphatase activity of the odontoblaEt-

1Íþle cells is signi{icant in that it is ån indication that

these cells rnåy be involved in the mineralization of the

osteodenti n rnatri:< . Thi s al so i s .ãn i ndi cati on that thei r

precLrr=,or ceIIs. probably ceIls of tl-re subodotoblastic zonet

lrave changed {rorn nc¡n-mi neral i z i ng ti ssute cel I ç to those

capable of the the production and suhrsequent calcification

of å harrJ tisEt-te matri;'t. The resurlts of thiE stutdy also
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phatase, Ðr rnclre sPeci'ti

and mi neral i z at i on '

90.

theor-ies r-egarding aIl<aIine pl-tos-
:+ 2+

c aI I y AF ase and Mq -, Ca --ATFase,

The role o{ AFase in the mineral i:ation r:{ tissuteE has

yÊt to be conclursively determined. althour¡h several possible

actions have been proposed. The hydrolysis o{ phosphate

egters to Iiberate Ínorganic phosphate (Pi) and thus in-

ËreaËe the local Fi concentration at calcificatfon sites wå5

the first role attributecJ to aIþ;aIine phosphatase (Robison

1933). It is believed that once the Pi concentration

reaches å certain level, it contributes to the rnlneraliza-

tion pröcÊËts through the {ormation o{ hydroxyapatite crys-

tals. Most of the research cln this role of the enzyme

cclncernË rnatrix vesicle-metjinted rnineral i¡ation whereby the

mernbrane*bc¡utnd Énu yfne breaks down the phosphate esters to

FrepårË the tíssue for calci{ication, The matrix vesicle

becomes the nucleating síte for tl-re initial crystaL forma-

tion (Ali et a1 Ig7Õl Majesh:a and Wurthipr 1975)" Althot-tr¡h

no matrix vesicles were observed in the osteodentin tissue

in the present sturjy. the activity of APase on the cell

membranes indlcate that this fnåy indeed be å role of the

enï yrnË when the odclntob I ast-l i þ;e cpl I s are near the rni neral -

iration front. The tisslte immediately sltrroutnding these

cells wourld becorne míneralired and the cells wartld be

trappeclr ås seen irr this stltdy.



9i"

Anc¡tl-ler- posç;ibIe role for the AFase o'f the odorttoblast-

lihe cells rnäy be to l-rydroly:e phosphate esters that act ågi

crystal gr-owth inhibitors. This thenry, putt {orward by

Neutrnan et aI 1n å series o{ påpers (1951" I958' 19áCr. 19ó1.;

Fleisch L9à4) states that AFase fnåy break down certain

phoephate esters. notably ATP and inorganic pyrophosphate

(FF'i), that retard or inhibit the growth of hydroxyåpåtitÉ

crystal s ¿rnd the ËLtbsequent mi neral i z at i on of the t Í ssues.

The odontoblast-Ilt¿e cells måy employ this action to elimit

nate the inhibitors while å1Ëo increasing the local Pi

concentration to aid in the cryståI forrnation of the osteo-

denti n måtrix.

The AFage ensyrne has also been proposed ås a cotnponent

i n the regurl ati on of cel I di'f {erenti ati on or cel I f uncti orl

(l3hapÍro and GoIurb 1981; hlutthier and Register 1985), As

mentionecJ previously with the non-rnineral izínç pulp cel Ist

litt1e evidence wås foltnd in this stt-trJy to ef ther st-tpport þr

ctppose thi s theory, aI thouqh no hard ti ssure-prodr-tcf ng ceI l s

observed undergoing differentiation had qreater APase

activítieE than those already differentiated.

RecentIy. å new role for alllaline phosphatase has been

postulatecJ. A glycoprotein al:a exhibits al kaI ine phos-
¡ÈT

phatase activity and binds Ca ions has been discovered fn

cartilaqe matri:< vesicles (de Bernard et al 1985. 198ó). It
2+ 2+

is unl": rrown if this "new" enzyme is ån AFase or M'¡ -rCa

ATFase. burt, it ts inhibited by p-bromolevamisole. a 5p€]ci"fic



irrhibitor o{ APaEe (de Eernard et al 1985). This new rcrle,
I+

åË å (].4 -bindinq protein" when cornbinetj with å role postur-

latecj by Reith (1983)" måy help sherd IÍ'lht on the action of

AFase in rnineralized tissule. Reith stated that calciutm fnåy

be bourncj to certain cårriers irltrinsic t6 the limiting

rnembranes of rnineralized tissue-produtcing ce115" ËpÉci{icaIly

ameloblasts, and transported frorn one end of the ce1I to the

åreå at which calcif lcation ís tattinq F1åce. Since de

Ëernard's "new" APase f s mernbråne bound (de Bernard Ët aI

1985), it måy be the carrier that Reith proposed. As we]1.

AFase can be {outnd on the fnembrånes o.f most hard tissue

cel I E. Thuts th i s new rol e o{ AFase may be transcel I ltl ar

cåI ci Lrm transport, f rom one end of the cel I ! tlJhËrË i t i s

taþ;en Lrp and boutnd to this enryrnp, to the other" wherÊ

mineralization is talting place. There'fore, the odontoblast-

lil-,:e ceIIs. eilhibitinç sornÊ AFase actfvi'by along their

membrånes,, rnåy employ thÍs function to aid in the míneral-

iration o{ the osteodentln matri>1.

I n contrast to AFase. the rÕI e o'F Mg -, Ca -ATPase i n

tl-re minerali¡ation o{ tissutesr eËPeciaIly dental tissuteso is

fnore de.finecJ. As previously discussed, this enzyfne is

tlror-tçht to.1ct å5 å "calciLtm PLlmp" which would operate to

i ncrease ttre cclncentrati on of cal ci um wi thi n sutbcel l ul ar clr

e¡ltracellurlar strr-rctutres o{ rnineralizina tissutes (Anderson

Iq73; Gr-anström and Linde 1?El¡ Sasal'li and 6arant 1tBó)"

2.+1+
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Mr-rch of the investigation into tlris 'futnction of the enzyme

ha5 involved e:<tracelIutlar mat¡ix vesicles (Anderson I973i

LarEs,on 1973¡ Bonurcci 19834). Calciurrn ions rnåy be transported

åcross the membrånes o{ veEic}es by these enlymes that woutld

be dependent upon ATF fcrr their Ënergy (Ali ånd Evans t973i
?+

Våänänen 1980 ) . The accutrnul at i on of Ca I ons woul d reach å

leveI where, along wÍth the increased Pl levels contribltted

by AFase " hydrox yapat i te crystal s wot-tI d f orm. The i ncrease

1n size of theEe crystals wor-rld cåLrse the rnembraned vesicles

to rupture, and the crystâls. e>tposed to the extracellular

rnatrix which has nåtLträl1y hiqh Ievels Ëf calciutm and

phosphate" wot-tIrJ continute to qrow to their norfnål length

(Anderson 1973).

An ATPase havi ng the Ëårne qutal i ti es åË thi s cal ci um

pump has aI so been å55oc i atecj wf th Becretclry åmeI clb I asts.

it haE been f ournd on the ce}l rnernbrånes and Tomes protr€rËsEs

(Crenshaw and Tal,;ano 1982; Sagah:i and Garant 1986) and

within the ËoIgi cisternae and secretory vesicles o{ theEe

ceIIs (Taþ;ano et å1 1986). Crenshaw and Tallano (1982)

belteve thits pLgltp is respÕnsible for the reçurlation of

calcium transport throurgh secretory ameloblasts to the

developing enamel matrix'
t+ î+

The rÊcognition o{ å Mg --|'Cå *ATFage in odÖntoblasts

wËtË rnaÍnly dlte tcl the worl.: t:{ ßransitröm et aL In å series

of påpËrE <Lq76, L977, 1ç78. Ig79i Linde 1981; Granström

1984), these LqLtthorrs tJiscovered and characterired this
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As discuEsed prevfoutsly, they also IocaI lzed ft

withfn oduntoblastE urø1ng hiEtnchemical and biochemical
2+ 2+

techniques, The role o4 the Mg -rCa -ATPase in odonto-

blasts. according to themo is transmembraneous transpart o{
2+

Ca fons (Granström and Linde I97Ar" Odontoblastfc intra*

ceI I uI år ve:ii c I es demonstrat i ng Ënu yrne act i vi ty wËre f ound
?+

to have ån ATF*dependent uptake of Ëa ioner whfch Ëclrre-

eponds to the propoeed åctfon clf the enzymÊ on thece struc-

tures (Branetröm and Linde 1981). Futrther evfdence has

ehown that the enzyfneo along wíth AFaee¡ måY have two

actione within the odontoblaEts, Two populatfone of vesicles

may be preaent 1n the cello "clne involved 1n intracellutlar
2+

Ëa homeoetaei e and the other i. n promot i ng ËX tråcel I utl ar

rnfnerali¡ation" (Granstrcjm 1984). Lfnde has {urther sFecu-

lated that the role of the enzyme in calcificatfon måy

be one of two posei bf I i ti es, The I ntracel I utl ar veai cl ËË måy
î+

accumulate and concentrate the Ca fonE, and then transport

them to the mfneralization {ront" Where they woLtld be uEed

in the formation o{ hydroxyapatfte crystalø" The second

porsible role would be that the vesicles mäy contain somË

grganlc cofnponÉnt that acts ås a template {or mfneral

nucleatlon. These vesicleË or secretion granutlËË mäy be

transpprted to the rni neral i z at I on 'f ront where cryrtal growth

woutl d c¡ccLtr (Ll nde 1981 ) .

The resurlts cl{ the present study eutpport the role o{
?+ ?+'

the r,lg -oca -ATFaee ae ourtlined by Ër'anström et aI ' The
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IocalÍzation o'f the enu yrne on the componente o{ the

secretory pathway, Ëg,peci aI 1y the granul ar ERr t^¿ot-tI d i ndi -
2+

cate that Ca lons r erË being taken Ltp {r'om the cell 
"

possibly åË å form o{ horneostagis' The synthesis of
?+

proteins in the granutlar ËR måy require some o{ the Ca

ione that were tah:en up from the ce1I cytopl,asm. In the

GoIgi apparatuso thiE calcfum måy be concentrated¡ and the

proteins. posalbl.y coll.åËen prêctlrsorsF may be seeded with

calclum, The GoIgi apparatus måy Õr måy not take in fnore

cå} c I um i depend i nq Ltpon the ex f stence of the ATPasíe on i ts

rnembranee, whtch wås not concluefvely determfned in thie

study. The eecretlon grånLlleBr havlng the en¡yme bound to

their membranes, may be transported through the ce1I and
?+

cell prctcesËes, constantly accumulating rnore Ca lons and

fncreasing the cåIcíLtrn concentration åsiËoclated wfth the

protefn component. llJhen transported out o{ the celIr thie

component måy act å6 the template for the mfneral nutcleating

mechanisrn. Ëalci{lcation foci, IÍke those seen 1n Figure

3Ëo would be created ånd minerallzatlon o{ the oeteodentln

woul d proceed. The f ntracel l utl ar vesi cI es rnäy accurnul ate
3+

Ea íons from the celIs via the enzyrnatic "cålcium pump""

and transport the calclum out of the cell to aid in calcium

horneostasts. Eoth of these procedures woutld result in the

membranæs of the væefclee and secretlon granutles being

absorbed by the ceil tnembranes be{ore belng reeorbed by
7+ 2+

coatæd vesl c l es of the ce1 L Thus the Mtl * r Ea -ATFase
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wolrld be associated with the membränes and the coated

vesÍcles¡ aE seËn 1n Fi,¡uree 390 42, and 45, althoutgh it måy

ncl longer have ån active functlon.

The above ËeqLtence is sutpported by the worh: of HöhIf ng

ancl Fromme (1?84)" Using radioautographY¡ they Iocalized
45 7+

Ea withf n the çranutlar En o{ odontoblasts ICI rninLttes

foI lowing inJection. The tabelled lons Were followed ås

they rnoved thror-tgh the Goigí apparatus and odotoblastic

prclcesËesi and were {ound exclusively fn tl-re mineralized

dentin ? houre after fnJectlon. Other studiee (Nagaf and

Frank 1974; ReJ.th L976) also support thfs propoced EequËnce,

In {actu Relth (L976} demonetrated boltnd calcium 1n seËre-

tion granulee of the ËoIgi regÍon ånd the dfstal part Ef the

odontoblast, corresponding to the Iocali¡ation of the enzyme

to secretion granules in the såme sites in the odontoblast-

like celIs,
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2+ 2+
The exietenc:F of both AFase arrd l-4ç *'nca -ATFase on

the odontoblasit*1il':e ceIls, o{ the osteodentin matrl:< has

been establiEhed in the present stt.tdy' AIkaIine phosphatase

is o{ten ursed ås å rnarl*:er for osteoindutctive cells (Nlodarsl': i

and Reddi 198ó). and it is also ÂS5crciated with cells

involved in the mineral irat:ion o{ dentin (Linde 1981. 1982.

1gBsa). Ther-efcrrer the odontoblast-Iil<e cells not only

synthesi re components o{ the r:steodenti n rnatri x (tr.ari m and

Fytypas 196å). but they also åppÊår to be involved in the

rnineraliration o{ this rnatri>1. The odontoblast-IÍke ceIls

ånd ostec¡dentin måtrilr rnåy also be used ås å model f or the

sturdy ö{ the many aspects of harcj tf ss1.te {ormatÍonr e6pe-

ci aI I y thöse n{ denti noqenesf s,
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9.qÀu!-l-ena

@
?7" {r:rmaldehyde in ().15 M cacodylate but{{er'" pH 7.2

corrtairrinq 1.5 mM ATP (sodium salt)

I ncutbat i on so1 utt i-ons

Granström et aI ( 1978) : 30 ml"l Tris*Maleate bu{f er'
PH ?.S

'+

1()(l rnl"l Na ( r:h I or i de sa i t )

+
l3() ml'4 Pi (r:hloride salt)

2+
3 mM Ca (chloride salt)
5 mH ATF ( eod f urm E¿rl t )

5 ml"l Cadmiltm acetate

The f i nal pH o{ the sol ut i on wåË ad j r-tsted to 9. 3.

Tah:ano et aL (198ó)l Bt) rnM Trís-MaIeate but{fer' pH E'3
l+

3 ml'l Ca (cl-rloritle salt)
L nrM ATF ( scrd i t-un sa I t )

f, ml'4 Iead citrate
B'l g I t-tcose

The f inal pH o'f the soluttion Hås adjr-rsted to 9.4, 5o å5

to avoi tJ prec I p i tat i on .

L ise-d!"t-o-*"E!h.v I e n sg!¡i:L1L¡-ur sL-Ë!-t ê-å åÊ!-å!e*l-E-ÐJêl-

41.T Ë EDTA
4.4 Ð NaCIl-{ pe1 l ets
(1"25 M (Ê5.6 g) sucrc::åe

Tlre above chernÍca]s were placerJ in å volumetric {1as[':

with clistiiled w¿rter- and heatecj r.rnti.I the ç;oluttes dissolved.

The çç¡lurt:ion wËìs ccloled to r(fclnr t-emperatulre and water added

to make 1()OO mL
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pei['!-çtfl]*ÏElJ:ert i as

?-1 q Osmí urn tetrox f rJe arnpoutl es were mi xed wi th ltl(r ml

o{ dÍsti I ted water to make å ?'l osmiurn tetroxide åquÊoLlË

stoc [r so1 utt Í on .

Epon [i>tture

Stnck soI uttl t¡n A

Epon resin 813," "..'á4 mI
DDSA 1t)0 mI

Stoc k so I r-rt i on B

Epon resí l-t 81?. . . . . lt)tl mI
NMA. .89 ml

Ff naI sol utt i on

$olution 4...!¡'!¡ ".5 Parte
Solution 8.... .5 Parts
DMP-3{I r¡¡¡!....2L

Adrlamv-Çin (DltxorubiË1n Hvdrochlof ide)

1(r rnü in S mt physfological ealfne ((1,O97.)

Tlre concentration of the drutg is ? mg/mlr and the dose

level is 5, Cr rng/t';g¡ there{ore each animal recef ved ån

injection of åpprct>(imately 0.OB mI containinr¡ O"15 mg o{

Adriamycin.

Stei nE

ha¡Y-}--Êse.!-ate.

4 0 o{ urr.anyl acetate was di srsol ved i n 1()Ö ml o{ 7.:t'l

o
ethyl alcohc¡1. at rclorn temperatur'Ër and etored at 4 C.

[_e$-d*çLgrate

Thle etafn wêsi prepnred according to Ë' S, Reynoldø

(I9å3).
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F i rrurs--!

Df agram showi nç å l ongí tudi nal secti on c¡f the mandí br-tl ar rat
incisor, gchematical Iy dernonstrating the features relevant
to the present stt-tdY.

Ap i cal , Ml dd I e. I nc i sal - åreas o{ pLll p
BP- basal pltl p
SO uone- surboclontoblastic cell-r'ich rc)r'ìe
Od- odontoblast IaYer
FD* predentin
D- dentin
Arn- amel ob I asts
E- enarnel
C- ct:tnerttuun
ApF- apical {orarnen
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Ejsucc-3

Electron micrograph o{ apical pltlp fÍbroblast. Êontrast
stained. x 1?o 6O0.
Note the I ac þ; of e;< tensi ve çranutl ar ER ( rer ) and
mitochondria (m), but the prêsençe of å GoIgi apparatus (ç).
The extracel. lutlar rnatrix Ís rnaÍnIy amorphous with very few
f f brils (f ),
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Fi qurI. e 3

EIectron mfcroqraph o{ middIe purlp fibrobIast. ËontraEt
stained. xt9r60Cs.
There is ån e:<tensivE system cl{ grant-tlar ER (rer) . A Golgi
apparatuts (g ) and vesi cl es (v) åre present wi thi n the cel I .

Note the close åEsociat:inn of the'f ibrils (f ) of the
extracellutlar rnatrix and the celIt.tIar mernbrane.
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Ers-uc,e .$"

Electron ml
¡r 1 3, 44O.
Many Eol gi
ceL l. Few
fÍbrils (f )

croqraph o.f rni dd I e pr-r1 p f i brob I ast. contraEt stai ned.

apparatuts (,:) and veslcles (v)
prof i I es of granul ar ER ( r'er )

åre present f n the amorPhouta

åre present in the
åre present. Sorne
matrÍx. c-cfliutm.

f.i rrrtLe 5

Electron microçraph of incisal pt-rlp fibroblast. Contragt stained.
x19"6O0.
lrlote the .f ibrf ls ({) selqlre:;tered in the cytoplasm and
åE,s,ociatecl wi.th tl-re rnembrane (arrowheads). The {ibrils årÊ
rrlso {outnd itr attenutated e:<tensions o{ ceIls (inset). The
fibrils o{ the rnatrix åre more numeroLlË tharl those seen in
Figurre 3. db-clense boclyi nrvb*rnurltivesict-tlar bctdy,
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Fioure å

Electron micrograph of {ibroblast from apical pLllp.
Incr-tbated in medir-tm I' No contrast etain. x38rOO0.
The reaction lndicatfng alkaline phosphatase activfty is
Ëeen over granular ER (rer), vesÍcIes (v), murltÍveElcular
bodfee (mvb), ånd mitochondria (m). The reaction c¡n the
vesicles is better Ëeen at high rnåÈni{ication (x580800) ln
I nset.
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Fi_ourre 7

Electron microqraph o{ å fibroblast from apíca1 pltlp"
Incubated in medlum 1. No contrast stain. x 28rOOO.
ThiE preparatlon demonstrates reactfon on granutlar ER (rer) t
veEÍcIes (v), and mitochondria (m).

Fi rrutre E

El ectron mi crograph clf a f l brobI ast {rom the mi ddl e putl p.
Incubated in medium 1. frlo contrast etain. x?BrOOO.
Note slight reaction cln vesicles nf ce]1 (arrowheads).

Fi qure I,

Electron micrograph o{ flbr6blaet prc,cÊçis frorn apical putlp.
Incutbated in mediutm 1. No contrast stain, x67r2ÖA'
Note the reaction on vesicles (v) and along the cell membrane
(arrowheads),
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Fiüure 1O

Electron micrographs of f ibroblaets from rniddle pulp.
Incubati on I n medi um 1.

a) Contrast staíned. xé7, t132.
b ) No contrast stai n ' x58r BOO.

The contraet etaÍning 1n a) obscuree any visible reactlon"
Sorne reaction is seen on the granular ER (rer) and the
mitochondrf a (nr) burt not on the Éolgi apparatus (,1) f n b) '
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Fi oure 1 I

Electron mfcrograph of {ibroblast {rom middle puIF,
Incubated 1n medlum 1. No contrast Etain. x5Oo4OO.
The reaction 1s aseociated with the mitochondrfa (m) r and
multfveEicular bodies (mvb). SIfght reactfon fs seen cln
granular ER (large arrowheads) and cel.luIar rnernbranee (smaI l
arrowheads) .

figurre 1ã

Electron mlcrograph of åreå from middle putLp.
Incubated in medittm 1. No contrast stain. x50¡4O0.
Note the sporadic reaction along the rnembraned structures
(arrowheads), and å definite reaction on the mitochondria (m) '
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FJqqre 13

Electron micrograph o{ {fbroblast from middle subodonto-
blastlc zone. Heat inactÍvated prlor to incubation ln
medi utm 2. No contraet stai n. >128r OO.

The reaction iç dfminiEhed or completely abeent from the
organelles o{ the ceII. rËr-BrånuIar ER; m-mitochondria¡
mvb*multivesicular body; g-GoIgf apparatue'



. j.ì!:: ; 
:rììî:i:.r 

ì ì.i .

nil",ì;lliï1..),:,. ..

. r.::-i:.:.r:::.i;r. ..
.iìi..1:;:lrrisr ' ''lltil:':lìS....:llrï¡;i

¡,'.i.:

| ::li

ï3



{ õE:
Il:.J!

Fi rrur$ 14.

Electron micrograph of flbroblast from middle putlp,
Incubated in the preeence of Ievamlsole (medium 3).
No contrast stain. x35r L12.
There ís å reaction åEsociated with the multfvesicular body
(mvb), but there is diminiehed actlvity on vesicles (v).

Fioure 15

Electron micrograph o{ ffbroblaet from middle pulp.
Incubated in the pr.es5Ënce of levamisole (medium 3)'
No contrast stai n. x 19r óOt).
There is ä reactfon åEetocfated with the granular ER (rer).
db-dense body.

Firrutfe 1å

Electron microqraph of cel l processi {rorn middle
subodontoblastic zone" Incubated fn the presence of
levamisole (medir-rm 3). Contraet stained' xé7rO32.
There is å r€¡åction on the mutltf vesÍcular body (MVB), the
vesícles (V) r and the eecretlon granutles (sg) ' Note
mi crof i l amentE i n the cel l (arrowheads) .
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Fi oure 17

Electron mlcrograph of ftbroblast {rom middle pu1P.
Incubated 1n the presence of Ievarnisole (medium 3),
No contrast staln, x1?r60O,
A reaction is seen on granular ER (rer) and vesicles (v).

Fisurre 18

Electron microqraph of {lbroblast frorn rniddle pulp.
Incubated in the presence of Ouabain (medium 4),
No contrast stain" x4?r (){)C}.

Note the reduced reactfon cln granular ER (arrowheads)r but
lack of reactÍon trn mltochclndria (m).
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F,i +urre l9

Electron micrograph of blood vessel in apical putlp.
Incubated in medium 1. No contrast staln. x2BuOOO.
A reaction le EíEen along the lumfnal tnembrane (arrowheads)
and vesi cl ee (v) neår the rnernbrane. There i s no reactl on on
the GclIgi apparatus (q).

Fi rrurre 2O

El ectron mi croqraph o{ endothel i aI cel I f r6m api cal. pLtI p

blood vessel . Incttbated in rnediutm 1. No contrast staln,
x 28, (){lo.
A reactlon fs ËËËn åssiociated with vesicLee (v) along the
abluminal ceI iular membrane. L-Iltmen.
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Figure 21

Electron micrograph of blood vessel from mlddle pulp"
Incubated i n medl um 1 . No contrast etaf n ' >t?Br t)OO.

A reactfon cån be seen õn the lurminal (arrows) and ablltminal
(arroulheads) rnernbranes. There i s aI Eo a reactÍ on Õn

veeicleE (v) and mitochondrfa (m).

Fi oure 22

Electron mfcrograph of ån endothellal ceI1 from än apical
bl ood vessel . Incubated i n medi urn 1 . No contrast stai n.
x î8, t)t)tl.
A reactfon is ËiËen on vesÍcIes (v) and on the abluminal
membrane (arrowheads) ' L-lumen
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Ei-ssrc.--eE

Electron micrpgraph o{ ån odontoblast-like cellr 3 daye
{oI t owi ng Adri amycf n admf ni etratl on " Incubated i n medi um I
No contrast stain. x25r Zt)t).
Note å reaction associated with granular ER (rer) and
rlbosomee (arrowE), There is ån absence o{ reaction on the
mi tochondri a (m) ,

Fi rrure ?$

Electron mtcrographs o{ Eecretion granuLes from odontoblaEt-
I i l,re cel l s. 3 days {oI I owi ng Adri amyci n admi ni strati on.
Contrast etained. x5Or40O.
Secretion çranutles cån be Eeen 1n the odontoblaet-Iike cells
in a) and in the curt process of the cells in b).

FÍcure 25,

Electron microçraph of osteodentin matrix, 3 days fc¡Ilowing
Adriamycin admfnistration, Incubated in medium t. Contrast
stal ned " xSOr 4tlt)'
A reactlon is associated wfth curt ce1lular extensions in the
matrfx (arrowheads). Note coIIågenous fibres of matri>l (F).
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FLrlure ?å

Electron micrograph showing cellular exteneions wfthin
osteodentin matrix, 3 days following Adrlamycin
admi nl stratl on. Incutbated i n medi ltm l. Contrast etai ned,
x 5t), 4O0.
The reaction is åE¡sociated with a secretion granule (sg) and
also wlthin the cellular Frotress (arrowheadE). Note
coI 1ågenous {lbree (F) within the matrix and microfl lamente
(mf ) wfthin å cell.ular ProceËs.

Ffoure ã7

Electron micrographs o{ cellular prËceEees within
osteodentin matri>t, 3 days followfng AdrÍamycin
admi ni etratf on. Incurbated i n medi urn 1. Ëontrast stai ned.
x 5t), 4OO,
A reactlon Ëån be Ëeen Ën eecretion granules (a) and on
multivesfcular bodÍes (b) wfthin the cellular proËesse5.

Fi rrure ?E

Electron micrograph of osteodentÍn matrix, 3 daye {ollowing
Adriamycin adminfstratlon. Contrast gtained. xSOr 4OO.
Note the cel I utl ar procesË¡eËi (P) f outnd between the
colIäqenoLrs ffbres (F) of the rnatrfx" Microfilaments (mf )

cån al so be ËËÊn wl thi n a cel I utl ar prclceÉsi'
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FicUt:e,2?,

Electron microqraph o{ odontoblast-Iike cellr S days
following Adriamycin admfnfetration. Incubated ln the
presence of levamlsole (medium 3). No contrast etain.
x25u 2OO.
A reactlon f s eeen c,n granutlar ER (rer), butt ie not preeent
on the mitochondria (m) and vesicles (v).

Fi ourre 3t)

Electron mfcrographs of odontobtast-Iike cellso 3 days
{oI I owf ng Adri amyci n adml ni stratl on. Incubated I n the
presence o{ CIutabain (mediutm 4). No contraEt stain,
>t 19. 6O0.
A reactlon cän be 5ËÊn on vesicleE (v) in å)¡ granular ER
(rer) in b) and c): and cellular membranes (arrows) fn b).
There 1e nc, reaction åssociated with mitochondria (m) in b)
and c).
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Fiqure 31

Electron micrograph showing crystals {rorn a mineralÍzed
secti on of osteodentf n matri x , 5 days fol I owi ng Adri arnyci n

administratlon. No contrast stain. :<19r6Ot).
Note the rectangular shape of the crystalE and thefr
irreqular arrangement'

Eiçure 33

Electron microçraph showfng a sectlon frorn demineralized
osteodentin matrix. 5 days {ollowing Adriamycin
adminlstratlon" Ëontrast stained. x33ró()(J.
Note the irregular arrangement of the colIåËen {ibres (F)
and the large amount of çround sutbstance between the fÍbres
of the matrix.
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F_i qFre 33

Electron micrograph of å demineralized section showing ån
odontoblaet-lfke cell in osteodentín matrfx (Od)r 5 days
{ollowing Adriamycin adrninistration" Inclthated fn medium 1"
No contragt Etafn. x2ãr?AQ.
Note the diminlehed reactlon on the granutlar ER (rer) and
the lack of reactfon on the mÍtochondrla (m).

Fi-rrr-tre 34,

Electron micrograph of ån urndemfneralised sectien showlnq ån
odontobl aet-t i ke ceI I , S days fol. I owi nç Adrl amycl n

administration, Incubated 1n the preøence o{ levamfsole
(medfum 3), No contrast stain. x33róOO,
Note the reactfon rln the granutlar ER (rer)u and the sporadic
reactlon on vesicles (arrowheads). Od-oeteodentfn.
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Fiqure 35

Electron micrograph of ån undemineralized eection showing ån
6dontoblast-I ike celI, 5 days {oI Iowing Adrlamycin adminis-
tration. Incutbated in the presence of levamfeole
(medium 3) " No contrast gtain. xãBrOOO.
A reaction ig seen on çranltlar ER (rer), veeicles (v), and
secretfon granules (sg). No reactlon fs seen on mftochon-
dria (m) or ËoIgi Eaccltles (g).

Fi 'r.ure 36

Electron micrograph o{ ån undeminerali¡ed section o{ osteo-
dentin matrix (Od) I 5 days f ollowinr¡ Adriamycin administra-
tion. Heat inactlvated prior to lncubation in rnediltm 3'. No

contragt stain. x 19r óOO.
Note abeence o{ reactfon Õn organelles of odontoblast-llke
ceI 1.

Ff r:Llre 37

Electron rnicrograph of a demineralized 5,ectlon showinq ån
odontoblast-Ilke celll in osteodentin matrÍx (Ëd)r 5 days
fol lowing Adrfamycln administration. Incubated in the
presËnce of Ouabain (medium 4). No contrast stain. x33róOO.
Note the redttced reaction on the granltlar ER (rer), and the
absence of reacti on cln the mi tochondri a (m) .
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Ejsrtr:elEl

Electron micrograph of ån undernineralized sectfon showing
oetendentin, 7 days following Adrfarnycin adminfEtration.
Incutbated 1n rnediurm 1. No contrast stain. x 19r áOO.

Both the míneralized (MOd) and utnminerallzed (Od) portfons
n{ the c¡steodentin matri¡l cån be E'een. Minerallzation foci
(arrows) are å5ËËciated with colIaËen {tbres of the matrfx'
The odontoblast-Líke celIs (fnset) sho¡¡ reactfon on the
granul ar ER (rer ) , burt not on the mi tochondrl a (rn) .
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Fl qure- 39

Electron micrograph of än odontoblast-like celLr 7 dayø
f of I ou,ri ng Adri amyci n admf nf atratl on. Incubated i n medi um I
{ or 6O mi nuttes ' No contrast Etai n . x ?8 r Ot)t),
There is a reaction on veelcles (v) and along the celiular
rnernbrane (arrowheads). Reaction is f ntense on Eecretion
granules (sgi lnset x33uóO0). A reactfon on granular ER
(rer) lç not vislbLe and irs absent cln mitochondria (m) '
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Fi gures 40-45 äre eecti ons f rom materl al l ncr-rbated t n rnedi a
deecribed by Takano et al (198å)"

Firrqre 40

Electron micrograph of ån odontoblaet-like ceI1" 7 daye
foltowing Adriamycln adminfstration, Heat inactfvated prlor
to incurbation 1n medÍutm 2. No contrast etain' >135r ?t!t0.
Note the reduced reaction along the granular ER (rer).

Fi rrqre 41

Electron mfcrograph o{ odontoblaet*like cells and
osteodentin matrix (Od)r 7 days followinq Adrfamycin
admfnístration. Incubated in the preËencË o{ levamisole
(medfum 3). No contrast stain. >llóoBO0.
A reaction is åEËiEciated with Eecretton r¡ranuleri (ug) r and
the cel I ul ar rnembrane (arrowheads) .
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Fi qure 42

EIectrgn mÍcrograph ehowing ån odontoblast-Ilke ce!1 1n
osteodentin matrfx (Od)r 7 days following Adriamycin
adminfstratíon. Incubated in the presencÊ o{ levamisole
(medi um 3) f or 50 mi nutes. No contrast stai n. >133r åOO.
A reaction is seËn åssoËiated with secretion granutlea (sq)
vegi cl es (vi i nset x58, 8t)O) r and cel L ul ar membranes
(arrowheads) , A reactf on cln the granutl ar ER (rer ) f E not
vieible.
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Fi cUr:e 4J

Electron nrfcrograph of ån odontobIast-Iike celI proceËs
within osteodentin matrix (Od) i 7 days following Adriamycin
adminietratfon. Incubated fn the presence o{ levamisole
(medfum 3) for 50 mfnuteç. No contrast staln" x24rOO0.
The reactlon is seen åsglociated wlth secretion granrtlee (sg)
in the process.

Fi outre 44

Electron mlcrographs of sectlons o{ ogteodentfn matrix (Od) t
7 daye foIIowÍng Adriamycin ådmlnlstratf on. Incr-rbated 1n
the FreciëncË of levamieole (rnedfutm 3) for 5(l minuttes. No
contrast staÍ n. x33, åOO,
A reaction can be seen cln å secretion granule (sg) in a
cellular procesË (a), and on celIuIar proËesses (arrows)
wtthín the matrix (b and c).

Fi uur,e 45

Electron mlcrograph o{ ån odontoblast-like celln 7 days
{ot I owl ng Adri amycf n admf ni strati on, Incubated i n the
prËsencê o{ levamisole (mediutm 3) for 50 minute:i. No
contrast stain. x33r600,
A reaction fs çíeen al.ong the plasma membrane t:{ the ce1I
(arrowheads).
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