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ABSTIlACT .. 

The proliferative bahavior of the melotheliai cella liding·body ca

vitiel of mica and lome of the orgaQs ther~in vaa inveatlgated by radio-, 
autography of monolayer preparations. following pulaa labeling or conti-

nuous infu.l~n of 3H- thymidine. 
, ~ 

After pulse labeling. ~othelial cella from the aerola lining g .. -
, 

trointeatinal tract and spleen had higher lab.ling indicea (0.591 t 0.161 
\ 

- 2.981 ± 0.501), than thole of the cavity valla (0.101:t: 0.091 - 0.261 :1 

0.011) and of Uver and kidney (0.301:t: 0.03%. 0.46'1:1 0.24%.). ~ 

After' continuoua infuaion. the labeling index increased vith dura

tion.of infusion. Turnover ratel calculated from relreaaion equationa 

for' each relion of the galtrointeatinal tract vere very low, ranging fro. 
.. , . ~ 

0.051 per day for the ileal aeroaa to 0.31'1,per day faT the colon. 
~ " 

Hence. 'alothe,Ual ceU populationl Ihould be c4aidered 'Ute the 

populations of internal orlan. which Ihow low proliferatlve activity ln 

adults (.0 caUed "expanding" popu.laUont). Howevet J .sotheUal cella 

are readily induced to divide by, a ,varlet y of Itlmull • 
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rev'tent le. cavit" .'reu.e., p~rltoine. p1'vre 

,et péricarde. che~ la .ouri. 

Nom de l'auteur: Ida Chow 

D6partement: Anatomie 

Degré: M~ttri.e en Science. 

Noua avon. étudié la prolifi~àlionlde. 'cellule. méaothêliale. qui 

revttent le. cavité. de l'organisme ain.i que certain. de. organe. qui 
'-, 

s'y trouvent. Cel cellule. ont été tran.f'rées de leur lupport .ur une 

lame couverte de g'latine, 00 elles ont ~u le ca. échéant Itre étudiées 

par radioautographie. 

Aprèl une seule injection intrapéritoneale de Ju-thymidine, lei 

cellules mésothélialea que l' on rencontre l la 'sur face du tube digea'-
, 

tif et la rate pr'.entent une proportion de cellule. radioactivea 
/ 

(0.59t ± O.16t - 2.98t ± O.sot) plus élev6e que le long de. paroi. ~ 

~ péritoine, de la pl'vre et du p,:tcarde (O. lOt ± 0.09t - 0.26l ± 0.01t) 
.... .. 

et qu" la aurface ~ foie et des reins (O.lOt ± 0.03t • 0.46t ± 0.24t) • 
. , ,/ 

Au cours 'd;~ne~infu.ion continue de lN-thymidine"ie pourcentage 

de radioactivité augmente avec la durée de l'infusion. Lea taux de re-, 
nouvellement calculé.' d "apr" le. 'quatioM de r6gre .. ion pour chacune, 

1 

de. région. étudiée. donn'rent des ré.ultat. tr" ba.~ variant de 0.05t 

par jour pour la surface de l'iléum • 0.31t pour celle du colon. 

Ainsl, le. diver.e. population. de cellule •• 6.oth'liale.'de la 

'ouril adulte ont une faible acttvlt6 proltf'rative (du type dit en 
- , 

expan.ton). Cependant r le. cellule •• '.oth61tal ••. peuvent entrer ~n 

dl villon .oua l' ln'nuance d • une vari.t6 ~ 'agenta' .ti.ulanU. 
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INTRODUCTION 

The body cavities are lined by a simple squamous epltbelium knawn as 

mesothelium, which at the level of certain organs reflecte on their ser08a 

and so takes the name of visceral mesothelium, while in the areas where it 

covers the wans of the cavities it is called parietal mesothelium. 

The .. sothelium i8 a simple squamoua epithelium of meaodermal origin. 

Each one of the very fIat cells is limited by lateral serrated polygonàl 

margins and contains a central spherical or ovoid nucleus. ,.It is aS8u~d to 

play an important role in both the secretion and absorption of the 8erou8 

fluids contained in these cavlties, in the repair of injuries and surgical 

procedures of the peritoneum and pleura, and other pathological ,conditions, 

s~ch as neoplastic processes. 

Much work has been done on the morph;Cogy, both at the light and 

eleetron microscopie levels, as weIl as on the physiology and pathology of . 
thèse cells. Yet it ls not clearly known whether these eells undergo renewal 

in the healthy adult animaL Moa~ of the atudies on the mesothelium deaft 

with the regeneration \after different kinda of iO]ury, at both light and , 
eleetron microscopieal levels (Oblorin, f 36; J,ohnson & Whitting, ~ 6~ U Bridges 

& Whitting.'~4; Ellis et al.,'65; Eskeland.'66; Eskeland & K~rhai~6; 
Diment, '70; Watters & Buck,'72; Kohr et al.,'72 e; Raftery,'13 a, b). and 

on changea produced by various types of st~ulation (Hoda & Zaman\'63;KrUs

mann et a1.,'69; 8en~ke et a1..'70; Davis & McGowan.')O; Bryks 6. Bèrtalanf-, ' 

fy ,'71; Kohr et a1.,'70. '71 a, b,'72 a, b; Mohr 6. Deneke,'72) 

The problem under atudy i8 to find out whether or not the me80the-

lial cells undergo renewal in adult animale, that ia, vhether there is an .' . 
addition of cell. balanced by,cell los8. So one can investigate the renew-

ing beh,vior by a~aly.ing eell production or ce~ lo.s of the population 

and determining the turnover rate. This vay, if one u.e. tritiated thymidine ,... 
the proUferation rate can be', obtained and thua the reneving behavior invea-

tigated, and this va. the method we choae to study the population kinetic. 

9f the me80thelial cella in adult mice • 

.Leblond & Walker ('56) atated that aloat lurface epitheUa have a more 

or le.. pronounced renewal, ~ept for the .taple aquaIIOUa .aao~bel1. and 

... otheli •• vhich they called Don-renevins epithelia. Hav.ver; Bertalanffy & 
,,1 
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'. 
Lau ('62) and Bertalanff, (161) fouad a •• 11 -Iree of aitot1c activlty 1. 

the ~.othelia of pl.ura and peritoneu. of adult r*t. and e.ti .. ted thair 

turnover Ume at 33.8 da, •• U.ina both radioautop'aphic and colcbicioe i"l

bitlon .ethod., Dlment ('69) .tudied the dev.lop.ent of rat peritoaeal .e.o-
-

thelium in 13 to 20 da,. fetu.e •• nd after birth ani .. l. till S daJ. of .... 

and found a gradual decrease of proliferati~a.ctivitie. of the.e cella vith 

increasing age. But thi. cell production v ... till high enough to exceed tbe 

growth of peritoneal .urface. Therefore he cl ... ified thi. population .. a 

renewing population, vitb a ~nover tiae ranging fro. 20 to 50 da,. in Sda,. 

old animals. Bryk. & Bertalanffy ('71) studied the adult rat visceral pleural 

me.~thelium reaction to chry.olite a.be.tos duat by radioautography and (ound 

a low labeling index of 0.381 for tbe oor .. l control ani .. l •• 

Some inve.tigator., e.g. E.keland ('66) believed that the ~.othelial 

cella only de_quamate into the body cavitie. under non-ph,.iological condi

tion •. On the other band, ·otber., .. Felix & Dalton ('55), Bada ~ Za-.n ('63), 

,Davia & HCGowan ('68,'10). Mohr et al. ('10, '1la,b, '12a,b,c) and Bryk. & 

Bertalanffy ('71) found free ... otbelial cella in the peritoneal and pleural , . 
fluids in different .pecie. of nor .. l ani .. 1., including .tce. If de.q~

tian really occura, then tbe 10" b .. ta be balanced by a production of nev 

cell., necea.arily involving mitotic activity of the ... otbelial cella the.

aelve. or other kinda of precursor cell •• 

Hypothe.e. concerning tbe origin of precur.or cella of both the ~ged 

and normal me.othelial cella bave been propo.ed by different inveetigator. 

from experiment. on tbe regenerative bebavio. and re.ponae to irritant •• Be

neke et al.('70) found in the free -.crophage. in the rat peritoneal.fluid 

the main .ource of regenerated ae.otbeliu. after irritation vith prota-ln

sulphate. Be.ide. the .. crophage. E.kelan~ ('66) included other uodifferentia

ted cella in the burn and .. cbanical vound exu4ate. for the reaeneration of 

parietal peritoneum in tbe rat •• Scanning electron licro.copical etudiee by 

Watter. a Buck (112) .ugge.ted the poa.ibilitie, of lywphocytea aad -.cro

phagea frOID the peritoneal fluid, under1ying fibrob1 .. ~ or •• otbeUal ceU. 

peripheral ta the vound .. the precur.or. of regeoer.ted rat peritoaaai ... 0-

thelium, after tbe re~val of the ... othelial celle vith a thin dry .elfit.. 

Differentiation of free peritoneal 8ODOnuclear cella int~ .. eothellal cella 

va. ob •• rv.d by l,an et al. ('13) after inJury of the ceeal ... otbeliu. by 

dryina vith a~1' .tre .. or vetti .. vith laotOllic .olutloa for 30 eec:OBÙ, 

and no Idto ••• v .. ob.erved at any .tac. of r •• enerat1oa. 11U .. e~ ~l. ("5) 
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luggeated the urtde~lying fibroblaata aa the aource for rapldl, r.~oradnl pe-, 
ritoneal,membrane. in r.t' and'guinea-pig •. a.ftery'~ exp.~lment. on healins 

, of wounda in rat liver cap.ule, parIetal perltoneum .nd cecal perltoneum .r-
,'" '0 con.i4ered the ,uDperitoneal f1brobla.t. a. precur.or. ('73a) and tbe po-

.,ibility of undifferentiated me,ench~mal cella tranlforming into mè.othe- ~ 
, " ' 

liaI cella directly or via lu~eplthelial fibrobla.t' (/73b). Johnson & Whit-

ting ('62), Bridgel & Whitting 1'64), Diment ('70) and Mohr et al. ('71a,b, 
A , 

'72a,b,c) believed ,that me.othelial cells are capable of ,ufficient p~oli

feration to regenerate tne damaged .rea. Only ln casel when .uch cella are 

not avallable other cella as monocytes and macrophages will repair the 

wounda. (Johnson & Whitting,'62). 

ln T9utine Epon semi-thin (1~m) .ections prepared from mice •• crificed 

at various time intervals,during and after a'lO-day continuoui intraperito

neal i~fu81on of 3H- thymldine, the mesothelial cella lining the lerolal sur

face of the small inte.tine were found to be heavily labeled. Preliminary 

8tudies on the melothelt.l cells covering the Jejunum were then catried on 

by Do~, Cheng & Leblond ('70, unpublilhed data) in thi. department by aa

crificiog female adult mice 10 hrl.,2,4, 6, 8 .nd lO day •• fter the beginning 
,~ 

of continuoul intraperitoneal infu.ion of triti.ted thymidine, and 4, 8 .nd . ' 

12 days after a period of 10 days infu.i9n. After count!ng labeled melothelial 
, ' 

cells in serial section8 of' lj..I.ID of the jejunum they found a labeling index 

of 701 If ter 10 d.y. of continuou8 infu.ion, Which' gave a rough turnover time 

of 14 days. 

As thil study wa. c.rried out in cro •• lection.' of Epon embedded Jeju

num, only very .lender Itrip. of me.othelial cella wete le en lining the lur

face of the inte.tinal .ero.a, lt wa •• lso,diffic~lt to d~fferentiate between 

melotheli.l, fibrocytic and .mooth mulcle celll, and with tH •• e preparationl 

mitotic figure. were not recognized, Cheng & ,Berry ('72) the~ developed a 

technique to obtain monolayer' of,me.otheli.l cella from the int •• tin.l mel~ 

thelium of mice, which gave en face preparation. of l.rge nuaber~of cell •. 

ln the prelent inve.tiaation cella labeled vith triti.ted thymidine 

vere examined on thi, type of monolayer,prepar.tions in'the h~pe of lnvelti

gating the reneving behavior of the meaothelial cell. that line the perito

neal, pleural and pericardial c.vit~ ... SacdJice. o~' hou,.ft.r I1n,le in

tr~peritoneal injection of _tritl.ted , thymidine would ,ive, a co.,.rativ •• tudy 

on the beh.vior of th! •• pithelium coyerina ~iff.rent r'lio~ of th, body 

c'.viti •• and ora.na, Ul1ng prep.r.tion. of the g.atrolnteltlnal tract •• ro •• 

" 
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f~om animal. killed after variou. perioda of contiDUOU8~.ubcutCD8~ iDfuaioD 
ve expeet to de termine the turnover rate of th1. partlcular cell popuiaeloa 
under normal conditions. 
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, , M!fERIAit AND METBODS 

, 0 

~le. 4 mo~thl f f week old Swi.1 m~ce were lupplied by Qu'bec Breeding 

Farm th~ouaW the ~nimal Centre'of the Faeulty of Medicine at ~ill Univer.ity. 

The animal. were fed with Pur!na Laboratory Chow and water wa. given 

ad libitum. For the eontinuou. infulion experimant each animal wa. kept in 

an individual cage durina the ex~rimental periode 

. The body wei,hU varied from 30 to 46 8. in the beginning of the exp.@

riment§' and are 'l,i8ted on Table 1. 

'Chemieala 

1- Fixative 

Pure mathanol. ace~one free - Fil~er Scientifie Co. 

2- Ringer'. lolution ~ Abbott L&b~atoriel Ltd. 

3- Gelà~ine .olution 

Ge latine. powder·': J. T. Baker Chemieal Co.' 

4- Sarenlen pho.phate buffer: 

Sodium pholphate dibalie anhydrou. 

Poc"llu~ pholphate,monobaalc 

S- Modlfied MacNeal'. tetrachrome atain for radioautolraphy: 
o 

Aaure A - C.1~ n. 923, Hartman-Leddon Co. 

1011n Y - C.I. n. 45380. Flaher ScientlUc u Co •. ' 
-

Methylene Blue Chloride - C.I. D. 52015, HartmanTLeddoD Co. 

Methylene VJo'let (Bernth'len)o - Hartman-Leddon Co. 

c, 

IJ 

6- Thyaldine-methyl-a3·-)New.lna1and N~clear Corporatlon. MIT - 027 X •• pecl

Ue .ctivity 20 Ci'''. in Iteiile aqueoui .olution 

1- ladioautoarapf\.y: 

, . 

4 

~odak NTB2 radloauto,raphlc 

Dev.loper D-170 - ~odak 
r~"~-", 

Sodtua thiolulphate 

Acid nxative ~ ~dak 

lmul.lon 

. 
'-

" 

. . .. 
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Developer D-19 b: .. to~ (p-.. thyl aainopheQol ahlphe\e) 

1- Infusion: 

1 
aodium aulphite anhydrou. 

hydroquinone 

, aodiUID carbonate anhydroui 

pota.a ium bromide 

" 

Infuaion pump - Sage Model 249-5, lerial 3204, Sage 'iutrumenta Inc. 
" 

Syrin~e holder -~de by ~. Avarlaid from the l,ton Electronie. tabora-

1 ~ory at MeGill Univeraity 

Syringes - Tuberculln (1 ml), plaetie, diapo.able, B-D & Co. 

Tubingl - Clay- Ad ... Intramedie Polyethylene Tublng, PE-20, abe A, 10-
ternaI di ... ter 0.015". outer diameter 0.043", Fisher Scienti-

fic Co. 

Needles - 25 G 5/8, dispoaable, B-D & Co. 

"delivery" needle -, hypoderllic needle, Vita n. 16 

Cagea - plaeUc, diapo.able, 1). 21, Maryland Pl .. tlc Inc. 

2- SUde.: 

; ...lA 

Microscopic .Udes - precleaned, 7S X 25 II1II, froated end, Pi8her Scienti

fic Co. 

Caver gl .. s - thickne •• n. 1, Ftaher Scientific Co., and Corning Gl ... 

Worka 

Method. 

-A- ContinuoUi Infusion Procedure: 
-~-~-------------

1- Inaertion of the tublna (MUler & O • .,nd, '74): 

The .,uae w .. anae.thetiaed vith ether, l~bUilecl vith .beIo_n down 

on a dlaaectlna board vith rub~r band., leavlna the tail free. The polyethy

lene tublng, "deUvery" needle and taU vere .teriliaed vith 701 alcohol ia.

.. dlately before the inaertion. 

TJle pl .. tlc tublna wu lntroducaèl lnto the "d.Uv.~y" .... cll •• nd both 

vere iaaartad aubcutana0Ul1y into tba taU of the 81_1 b.CWan tvo tall 

-6-
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veina, sterting at a point 1 incb dlstal to tbe tail b .. e. The tubing vas 

puahed into t~e body of tbe ani .. l subcutaneoualy, tbat il, betveen the .ldn 
/ , 

and the underlying IllUseular layer, while the needle vent only .. far as the 

base of tbe tail and did not go into the body. The inaertion wa. stopped 

wben the end of tbe tubing reached the animal's pelvic region. The pl .. tic 

tubing eould be felt under the skin. 

The "del1very" needle was then taken off the tail frOID the othèr end 

of the tubing and only tbiB was left in the ani_l' s body. The tubiQ8 was 

tben held in.position by wrapping both tbe tail and tbe tubing with water

proof Adhesive tape. Enougb length of tubing was given to tbe animal to allow 

" free movement in the cage. (Plate 1). 

At tbe otber end of the tubing a 25 G 5/8 sterile, dispo~able needle 

was inserted, wbieh eonneeted to a tuberculin syriD$e and tbis kept in tbe 

syringe holder. Tbe holder in turn was adapted to the infusion pump whieb 

was .regulated to deliver 1 ml of solution in an interval of 24 ± 1 bours. 

(Plate 1) 

2- Infusion: 

Eacb animal- received an average daUy dOle of 1. 7S ~i of tritiaCed 

thymidine pel' gram of body weight. ~e original radioactive solution wa. di

luted to a volume of 1 ml uaing sterile Ringer's lolution before use. 

For 2 to 3 aay. after the insertion of tbe tubing, sterile Ringer'l 

solution was infuled at a rate of 1 ml per day, 10 tbat the animale became 

accus tomed to carrying tbe tubing. 

The Iyringes with tbeir content of 1 .1 of diluted 3n-tbyaidine were 

replaeed daUy by new one •• in order to avoid leakage and bac:terial contami

nation. The changel vere .. de before the Iyringes were co~letely e~tied, 

.0 the lack of 3a-thymidine Iupply during the change over waa alway. le •• 

thlll1 10 minut~. 

This experi.ent was .eheduled in luch -.nuer tbat 10 ani .. la vere 'in

~.ed at a tilDe. A total of 20 ani_la w .. uaed in thi. experi_nt of conti

nuoua infuaion of ~ritiated thy.ddine, and tbey vere .acrificed in aroup. of 

5 after 1, 3, 6 and 9 day. of infusion. 

Buring the- infusion interval the ani_la vere kept ln individuel cage.; 

Purina laboratotY chow and vater vere siven ad UbitUli. Tbe c .... ver. kept 

ln a hood, vJ.th re .. onable ventilation, and the tellperature varied frOli 210C 

to 29OC, witb an average of 2']0(:. 

-7-
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, The method developed by Cheng & Berry ('72) with slight modificati~s 

used: 

1- Preparation of gelatine coated slides: 

a) Nine grams gelatine powder and 100 ml distilled w~ter vere thoroughly 

mixed in an Erlenmeyer flask and placed in a water bath at about SOOC un

til the gelatine was completely dissolved. In the continuous infusion ex

periment 0.09 g of potassium chromalum was added to the gelatine solu

tion, since by this procedure the Adhesion of the monolayer of cells to 

. the gelatine was improved. 

b) The solution was allowed to cool down to 360C - 400 C, always kept in a 

warm wateli bath, then transferred to a Coplin jar', which was alao kept 

in the water bath. 

c) Bubbles were r,emoved with folded tissue paper. 

d) Commercially available pre-cleaned microscopie slides vere dipped into 

the 91 gelatine solution and then placed vertieally on drying racks. In 

the continuous infusion experiment, the slides vere also washed in ehro

mie acid solution, rinsed in distilled vater and 701 alcohol before dip

ping into the gelatine solution. 

e) The slides vere allowed to dry for a f,ev minutes, shaken to remove the 

exeess of gelatine solution and dried overnight at room temperature, pro

teeted from dust. 

f) The gelatine coated slides were kept in elean and dust free slide boxe. 

until the moment of use. 

2- Preparatipn of monolayera of meaothelial cells: 

a) The organs to-be atudied vere removed from mice under ether anaesthelia 

and placed in Ringer's solution. 

b) Large organs were cut into s .. ller piece •• The intestine was divlded in

to regions, duodenum, jejunua, ileum, cecum and colon, e.ch one of vhtch 

wu eut int,o 15-20 _ loog piece •• 

c),Each piece of .. terial wa. washed.) time. in different Ringer'. solutions 

to cl.an off blood and luainal content ••. 

d) It vas then blotted on ooe aide with ) chanp. on a sheet of tisaue pa

per in about 15 .ecomts. This r_oved the exc.s. of Rtnaer' s solution 

but did not aUow the plece of Ussue to dry out. .. 

e) The unb~otted side of the piace of orlan v.a placed face dovn on a ,.la. 
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tine coated sUde. An uncoated sUde vaa ~ to pre8a down gently (or 

10-,15 I.conda on the eiece of _terial • .,TJten ,both the slide and th, piece 

of~ tissue vere c~refully removed from the gelatine coated alide. 

4) Under these conditions, a monolayer of melothelial cells vaa left behind 

attached to the gelatine layer. 
1/ '- . 

g) The slide was allowed t~ dr~ at air for 2-3 minutes, then placad in ace-

tone-free methanolOOOX)for 5 minutes to fi~ the cells. The interval of 
( 

10 minutes vas used in the continuous infusion experiment • . 
h) They were air dried and later radioautographed. 

Radioautography W4S proces.ed according to the co~ting technique by Ko

priwa & Leblond ('62). 

The emulsion coating of the slidea with monolayers of mesothelial oella . 
was carried out ln a dark rooa maintained at 280C and 801of relative hu-

midity. 

The alides vere dipped in undiluted radioautographic Kodak NTB2 emulaion 

and allow to dry by standing at a alight'angle on racks for one hour. Then 

they were placed in light-proof plaatic boxes and" in the refrigetator at 

4°C for exposure, which varied frca 6 to 8 daya in the different experiménts. 

After an exp08ure time of 6 days, ,the aUdea of the 8ing1e injection ex

periment were tranaferred to proper racks, developed for 6 .in ~n D-170 (~H 

1) frelhly prepared, rin.ed in diatilled vater for 30 a and fixed in a 80- • 

lution of 241 aodiumthio.ulphate (pH 6.8) for 3 min. T~the alides vere, 

va'hed in gently running tap vater for 10 min, rinaed in diatilled vater and 

allow to air dry in a dust-free cupbOlrd. Ali the proce.aing 8olutionl and 

water uaed vere at lloC. \ . 
The alidea obtained fra. the continuoua infuaion experi .. nt vere exp08ed 

for 8 day. and developed in 100e aolutiona ~f developer D-19 b for 7 min, 

then rin.ed ln diatilled vater for 30 a, fi~d in acid fixer fra. ~odak for 

15 min. Then the elide. vere rlna.d for 1/2 hr under runnins tap water at 

18°C, rinaed in dlatll1ed vater and put on racka for d~y1ns ln a duat free 

cupbOlrd. '"', . 

The developer D-19b waa prepared a. followlna: 

matol (p-.ethyl .. inophenol aulphate) - 2.2 • 

-,-
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• odium .ulphlte (anhydrouI) 

hydroquinG~e 

'sodiu~ carbonate (anhydrous) 

potaa.ium bromide 

water to 

~ ~ !t~l~ill&-PLo~e~uLeL 

- 72 1 , 
8.8 1 

- 48 1 

4 ,1 

~ 

'p Preparation ofmodified MacNeal's tetrachrome stain for radioautosra

phy (O.mond et al., unpubliahed): 

a) stock powder - 1 1 methylene blue chloride 

0.20 1 methylene violet' (Bernthaen) 

0.60 1 Aaure A 

1 g eoain Y 

Mlx thoro~lhly and atore in a ... 11 dark bottle 

b) stock stain sDlution - 0.150 1 of stock powder wal diaaolved in'l00.l 

acetone-free methanol by heating on a hot plate until boilins ~oint waa 

Just reached (approximat~ly(50OC). The lolution waa ahakeo fra.' ti~ to 

time+and removed from hot plate when bubblea were formed. It wa. kept 

covered to avoid evaporation, shaken thoroulhly and incubated at 370C 

for one day. Reaidue waa then filtered off. The aolution waa atored in a . 
dark, air-tight bottle and-in refrilerator until the ~nt of uae • 

. 
2- Preparation of SUrenaen phosphate buffer at pH 6.4: 

M 1{\Na2HP04 (9.47 Ill) - 267 ml 

M 15 KH2P04 (9.08 g/l) 733 ml 

3- Stalning procea.: 

a) The atock atain aolution Wal dilu~ed vith SUren.J.n phoephate b~ffer at 

pH 6.4 in the proportion 1:2 Juat before uae. 

b) The .lidaa already proceaaed foi radioautolraphy were placed horizontally 

on .taining racka. 

c) They vere then covere" with approximately 3 ml of the diluted atalnina 

aolution and 111ft for 6 .in 30 a • 

d~ The ataininl aolution vu "uhed off vith buffer aolution. 

e) ,The aU4e. "ere cQvered vith buffer for 1 8in • 

f) They vere then rinaed vith the buffer lolution and aUCNed to air-dry. . ' 

"s) Coverallpl vere then aounted·"lth Per.ount. 

1 -10-
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E-_C!.l! ,S,o!!,n!,i!l8.L 

Blnocular Reichert and WUd l1g~t mlcrolcope~ were u.ed &r the ceU count

lng'of the 'pecimens obtained. Firat the alide. were .eanned under low power 

(X 100) so that a Ierger field could be ob.erved et once. When sheets or 

atrips of meaothelial èells were found, high dry magnifieation (X 400) waa 

used. 1 f the group of cells occupied more than 3/4 of the field at this mag

nificatian, oU iUllleraton (X .1000) was used and the number of labeled and 

unl~beled cella was recorded. 

CeUs badly fixed and ~hose whieh did not present typical me.othelial 

cell characterlatics weu al80 ~oqnd ln the ali-de, but they vere not includ

ed in the eounting because their identification wa~ uneertain. 

The silver grain background was ehecked. in randomly selected areas where 

no cells were seen, and it was found that in general the number of aUver 
~ . 

grains present in an area approxlmately of the mesothelial cell nucleua aize 
1 

varied from 0 to 4. So aU the nuelei with .more than 4 sUver gralna were 

con8idered labeled. A miniaum of 6 8l1ver gralns wu used for the counting 
. 

in the continuous infusion exper1ment' beeause the background showed a higher 

av.erage of 5 ~il ver grains per area cons.idered ." 

Labeling indices were than obtained. 

f , 

Expedments 

!i!!1l!e_1!!J!.eli2n_o!, ~H.:.t!D'!l!i!!.e.t 
1 

The animala were given a ainale intraperitoneal injection of 3H-thy-

midine, 10 11J,Ci!g body veight and aaerifieed one hour later. Under ether an

ae8thesia the abdominal ~nd thoracie cavitlea wue opened; portions of dif

ferent organa removed and monolayer preparations of melothellum Gade. 
,;( 

A group of 6 male, 4 monthl ± 1 week old Swiaa miee wu used fOl' the 

,preparation of dterial from the inteatina, piecel ~rOlll duodenum, j~junU1D. , , 

ileum, cecum and colon weœused. 

A aeeond group ~f 6 aimilar animall waa used to obtain~onolayer pre

p.ratl~a of the œelothellum lin1ng the abdominal and thoracie'walla, eaver

ln8 thê a.roea of the atomaeh. liver. aplean. kldn.ya. visceral pericardiua 

and abdominal lide ~f diaphraam. 

-11-
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A aroup of 5 ,0 a,t.ala va. uaed fol' each t'I. Interval of In~uaion, 
that la. 1,3. 6;-~ 9 dayl. As'polnted out ·abo~e. the IIfce vere tnltiaUy 

• 1 \. • 

allowed to adjuat the .. elVe8 for 2 da,. to the tubing. l~erted iuto their 

taill.' Durina thi. adaptation per~od. 1 al of atertle Ringer's lolution 

va. lnfused daily lnto each anl .. 1. After that, an ~ver'" daily a.cunt of 

70 a.tCi of· 3B-thyaidine ,dUuted in 1 .1 of sterile Ringer'.' lolution w .. 

Infueed aubcutaneou81y. , 

After t~e 'pre-eatabl~shed interval of infusion the animais vere .acri-
, 

flced and mnolayera pf .elotheUal ceUs veré prepared frc\m the diffel'ent 
. 1 ..r 

regiona of the gastrointeaUual tract. t'hat ta, stoœach, duodenum. jejunum, 

ilew., cecua and colon, 

. , 

.. 

• 
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IlESOLTS 

General Aspect of the Monolayer Preparations 

Sbeets and strips of .onolayers of eesothelial cella vere found spread 

ove'r the- layer of pale pink gelatine coat on the glass sUde. The cytoplalm 

of these ceU,s vas very thin and the cell boundaries vere not ~e evident 

by the staining aethOtt used so that only the nue lei vere conspicuoua. They 

vere found to..be arranged randoaly ln .ost of the tilaes. but row-like orga

nlzation vas found in SODe regions of the gastrointestlnal tract. (PLate II) 

Iaolated a~d groups of peritoneal fluid cella (macrophages. lymphocytea, , 

monocytes, leukocytes), hepatocytes, splenic cella, fibrocytea, red blood 

cells, intestinal épithelial cells and intestinal contents vere occaatonally 
1 

f~nd in these preparations. But the identification of the mesothelial cells 

vas usually ~diate 80 that aIl the otbers vere excluded from the study. 

Nevertheless, yhenever the identification preeented any doubt the c~ll8 vere 

not taken ioto ~onsideration. 
The label~ .esothel ial cells vere either gathered in groups or iso14-

ted on the .onol~r preparations. (Plate Il) The peritoneal fluid çells 

and the intestinal eplthelial cella vere also found to he labeled and in a 

higher'perceotage than the mesothelial cells. This occurred in preparatiQns 

takeo from aIl tü.e interva1a: 

Morpb210gy of the Mesothelial Cella 

The 8es'\theUal cells constitute a sl..ple aquaaous epithelium. They 

have a more or les. centrally located nucleus vhich .. y vary in ahape from 

round to elongated. As the cytopl ... ia very thin, it either atained very 

l1gbt blue or vas unatained. Ceu bouRdariea vere Dot detaonltrated, so the 

nue..,. vere the .. in structure ob •• rved in theae preparations. 1 
Iy usina MacHeal'a tetrachra.e the aeaotheUal cella' nucIei atained 

pinlt. vith clark chra.aUn granules tbe nu.ber of vhich var1ed frOGl 2 to 20 

or .ore. They had an evident nuclear envelope. Tbere could be one or tvo nu

cleoli, vhich vere ... U, round and atained pale blue. (Plate III) 

A c..p.raUve study va doae 00 the shapes and si&es of the nuclel fr_ . 
the different org .... aDd ta. oyai shape vu fouRd to he preda.inant in aU 
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regioua, while the average sile,vas 150 ~, ranging trom 56.2 ~2 to 437.5~2 • 
There Val no significant difference amongst the nuclei of the varioua organs 

either in ahape or size. Nuclei vith more elongated ahape may be relult either 

of atretching of,the organ cauled by larger amount of internal content or 

stretching of the specimen during the preparitlon proces •. The individual 

finding fw each region ia li.ted on 'l;'able II. 

Hltotic figures vere vell demonstrated in these preparation., (Plate IV) 

but the identification of early prophase and late telopha.e va. difficult be

cause the interphase nue lei often presented large chromatin,' granules simUar , 
to thoae of thes. phases of mitosis. Aleo the variation in the size of inter

f 
phase nue lei made impossible the u.e of nuclear size as a criterion for iden-

tification. As mitotic figures vere rare or absent it vas not possible to ob-
• i 

tain the mitotic index of this cell population. 

The mesothelial celle showed a varied incorPJ'ration of 3U- t hymidine so 

that vhile some nue lei vere completely covered by silver graina others had 

only fev, sometimes less than 10. The range of 50 to 100 silver grains per 

nucleus vas more frequent. (Plate V) 

The distribution of labeled nue lei vas not completely at random be

cause regiona vith high numbe~of labeled nuclei vere found in all ,the organs 

studied, as vell as are .. vithout Any. Nevertheles., i.olated labeled nuclei 

vere also obeerved scattered o~ the preparation •• (Plate II) In the continu-. 
ous infusion experiment some specimenl preeented paired nuclei as a result of 

the division of cells previously labeled. (Plate II, fig. c) 

Labeled prophase, metaph •• e and telopha.e we're found in preparations 

made from animal. infuaed for) days or more. They vere more frequent in pre-

paration. o~tained from the serosa of stomach and cecum. On1y one anapha.e 

vas found labeled in all the preparations. (Plate VI) 

Pul.e Labeling EXperiaent 

Six ~le, 4 .anth. ± 1 week ~ld Svia. mL;e vere given a single intra

peritoneal injection of 10 ~i of lU-thymidine per gram of body veight and 

.acrificed under ether anaeathe.ia one hour later. MOn'layer preparation. of 

-the •• othelial ceU. vere .. de fro. the inte.tine divided into region., n.~-

-\'ly, duodenua,jejunua, ileua, cecua and colon . 

A slll1lar p-oap of 6 ani_la Val aacrificed under the .a. condlt1ona 
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and alidea vere made from the meaothelium linina the thoracic and peritoneal 
,\ 

cavitiea, covering the aero.a of ato-.ch, liver, apleen, kidney., viaceral 

peric'rdium and abdominal aide of diaphrasm. 

After fixation the alides were dipped and expoaed for radioauto.raphy 

for 6 daya, developed, stained and analyaed. The total nUDber of cella count

ed per animal, the labeled cella and the labeling indicea are ahown in Table 

III. The mean labellng indices with the atandard devlationa of each--'~ne of 

the regions are illustrated in Graph 1. 

It ia observed that the vi.ceral pericardium had the loveat labeling 

index, 0.101. ± 0.091, and the duodenum the higheet one, 2.984 ± 0.501. A ra

ther high atandard error had been found however, .. inly due to individual 

variation between and within animala. The number of cella inveatigated in 

each animal alao ~aried. 

By comparing the mean labeling indicee on Graph l, two different pat

terns of behavior could be~tingUiehed. one with more than 1.501 of the 

population inc~rporatin~ 3H- ymidine, and the ot~~r with le •• than 11. In 

the firat category are duo enum, Jejunum, ileu~cecum, colon and apieen,while 

stomach, liver, diaphragma abdominal wall, pleural wall, kidneya and pericar-

dium belong to the second. 
f.; , 

Turnover rate ia the fraction of the cell population replaced"per unit 

of time (Leblond & Walker, '56), and ia calculated from the ratio between 

the labeling index and the length of DKA ayntheaia duration. If the S pha.e 
~ , 

duration ia known it can be calculated by dividing the labellng index by the 

S phase time. As the S phaae duration of the meaotheli.l cella in mlce haa 

not been calculated with preciaion, we tentatively uaed the value obtained 

by Diment ('69) for the meaothelial cella ~n rat, that ia, 12.3 hra .. The 

values relulting from dividing the labellng indicea obtained ln the pulae 

labeling experiment by 12.5 hr •. are the percentasea of cella replaced in a 

one hour periode 8y multiplying theae figuree vith 24 hra. one se~a th~ turn

over rates per day, a. liated on Table VII. 

The cella from the g.atroi~teatinal tract and apleen preaented rather 

high value., ranging from 1.20'1 per day ta 5.761 per day, 'vhile thoae from 

the other region. had a lover value, le •• than lX per day • 

-15-
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Continuoua Infuaion Expertment 

The mice vere '.eparatad at rancto_ and .athered into 4 !Ï'GUpa of 5 each 

for the different duration. of infu.ion: 1, 3, 6 and 9 days Then each ... t._l 

ha. the tubing in.erted, wa put into individual casel and aben a contiaUOUI 

infuaion of 3H- t hymidine. The experhaent va. acheduled in auch a vay that 10 

animal. vere lnfuled at a time. 

Although the mlce ulually bec.-e vell adapted to the i08erted tubiD8, a 

few of them manaBed to b,ite it; they vere then d18carded and replaced. n.e 

tubing va8 long enough 80 that the 1M)uae could _ve freely arouod the cage 

and reach food and vater. In thia IaIUlner alllOat no apparent 8treaa w .. put on 

the animals during the experi.ental period and' conaequently the condltlona 

vere as close to normal a po.aible. 

Sacrifice of the animal. va. perfor.ed ln the 80rning vith an interval 

of 1 hour between two c008ecutive kill1ng •• Monolayer preparatiOlUl of dlffer

ent reg ion. of the ,a8trointeatina! tract vere _de aod fixed for radloau

tography. After the .Üdes had been expo.ed, they vere .talned and analyaed; 

In thia experiment .. inor chanaea vere .. de on the proce •• of coatlD8 

the micro.copic slidea vith gelatine aolution. It had been found tlaat -.ny of, 

the monolayer apre.de of lDe.othelial ceUa h.d faUen off the .Ude. clur!.na 

procelling. The following mdificatloD8 vere trled in an attellPt to l..,ro've 

the .dheaion of the .anolayer. of ... othellal cella ont~ the .lldea: 

a) Different brandi of adcro.copic .lidel vere tried- precleaned P'1aher .ad 

Canlab .1 ide •. 

b) Variou8 .Ude cieaning metbod •• uch a. uains chro.lc acld lolutlon, ooly 

70'" aleohol lolution or 81mply vip ••• _> the co_rcially precleaaed .Ude. vitb 

tl .. ue paper. 
1 

c) TelDperatute of the vater bath in which the gelatine aolutloo v .. _bttaloed 

during the dipping procedure "' .. kept at 3SOC or .~ 400c .fter dialolvlD8 

the gelatine at 50°C. 

d) Different condition. of ,hu.idity for the dry!ng of the a.Ütiue coated 

alide., that 1., roo. condi~lon (40-60% relative ~u.ddltJ). h~d cb.-ber 

(90'1 relative hualdlty) or cold roo. (4OC, an4 approJd_tely 801 relative hal

dit y) • 

e) Different coocentrat!ona of 8elatine .01ul:lon, that uo. 5\ qr 91. 

f) Gelatine fil_ hardeul.ll8 _thoda _re trie •• peeial .xpcN .... of .. ,t" p,la-
, , 

tine coated allclel to for-.l.dehyde v.pou ID a doeed cu.ber; cl!.pp"'" dM 
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vet aelat/ne coated alidea into 1'1 formaldehyde aolution .. addina 0.97. or 0.091. 
r 

pot .. aium chromalum into the 97., gelatine aolutlon; or 0.57. or 0.9n pota .. iulD 

chro .... lum lnto the .5"1 gelatine lolutionj dipping wet 97. aelatine cQated lU-

d.1 into 3l potallium ~hromalu1Dlolutlon. 

a) Other coatina materiala were te. ted: Agar (11 DUco noble agar + 11 NaCl + 

1/ 10.000 methyolate); a8arol~ (1. 51 lolut ion) j adhelive - 'gar (O. '" DUeo noble 

qar + O. 1" g lycero 1); adheei ve agar + 9'1 gela t 1 ne, 

h) Very Ught or very hud prellure on the tillue at the .tlle of traneterrina 

the melothelial celll from the organ onto the gelatine coated IUde. 

i) Longer time of fixation· lnltead of 5 min the preparation. were fixed for 

10 min in Acetone free methanol. 

j) "Cold" development of radioautoguphlc emulaion - In. tead of l80c the pro· 

celling lolutions were Kept at 100e and the deve lO,per wa. 0-19 b inltead of , , 

"" D-170. 

Âfter trying differf>nt combinationl 0(' the abdve mentioned procedurel 

it wa. found that the brand microscopie sUd!, did not influence the quaUty 

of the 'prepar~tionll •• 0 Fhher orand wa. kept in ule. Aho the diffenmt clean

methodl did not live any noticeable"'differencej con18quently the moH complete , , 

pr~cedure. Ulin8 chromie acid wa. cholen in order to avoid any pOllibility of 

retaining greale or dlrt O'n the .lide. 

Slid~~ subbed in Igar, agarolt, adhelive agar and- adheaive asar + 9" 
gelatine lolutlon were not luitable for the prep~rat1on. becauae it wa. diffi

cult to obtain _a -thin and uniform layer. The layer .1.0 came off or wa. torn 

when the tialue w.s appUed to it and the celll were not held. 

SUde. coated with 5X gelatine lolution vlth or wlthout potallium chr~ 

malum when dried und~r rooal conditionl removed the melothelial cell layer from 

the orsan. "hUe thoae dr1ed ln cold room removed 1 ... and tho •• bft overni.ht 
, > 

in humid ch.mbera relllOved oply lmail number of ceUI or had the ItlaHne layer 

hcerated. Thil alao oc:curredwith ~lid.a dipped 'ln 91 gelatine ànd left in 

humid chaUlber and cold room. But ln all caUI the nualber of cella obtalnecl 

wa .... ller th.n when Illde. lubbed in 9X gelatine +. 0.09\ pot •• lium chroma-, ' , 

lUal WIn uaed. 

Plocculation occuD*l when O. st and -O. en. pota .. ium ,chromalum vere added 
" 

to 5'1 and 97. gelatine- lolution, re.p.ctlv.ly. Si.Uarly the 8e~at1n. layer 

p~>eclpitated when 91. aelatine co.nd IUcI •• ver. dlPped tnto 37. potu.lulD chro

. .. lu. lolution. 
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As a result of these trials it wa{l decided that the sUdes would be ,dip-

ped into 9~ gelaUne solution with 0.09't potassium chrOllalum using a v.ter 

bath at 400~; the slides wou11 'then 1,e air dried; ~he~ be pres.ed ,sentlY'and 
~ ./ ~ - ~ 

firmly .• 8ai.~8 t the tissue for the removal pf mesothel1al cells. Once these 

cells vere on the slide, they were fixed -in acetone-free l00't methanQl for 10 

min, air dried and radioautographically procelsed at 10oe. 

The labeling indices of mesothelial cells collected from different re

gions at various Ume intervala of continuous infusion are 11.ted on Table IV. 

The number of cella that were countable in each animal varied greaÙy. The 
, 

duodenal outer surface 18 the region where the .mallest numbers of cella were 

collected, whereas the cecal surface that in which the largest numbers of cella 

were obtained. As for the results of the counts,there w .. large in~ividual va

riation and, therefore, the standard deviation was high 16lthin Any given re

gion. 

An increase in" the percent labeled cells 'with the duration of lnfudon 

period has been clearcut in aH regions except duodenum, as shawn in Graph II c::. 

which relatell the behavior of the gastrointestinal resion. to the time inter-

, val of continuOU8 infusion. Each polnt is the mean value of the labeU,1'lg i~

dices obtained frorn a group of animala. While 8tomach, Jejunum and ileum 

showed smoothly increesing labeling' indices throughout the infu.ion period, 

the lncrease was irreg'ular in ,c~ colon, and was not diltin&t in duode-

num. / 

By plotting label1ng indices versus day. of .ubcutaneou. continuou. in

fusion, 11near regres.lons vere obtained, a •• hown on Graph III. The relre.

sion equation. were calculated for each region of the ... trointe.tinal tract 
" J 

and are l1sted 0" Table V. Only c.ecum and colon .hove~~antial rlle; in 

labe Ilng wi th time, and ileum had an extremely Law i1~r ..... \ 
As turnover rate il the fraction of the cell population raplaced per 

unit of time (Leblond & Walker, '56), it can be obtain.d by d1vlding the in

creue in labeUng index within ~ ~ime interval by thi8 ti. lnterval .... So, 

by taking the labeling index incre •• ~ be~een 2 in.tants ftom the rlare •• ion 

Une of labelina index versua time of infuaion, and dividlng it by the tl.,~ 

interval co .. idered, the turnover _ r .. te per day la calculated. :t'he vaiues cal

culated for the different region. in the aa.trointe.t1nal tract are U.ted on 

Table VIll' and only cecum and colon preaented figure. higher th.~ ~20"1 per 

day. 
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Pu..lae Labeli98 Experiment • , 

o 

.
" Due to Hs import*nc:e in theO proces s of 81Îrslcal recovery and wound 

healins. the regeneration of the peritoneal me80thelium ha. been widely Itu-
c n 

died. Much work has allo been done on the effect of dlfferent types of Iti-
~ . . 

IUtaUon to whiç,h mesotheUal ceUs r~epond. Althou$h It 18 well known t!!_t . 

new cèlls ~ppear under stimulation, it 1. not clear whether they come ftom 
t • 

pre-exiating mesothelial cells that aurvived t~ê tr.~ma or from those peri-

pheral to the in jury, or from peritoneal fluid celll, such, a. macrophages 

and other mononuelear cella, or even frQm the differentiation of lymphocyte. 

and underlying fibroblasts. ~ether me.othelial cells desquamate into the , 
peritoneal and thoracie cavitiee under normal conditions also eon'.titut~ the 

.ubject of many studies. as mentioned in ,he introduction. 

Yet the proliferative behavior of me~thelial cella ha. no/~~n .na-
~ 

ly.ed in as detaUed a way, elpecially under normal conditions. The etudies 

hav~ dealt with their reaction to excision of p~tal peritoneum in the rat 

(Bridges &a Whitting , '64). atab wound of the peritoneal me.othel1um in the 

youns rat (Diment,'70). intraperitoneal injection of different do.e. of cor-. 
thone into mice (Davis & McGowan, '70). effecta of intratracheal infusion of 

1 

chrys.Ute .. bestos suspensions on tat visce~l pleural melothélium (Bryka & 

Bertalanffy. '71). response of rat pleural and Ve{itoneal mesotheUum to phy-, 
tohaemagglutinin, endotoxin'anô-bovine serum albumln (Mohr et al.,'71a,b, 

.. " 
'12a;b) . 4 

l " J 

Under normal conditions, Leblond & Walker ('56) stated that this popula-
,. 

tion did not reneW for they h,d not found mito~e. in their etudiee; however, . . 
Ber~.,\lanffy & Lau (/62) and Berta!anffy ('67) obtained a datly mitotie index 

l ' 
of .. much .. ~3' in the melothelia of ple~a and peritoneum, giving a turn~ 

ver tilDe of 33.8 aeYI. Diment (' 69) _de a thorough 1 tudy on the development 

'of peritooeel lDuothelium in rat embryoe and newborns and found thet the pr~ 

UferaUve actlvitYi decrea.ed -with ase, and the population vas eonaidered by 
c ' 1 

hi. a. a re .. èWina .Yltem, with a !abeling index of 0.97. in 3 month. old rata 
, ' 

and 0.11. in one year old animall . 

In our êxptari_nta lI), wJtlch 4 IIOIlthl ± 1 wee,k old male miee were .. cri

ficed lbr. after e einalo intraperitoneal injection, the .sotbeU.. linlna 
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the abdollinal waU had a a.lCh lover labeling index than Diment' 1 relult, 

O.ln ± 0.111, while that _ covering intestine and spleen p>,,,nted bigher la

belins indices, between 1. 48'l, and 2.981. The other orsana ahowed slover be

havior, with labeling indices ele• s than 0.601. - . 
Mohr et ;1. ('71a) studied on "Hlutchen" preparations the .tfect. of 

L~\"'\ '*' 
intraperitoneal injection of phytohaeaaagglutinin in rats and found 'in the 

cOIIJrol animala O. 5l < L.I. <' 2.8l for the pleural meaotheUum, and 1.21 <t.I. 
, 

<2.11 for the peritoneal me.otheliUID, both hlgher than our figures, 0.241 ± 

0.071 and 0.19'1± 0.111, respectively. The lame authors ('72 b) obtained a 

, different value, L.I.<0.6'7. for their control animale in .ft e.xperiment on 

the proliferation of peritoneal ceU. induced by bovine albumin in the rat 

and this figure is c loser to our •• 

Although the regions atudied are different, Bryka & Bertalanffy (' 71) 

found a aimilar labeUng index, 0.381 ± 0.28't, for their control animale' 
1 

visce~al pleura,l meaothelium in their etudiee on the reaction of rat pleural 
• 

me,,80theHum "ta ',i?~rat~ache~~ iafU8io~ of chrysolite 8uspen8ion, a8 a reluIt 

of counUng l'ab'led cells- in cross .ectlona of lung. . , 

Thele re8ults obtainea f~o~ a/dult rat8
1

and mice .actificed 1 hr after 

a 8ingle it;ltraper,itoneal injeètion/ of 3H-,thymidine defi~'t;ly Buggelt -that 
r ~_ , 

the- me80thelial çella incorPoute" thia radloact~ve 'preCUridr of DNA and ",n-
~ ~ J - .,. 

derso mitosiB, indicaÙng proliferation of the population. (, . 

Diment ('69) calculated , t~rnover ti~. of, ~9' to ,50 daya fof th~ 'peri

toneal melotheltum of ra'ta of 5 daya age a!ld, the"f-eforel' cluaif1ed it .. a 

renewing system, in agreement wit) B~rtalanffy & Lau' (' 62) who obtained a 

turnov~r time or 33.8 day. for the pleu~al and periton~.l me.otheU~ from 

the daUy mitotic indicel. 

~n tt. experimentl' on the effect 'o~ phytohaemagglutinin Nohr et al. 
, ' 

(' 71) tound a Ilbelins index of approxi .. tely 21 for the .aothelium of ab~ 

minal wall and 2.5'7. for the diaphragm .aotheUum of 4 w~eka old rata» alvina 

• rough turnover tt... of 26.04 and 20.83 ~.y., re8pectively. The .. valuea 

are close to thole obta.ed 1)y Di_nt in hh 5 day. old rata expert_nt. The 
'\a 

.ame authora (' 72) 1ft thë1r work aD the pr&l1feraUon of ceUa in tbe peri
l 

ton.al c:avlty of 3 .,nths old ra~. induced by endotoxin obtalned a lover fi .. 

~re for the- labeling lndex of the control ani_la, approxlaately o..51, alv-

log a turnover ti- of 104. 17 day •• , 
Althouah the l.ncorporaUoD of 3R-thytlldlne by .aotheUal ceUa ln our 
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experiment 8ugge.ted reneval, the esti .. ted values of turnover rates of the 

cells ahowed that it only occ~ to the aesothelia covering the serosa of 
, 

the gaatrointestinal tract and spleen, and not to thole of other .regions, 

that i., diaphragm, liver surface, abdominal waU, pleural vall, visceral 

pericardium and kidneys. As turnover rate is the .-oant of cella replaced 

in a population per tilDe unit, the turnover Ume cao be calculated frOID thil 

ratio and it ia inversely proportional to the rate. 50 our reaults would sive 

very long turnover tilDes . 
• 

Continuous Inf 

Dolllll, Cheng & Leblond ('10, unpubUshed data) found heavily labeled ~ 

sothelial cells lining the intestinal sero.a of fe .. le adult mice treated vith 

intraperitoneal continuous infusion of 3U- t hymidine (1.75 vei/g body veight 

per da~), sacrificed 10 hrs., 2, 4, 6. 8 and 10 days after the beginning of , 
infusion and 4, 8 and 12 daya after a period of 10 days infusion. The perce& 

tages of labeled cells vere obtained from serial Epon embedded cro.s sections 

of 1 ~ thickoes8 of the jejunum and are Usted on Table VI and Uluatrated 

on Graph IV. After a 10-day period of infQion a labeUng index of 701 vas 

found from which a turnover time of 14.3 days vas calculated, wh1ch la a falr

ly rapid renewal of the serosal IDesothelial cella covering the Jejunum. The 

turnover rate for this population ia approxiaately Tf. per day. 

Our present result. from male adult aice treated vith subcutaneoua co& 

tinuoua infusion of 3U-thymidine sacrificed after 1, 3, 6 and 9 days of infu

sion gave very different figures. The labeling vas .1n1_l and the calculated' 

turnover rates very Iov, as shawn on Table VII, auggesting the reneval, if it , 
exis ta at aU 18 very slow. 

It is believed that the large difference in these two experiaents is 

due to difference. in the degree of sti.ulation of the .. sotheliu. .. sociated 

vith the procedure. So the mesothelial cella covering the jejonal serosa 

prel'ented the following labeling indicel after 6 daya of continuoua infusion, 

of lu-thYl'idine: 56.41 in ~ et a1.'s experi_nt, where the tubin. vu i .. 
-- 'l' 

planted Intraperitoneally. and 1.031 t 0.541 in our., vbere the i.,lantation 
.~.,.. J 

vu aubcutaneous. Incidentally, the quaUty of the .,nolayer preparations 

uaed in the present york save .are accurate reluIts than in no..'l. In crOiI 

aectiona of ~ jejuDUII, .. otheUal ceUa are relatively fev. wh.re .. the,., 
J 

/ 
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are nUlBerOUI in monolayer preparations. Aho the identification- of t'heee 

cells ia èalier and more iaaediate on the monolayer preparations. 

Intraperitoneal injections of phytohaemagglutinin (Mohr e,t aL,' 71 a, 

b), endotoxln (Mohr et al.,'72 a) and bovine serua albumin (Moht et al.,'72b) 

ahowed that meaotheUal cella are highly senaitive to theae irrit.nta and 48 

houra after the aUmulation thele cells had a conaiderab~~ncreale ln their 

labeling indicea (3M-thymidine injected 1 hr. prior to sacrifice). Thia aug

geata that the high labeUng index obtained by DOIIID, Cheng & Leblond la due 

to SOlDe sort of stimulation induced by intraperitoneal infuaion of radioac

tive thymidine; presumably the preaence of the tube introduced into the pe

ritoneal cavity irritated the 1Iesothelium. Stimulation waa avoided in our 

experiment for the tubing waa introduced throukh the taU, under the skin 

and did not reach the body cavitiea. 

The presence of, labeled mitoUc figures after 1} day of continuoua in

fusion confirms that cells which take up lH-thymidine undergo division,' and 

proliferation occura to a_ extent in this population. 

It has been obaerved that localized areal of labeled nuelei are more 

frequent than isolated labeled nuelei in the preparations. Theae may correl-
-

pond to an area "Illich somehow "las atimulated. SimUar observation was made 
\ 

by Schwartz & Benditt ('73) in aortic endothelium of adult and newborn ratl. 

These authors injected intraperitoneally into Wistar-Frith/Mai rats 3 timel 

(17,9 and 1 hr. prior to sacrifice) lM-thymidine (0.5 ~Ci/g'body weight) 

during a 24 hra. periode En face preparation. of the aortie endothelium were 

made, the distribution of labeled nuelei was ma.,ped and it was found that the 

labeled cells gathered into geographic regions in both adult and newborn ani

mals, al though in the latter the over-aU rate of labeling i8 hi~her. The 
( 

... investigatora luggeated in their paper three po.sibiU,Ue. for thia kind 

of behavior: shorter 1 ife Ipan of aame cells due to local dtaturbance. a. a 

reault of hemodynamic flow, steady atate INin'tained by IIllgration of cells 

produced by the centers of labeUns, or regionl of hig" labelins involved 

with growth of that area. 

Bertalanffy ('63) in hia Itudie. on ,the ceU foraation and exfoUation 

related to cytocUagnosla found aporadic lIlito ••• al vell al delquamation in 

the .. aothelia lining the pleural, peric~t;dial and a~OIIinal caviUe. and or

sana contained therein. He alao observed reSion.l dtfterence. of 

and QO aorpholoaical differencea between 'the cella of vari9'J. re 
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data led him to conclude that different continuoua reneval rates are present 

in mesothelial cells liniag different body cavitiea and viscera and that the 

cel~8 are in advanced atag~ of differentiatlon but still preserve their po

tentiality to divide. Except for the fact that our atudy did not involve dea

quamation, these findings are confirmed by our reaulta. 

The regresaion lines of labeling index versua time of infusion on Graph 

III suggest that the proliferative behavior of the mesothelial cells from dif

Iferent regions ia very different from each other. But aIl of them present a 

rather slow increase in the labeling index throughout the time. Colon an~ ce

cum are the ones that show a .lightly higher degree of proliferation by having 

a higher slope value (Table V), maybe due to ~ bavel movement or by Buffer

ing more outside influence. ~nd so vearing off faster. 

The low turnover rates calculated in this experiment indicate. that no 
, 

renewal occurs in the population and though the mesothelial cells which incor-

porate 3H-thymidine undergo mitosi. later, the nev cella are not numerous e

nough to replace the whole cell population, as what occurs to a renewing sys

tem, The high senaitivity of these cells to irritants. the non-random di.tr~ 

bution of labeled nue lei in the monolayer preparations and the high indivi-
, 

dual variation of labeling index between anlmal. sug8eat that the nev cells 

added to the population are either to companaate cell lo.s due to external 

. stimulation or to contribute to the growth of the organ involved. Thi. vay, 

the me.othelial cells do not form a reneving population. but ahould be con

aidered 8S an "expanc:ling" population. 

If the two experiment., pulse labeling and continuoua infusion, were 

compared, it il noticed immediately the large difference between the turn-
, 

over ratea calculated from each. Varioua re .. ona could explain thi. kind of 

diyeraity in the behavior. h the DNA aynthelia phale duration 11 unltnovn 

with accuracy in the moule. the figure uaed to calculate tre t over ratea 

in the firat experiment vaa obtalned by Diment ('69) ln hi •• udie. on aelO-
i 

theUal celll in the rat. 

The mice in the firat experiaent were kept in groupa of 5 in a cage, 

while thoae of the aecond vere put into individual cagea. lt la knovn that 

the.e animall are active and 10 they .. y have involved the .. elvel in ftghta 

when put together and 10 have da .. ged or Itlaulated 10.ehov .. aothellal 

cella of fev regiona • 

Diurnal variation conatitutea .nother pœalble reuon for .xplalnlna 

the difference. This hctor vould nOt Influence the cootlnuoua 10f_10'0 •• -

per~ .. nt becauae radioactive tbJ1lld1M v ... uppU. .• d for the whol. clay. 01-

\ 
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"nt (~69) ob.erved a hiaher mitotie index late niaht aad .arl, .orniac •• 0 

the hi.ha.t l~belina ind.~ vould,be\ob •• rved,late eorniaa aad .arl, afteraooD. 
for the DNA Iynthe.i. ph ... duratlon 1. 12.5 ~r •• aad tb. -'ni .. l G2 Pb ... 
duration 1. 1.5 hr.. (Di_nt, '69), .ivina a .1nt_l lntenal of 14 houri be

tween the p.~k of S ph .. e and of mito.lI. The ani_li • .:rlficjkl in tbe late 

lIIOrnina ln the pube labeUna experl_nt vould have aiven hi"el" labeli ... 
. '" index and .0 the difference found betveen the turnover ~a~~ obtalned fta. 

the two experiment.. ' , 

Radiation damage .hould not be conaidered .. a caule for in botb ~ 

et al ~8 and our experi_nta no da ... ed •• otheltal cella nuelei vere ob.ened 

and the doaes ~.ed were .iml1ar and not more than 2 ~l,g body ve1aht. 

j 
y 

'. 

\ 
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SUMMARY AND CONCLUSIONS. 

The prol1ferative behavior of the melotheHat' ceUa from the parietal 
~ 

peritoneum, serosa covering the galtrointeltinal tract, liver, apleen, kid-

neyl J abdominal aide of the ~iaphragm. parie.tal pleura and visceral pericar

dium in the mouae has been 8tudied with radioautography of monolayer 'prepa

rations. 

Four montha ± 1 week old male Swia8 mice were either lacrificed 1 hr. 

after a single intraperitoneal injection of 3H-thymidine (10 ~Ci/g body 

weight), or after 1, 3, 6 and 9 days of treatment with subcutaneoua conti

nuous infusion of 3H-thymidine (1.75 ~Ci/g body weight per day), and mono

layera of IEsothelial cells from the different regions were prepared. 

Labeled cells,scattered on the preparations, were found to be either 

in groups or ilolated, sugge8ting non-random distribution of proliferating 

cells. They had different degreea of incorporation of radioactive thymidine, 

indicating asynchrony of the cella in the DNA ayntheais phase. Labeled mito

tic figure8 and paired labeled nuelei were found, indleating that the inter

phase cells wh1ch incorporated 3H-thymidine in a previoua instant entered 

into division, confirming the fact that cel18 which uptake this radioactive 

DNA precuraor undergo mitosia. 

An increaae in the labeling index vith time of infusion wa. observed 

in the continuous infulio~ experiment and labeJing indices of different re

gioos of both experiments shawed high individual variation. The turnover 

rates calculated from the regreslion equationa were too low to indicate re

newal. 

Other atudiel have ahawn that these celll are lenlitive to atimuli 

from the animal itself or the environment. This may be the realon for the 

large difference found in the labeling indicel of the present inveltigation 

a~d a previous one by Domm. Cheng & Leblond ('70. unpubli8hed data). This, 

-'weIl al diurnal variation, explain8 partially the differant resultl found 
" between the pul.e labeling and ~he continuou. infu.ion experiment •. 

ln conclu~ion. the "Iothel!al cella lining the abdominal a~d thora

cie cavitie. and lame organl therein incorporate tritiated thymidine, Ihov

ing they are capable of prolif.ration~ Aa the turnover ra~e. vere found to 

be too low it is 'ugge'ted that the •• cella belong to the category of .xpand

ina populationl. The addition of nev celll il either to compeneat. cell 1011 
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due to local dlaturbaDcea or to lDcr.... the 1IUiIIMr of cella due to 'body 

arCNtb, or botb. It 18 .u .... ted tbat ail the _.otbellal celt. ba". poten

tlallty to dlvlde vben reqqired. 

Mlaratlcm of the oev ... otbeUal cella could not be d.t.ct.d~ and 

alao ~be prObl .. of d.aqaa.atioo baa Dot be.n .tudi •• ln tb18 pr ••• nt ~Qrk. 
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TABLI 1 

Body welghta of the ~xperi~nta~ a~l"la 

MOde of administration 

of 3B-thymidine 

Single intraperitoneal 

injection 

Subcutaneoua 

continuoua 

inf~ion 

Ti.e of sacrifice 

aft~r initiation 

of exeeri_nt 

1 br 

l' d 

3 d 

6 d 

9 d 

12 

5 

5 

5 

5 

, ~,' 

. \ 

11 

, '{raye) 

, 
36.2. (30 -' 'tq) .:. 

"1.6 (38 - 44). . 
39.6 (38 - 4Oj, 

38.6 (35' - 40) 
5 

38.8 (36 - 40) 

) 
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,: TABLE 11, 

~lo,theHa1 c'elh' nucleat' ahapu and ranae of Ihe ln ~.2 fQund 

ln rnie. 

. , 

'j: ,Reglon 
" , 

Round Oval Elongate4, 
l' 

" 
Stomach .' 
,Duodenum 

Je,2Unu,!D 

Ileum 

" , . 
Ct'cum 

Colon' 

Sple~n' 

Liver 

Abdominal 
Wall , 

Pleural 
Wall 

\ 

Diaphraa1il 

" " -++ +f+ 

1 00 - 2 2 ~' (1 56 . 25) 50-200 (150, ~OO) 

++ 
56.'5-125 (100) 93.75-200 (120) 

-l 

-++ +++ 
,'00-22'5 (100.' 156) 50-218.75 (150) 

++ 
lQO-156.25 (lOQ) 

, +++ 
'100-156'.25 (125-) 

+f4 

112.5-437.5 (150) 

+t-+ 
) . 

93.75-q7.5 (150):, . , 

. 

( 

+ 
75-250 (150) 

t 
100 

+ 
.250 

100 

+++ +++ + 
,,100-262.5 (156.25) ,75-3U.5 '(175',218) 100-437.5 , , 

++ 

+H-

75-200 (75. 150) 

++ 
156.2,5-225 (156.25) 93.75-315-

(93.15, 175) 

+ 
, 7S - 1 56 . 25 (100 

156.25) 

+ 
125 

+ 
56.25~115 (56.25) 

+t+ 

62.5-300 ('50) 

++ 
75- 1 50 . ( 1 50) 

+t+ 

1 12 • 5 - l's0 (-1 50) 

+ 
100-250 

++ 
100-225 (100) 

++ 
100-500 (100. 262.5) 

+++ 
15-125 (98.5) 

++ 
75-100 (15) 

Note: Humber. ln bracket. are th. ala •• DO.t fr.qu.ntly found~D th • 
ao~olay.r pr.paratio~ 1 

., 

( 



r.;~~~~r- ._-~-~.-,-,~~--~ ~--3'-~·--~~--···--

'. ". 

AIll .. 1 

"'1011 

I~h 

~ 

J.Ju", 

c • ~ 

l-

T A BLE III .' 

Percent labeled melothelial celll found in mice aacrlflced 1 hr. after a lingle intraperitoneal injection 

of 3H- t hymidine (10 ~i/g body weight) 

.1 2 3 4 5 

Total Lab. L.I. Total Lab. L.I. Total Lab. L.I. Total Lab. L.I. Total Lab. L.I. 
C.U, Cella CI> Cella Cells C&> CeUs Cells (,1.) Cella C'eUa (,1.) Cella Cella CH 

1993 12 0.60 330 2 0.61 13197 89 0.67 1274 4 0.31 7254 54 Q.~ 

4698 123 2.62 9854 239 2.42 2498 80 3.20 3851 139 3.60 4024 139 3.45 

6 

Total Lab. L.l'., 
Ce lb cà lb (%) 

o 

4144 107 2.58 2 

84091021.21"1 

;. Il_ 

5547 111 2.00 8480 143 1.69 18456 193 1.05 1243 21 1.69 . 5537 70 1.26 

6650' '69 2.54 8316 191 2.29 5170 58 1.12 11157 231 2.01 10548 138 1.31 6202 135 2.18 1 
,~ 

'/ 

" 

" 

~ 
:. 
t. 

c.c .. 8389 114 1.35 5817 63 1.07 17874 477 2.66 719 19 2.64 1628 30 1 ~ 7650 114 1.49 1 

Col. 7711 171 2.21 14391 209 1.45 10936 400 3.65 S465 166 3.03 4670 109' 2.33 4045 76 1.88 2 

'pun 163 3 1.84 lGl 

r.t9ft 1758 10 0.57 1679 

.. -.il .. l Wall 337' 4 0.12 323 

?1ewal WaU 2103 1 1 0.52 3807 

Itriear.l.- .55 2 0.21 817 

427' 11 0.25 2188 

1791 , 0.21 31" 

2 1.98 278 

8 0.48 1276 

1 0.31 1029 

4 O." 5180 

1 0.12 2130 

5 0.23 

11 0.29 

1052 

1831 

~,*,,,. ..... colr .. ~ CO the ... __ ta 
.... .. '"'jli:f.;. ~ f. ~ ..,.:,... .... J.>... ,.:) # .: 

4 1.44 352 

10 0.78 ·5629 

3 0.29 2052 

7 0.14 2557 

4 0.19 959 

4 0.38 2808 

6 0.33 12895 

" 

,5 1.42 287 9 3.14 

30. 0.53 4617 4 0.09 

5 0.24 6532 13 D.20 

4 0.'6 2922 1" 0.38 

o 0.00, 282 0 0.00 

'- 11 
~ 

2954 9 0.30 (l 

1484 4 0.27 ~ 

2766 20 0.72 ~ 

5255 3 0.06 • 

7 0.25 

34 0.26 

3082 

3194 

8 0.26 23.9 

11 0.34' 14063 

4 0.17 ~ 
1 

44 0.31 • , 
/' 



.:;. .. ,'!., .... --,.' 

c 

-----' • 
• 

, 
7 

TA BLE _-III 
.: 

Percent Labelid ... othelial cell. found in mice .acrificed _, hr. after a .ingle intraperitoneal injection 
of 3H• t hym1dine (10 ~i/g body weight) 

1 2 3 4 5 

:tal Lab. L.I. Total Lab. L.I. Total Lab. L.I. Total Lab. L.I. Total Lab. L.I. 

ll! p.lla ru e.lb Cella (t.l C.lla Cella Ct) Cella Cella (t.) Cella Cella (t) 

'" 12 0.60 330 2 0.61 13197 89 0.61 1274 4 0.31 7254 54 O.~ 

6 

Total Lab. L.I. 

Ce 11s Ce Ua (t) 

Mean L.I. 

t S. D. (],) 

0.59 i: 0.16 

691 123 2.62 9854 239 2.42 2498 80 3.20 3851 139 3.60 4024 139 3.45 )144 107 2.58 2.98 t 0.50 

547 111 2.00 8480 143 1.69 18456 193 1.05 1243 21 1.69 5537 70 1.26 

650 1692.,,54 8316,1912.29 5170 581.1211.1572312.07105481381.31 

:se9 ,,4' 1.35 5877 63 1.07 17874 477 2.66 '19 19 2.64 1628 30 1.84 

'711 171 2.21 14391 209 1.45 10936 400 3.65 S465 166 3.03 4670 109 2.33 

163 . l 1.16 101 2 1.98 278 4 (,44 352 5 - 1.42 281 9 3.14 

:758 10 0.57 1679~_ 8 0.48 1276 10 0.78 5629 30 0.53 4617 4 0.09 ... 

1'75 4 '0.12 323 

tlCD c 11 0.52 3807 

955 

.uS 

1"" 
"-

2 0.21 817 

11 '0.2' 2188 

5 0.28 3853 

1 O.ll 1029'<. l 0.29 2052 5 0.24 6532 13 0.20 

4 0.11 5180 7 0.14 2557 4 0.16 29ZZ ~ 11 0.38 

1 0.12 

5 0.23 

" 0.29 

1 

2130 4 0.19 959 0 -0.00 

1052 J ,. 0.38 2808 7 0.25 
~../ 

1831 " 6 0.33 12895 34 0.26 

282 

3082 

3194 

o 0.00 

8 0.26 

11 0.34 

8409 102 1.21 1.48 i: 0.36 

6202 135 2.18 1.92 t 0.57 

7650 114 1.49 1.84 ± 0.67 

4045 76 1.88 2.42 i: 0.80 

1.96 ± 0.70 

2954 9 0.30 0.46 i: 0.24 

1484 4 0.27 0.19 t 0.11 

2766 20 0.72 0.24 i: 0.07 

5255 3 0.06 0.10 t 0.09 

2389 4 0.17 0.26 '± 0.07 

14063 44 0.31 0.30:t 0.03 

<> j 

'" 

'3 , 

&~::,l.~~_t-,o the._ .t.la 3 --":"jj~ ,~,; 
~~' - ~<.->.~-

"...~~~i: 
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Percent labeled œe.otbellal cella after .ubcutaneou. continuous infusion of lH-thymidine (70uOl/day) 1n~Q miee 

Anl .. l A B C D E 

Total Lab. L.I. 
a.llon Dan Cella CeU. (1) 

Total Lab. L.1. 
Celh Cella ("') 

Total Lab. L.I. 
Cella Cells ('1.) 

Total Lab .. '!..!. 
Cells Ce1rs CL) 

Total Lab. L.I. 
Cetla Celh CL) 

'> 

Mean 

t' 

S.D. ('%.) 

..c 
Col 

.1 

.0 .., 
• fi) 

1 ., 
l 

1 
§ .., 
• .., 

1 • ... ... 

1 
u • U 

7 

, 
3 

6 

9 

3 

6 

9-

1 

3 

6--

9 

1 

3 
6 

9 

782 0 0.00 

15596 205 1.31 

712 

4472 

3 0.42 -_ 
• 

7 0.16 4677 

23 0.45 6509 
l 0.17 2670 

1223 

70 1.50 16089 

0.08 10164 

69 0.43 7879 

" 

1431 28 1.96 

9616 487 5.06 

5069 
590 

36 0.55:>' 98 

25 0.94 1436 

2 2.04 23503 
161.11 1777 

296 4 1.35 454 7 1.54 292 3 1.03 

1608 31 1.93 629 6 0.95 253 3 1.19 

3557 27 0.76 3452 22 0.64 

301 
90 

2 0.66 1952 
o 0.00 1563 

230 

1236 32 2.59 1012 2 0.20 1559 66 4.23 896 

5155 

1100 

856 

1932 

259 

2006 

2970 

4723 

701 

3724 

3538 

a597 

0.39 

25 1.25 

45 1.52 

42 0.89 

0.14 

16 0.43 

41 1.16 

6S 0.76 

567 0.18 

7156 53 0.14 

1976 13 0.66 

931 12 1.29 

599 2 0.33 

8939 16 0.18 

4747 37 0.78 

1867 ,7 8 0.43 

877 4 0.46 

746 3 0.40 

6844 "99 1.45 

3234 35 1.08 

441 2 0.45 

8394 29 0.35 

W973 45 0.41 

3614 18 0.50 

524 1 0.19 

252 1 0.40 

3000 37 1.23 

2449 4 0.16 .. 
\ 

2644 \2 0.08 , 
1263 l! 0.16 

3342 

988 

4311 

4178 

0.1 1 

81 1 .03 

58 0.25 
'\. 

13 0.73 

0.15:t 0.16 

0.89 :t 0.57 

1.05tO.87 
1.60 ± 1.91 

9 0.46 1.01 t 0.45 
o 0.00 0.81:t 0.83 

2 0.87 0.74 t 0.10 

8 0.89 1.98 ± 1.81 

20 0.39 0.32:1: 0.13 

3 0.27 0.61 ± 0.40 

4 0.47 1.03 t 0.54 

24 1.24 1.15 ± 0.16 

4 0.16 0-r:t 0.14 

3 0.30 ~.27 :t 0.12 
15 0.35 0.57 ± 0.40 

32 0.77 0.62:t 0:,8 

1 1003 0.10 1047~ 6 0.06 2220 2 0.09 2821 18 0.64 11842 11 O.et 0.20:t Orz5 

3 14583 132 0.91 13134 28 0.21 13420 12 0.09 21129 78 0.37 2222 4 0.18 0.35:1: 0.33 

6 14147 381 2.69 34358 421 1.23 1837 56 3.05 25945 252 0:97 3406 2 0.06 1.60:1: 1.24 

9 9165 194 2.12 16594 238 1.43 9334 84 0.90 940 27 2.87 1.83:t 0.85 

~ 

, , 
~1 



oC 
u 
J 
·0 
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" 

-3 
" & 

1 .., 
" .., 

1 ., ... ... 

3 

6 

9 

3 

6 

9 

3 

6 

9 

3 
6 

9 

782 o 0.00 712 3 0.42 1223 

15596 205 1.31 4472 7 0.16 4677 70 1.50 16089 

1431 28 1.96 5069 23 0.45 6509 36 0.55 98 
, 

9616 487 5.06 590 0.17 2670 25 0.94 1436 

296 

1608 

4 1.35 

31 1 .93 

454 7 1.54 

629 6 0.95 

3551 21 ,0.76 

1236. 32 2.59 

292 

253 

3452 

'012 

3 1.03 

3 1 • 19 

22 0.64 

2 0.20 

301 

90 

1559 

0.08 10164 1 O.~~ 0.15! O.f5 

69 0.43 7879 81 1.03 

2 2.04 23503 58 0.25 . 
16 1.11 1777 13 0.13 

2 0.66 

o 0.00 

66 4.23 

'952 
1563 

230 

896 

9 0.46 

o 0.00 

2 0.81 

8 0.89 

0.89 ± 0.57 

1.05 t 0.87 

1.60 ± '.97 

1.01 t 0.45 

0.81 ± 0.83 

0.14±0.10 

, .98 t 1.81 

259 1 0.39 '67 1 0.18 

53 0.74 

13 0.66 

12 1.29 

877 4 0.46 524 1 0.19 5155 20 0.39 0.32 ± 0.13 
.1" 

2006 25 ,. 25 ~ 7156 
• 

2970 4S ~ 1976 

4723 42 0.89 931 

701 1 0.14 599 

3724 16 0.43. 8939 
3538 41 1.16 4747 

8597 ~ 0.76 1867 
\ 

746 3 0.40 252 1 0.40 1100 3 0.27 0.61 t 0.40 

6844 -99 1.45 

3234 35 1.08 3000 31 1.23 

856 4 0.41 1.03 ± 0.54 

1932 24 1.24 1.15 t 0.16 

2 0.33 441 

16 0.18 8394 
37 0.78 10973 

8 0.43 3614 

2 0.45 2449 

29 0.35 2644 
45 0.41 1263 

18 0.50 

4 0.16 3342 

2 0.08 988 
2 0.16 4311 

4178 

4 0.16 

3 0.30 

15 0.35 

32 0.77 

0.25 ± 0.14 

0.27 t 0.12 

0.57 ± 0.40 

0.62 :t 0.18 

1003 1 -""'0 10470 6 0.06 2220 2 0.09 2821 18 0.64 11842 " O.OP 0.20:t 0.25 

1 3 14583 132 0.91 13134 28 0.21 13420 12 -0.09 21129 78 0.37 2222 4 0.18 0.35:t 0.33 
~ 6 14147 381 2.69 343.58 421 1.23 1837 56 ).0.5 2.5945 252 0.97 3406 2 0.06 1.60 ± 1.24 

g ... 
o 
u 

fw; .. _ ,", [.;. ; d-~"!:~, 7:.~.A ... ~e( 

.. 

9 9165 194 2.12 16594 238 1.43 9334 84 0.90 940 27 2.87 1.83:t 0.85 

3 
6 

9 

4466 1 0.02 4029 

18957 116 0.61 13492 

6 0.1.5 4.542 

26 0.19 10362 

7812 331 4.24 9690 333 3.44 7467 

4884 183 3.75 2522 159 6.30 7558 

... 

.f 

: 

4 0.09 226 2 0.88 

58 0.56 3130 19 0.61 

27 0.36 8402 316 3.76 

40 0.53 3023 16 0.53 

~ ,-

"!: 

1556 

1338 

7316 

281 

1 0.06 

t 0.07 

.53 0.72 

2 0.71 

0.24 :l: 0.36 

0.41 :t 0.26 

2 • .5.Q ~ 1.82 --- .... -
2.36 :t 2.59 

\ , 
~ 

ï 
1 

~ 
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TAILI V 

Reare.aion equationa of .eaotbelial c*ll. obt~ined fro. ani .. la 

treated vith lubcutaneoui çontinu~ infulion of 3à.thy.idlne 

for 1'. 3. 6 and 9 dayl 

Stomach y • O. 1 7 + O. 16 'x 

Duodenu. y ,. 0.64 ,.. 0.1 r x 

Jejunu. y • 0.27 + 0.10 x 

lieu. '1 • 0.18 + O.OS x 

Cecu. Y ,., -0.10 + 0.23 x 

Colon y • -0.12 +-8.31 x 

Where y "" percent of ~abe led ce lb 

x :: dayl of lnfJalion 

( 

, <. 

It 

. " 
_.\,!. ;'.. t L __ ,,>. ~ • ."'.~ _ ,~ , .,. L_""~" .• '!.,>'; l "'~~" .... 
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TAILI VI 

Percent meaotheUal cella labeled alter contlnuoua infuaion of 

3a-thymidine directly into the ~u •• •• peritoneal cavlt7 

Daya 

2.0 

4.0 

6.0 

~) 

8.0 \) 

10.0 

14.0 

18.0 

22.0 

PA- SchUf 

" 
<1.0 

< 1.0 

1.7 
25.1 

18.4 

12.4 

68.0 

S3.0 

69.9 

72.0 

37.6 

41.8 

69.6 

86.6 

72.0 

(Do_. Chena & Leblond. '10.unpubUahed) 

~.!.1!!.!!!~ 
Iron-

Hematoxy~ln 

" 
0 

0 

2.0 

32.9 

58.8 

10. 1 
,.... 

SS.2 

49.4 

66.1 

54.3 

14. t 

21.7 

51.3 

43.7 

81.9 
73.9 

Mean 
1 

" ~l.O ~ 
<.l.0 

1.9 

'29.3 

68.6 

11.3 

61.6 

~.2 

68.3 

54.3 

12.0 

14.1 

29.1 

51.3 

42.8 

69.6 

84.3 

73.0 

~ -
~ ~ 

". 

lnterval 
.an 

(1.0 

15.6 

40.0 t.. 

56.4 

61.3 

13.1 

40.5 

, 
56.2 

78.1 
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'1' A 1 L"I VII 

Turnover rate. (1 per day) of ... otfiallal cella calculatad 

frOID th6 ratio of _an hbeUna index 1 S pha., duration 
. ' 

(a •• umed to be 12.5 hrl.) of ant .. ll treated vith a alnale 

Intrap,rltoneal injection of 3u~thyaidlne 

Stomach 1.20 

Duodenum 5.76 
/ 

JejunulD 2.88 

IleulII 3.60 

CeCUID 3.6Q 
0 

Colon 4.56 

Spleen 3.84 

Liver 0.96 

Abdominal Wall' 0.24 .,... 

Pleural Wall 0.48 

PericardiuID 0.24 

DiAphu'ID 0.48 

1Cidney 
, 

0.48 

,. 

... 

~ ..... , "'...., ... ~ 

. ' 
" . 
-~~ 

... 

.' 

, , 

., 

,~ , 
-, 
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T A B L! VIIl 

Turnover ratee (1 per day) of meaoth.lial cella calculated 
\ ..,- , .' 

fro. re_resslop equatione obtained from anlmala treated 

vith aubc:utaneoui continuoui infu.ton \ of 3R- th,811dlne for 

1. 3. 6 and 9 daya 

Stomach -0.16 

Duodenum 0.11 

Jejun~m 0.10 
\ 

,Ileum 0.05 

Cecua 0.23 , 

ColoJl 0.-31 

• 

... 

. . 

'\ 

: ) 

. 
~. 

-
,J 
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Ga4PB 1 " 

Pereentage. Qf labeled .eaothelial eell. ln .tee .aerifieed 

(' 
l ' 

l br. alter a slaale intraperltoaeal lnJection of lH-th,.tdlne 

(10 fll;i/g 'body veight) - _. values and ataodard deviaUona 

. ' 
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GIA P R Il 

o 

Perc.nt .... of lab.l.cl •• 0theUal ç.lll cluri", a 

g-day contlnuoua .ubcut~oua lnfuion of la.thyllicliue 

lnto .tce '(1.75 ~i/a bocly velahtl clay) 

1. 

, 

" ~ 

, 

~ -" -
n , ..... _ -:., :'~:' .... !~::.., ........ .,....j 11." t,·U., l~~ ·l~~.I __ ~,,"!' L~. _;.~"--. _i~~~""j~~~~(_'I:..,,/.LL~~·1::i\",,:;~5f~'!/j~t:,~~,~~J.~~1ii 
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GIA PB 111 

laar •• lion l1na. of pere.Dt labeled ".o~"'U.l 

! eell. v •• tl. of lnf_lon obtallU1d fro. lIlee tr._ted , 
> 

vith _ 9-dey perloè1 cODtl~ .ubcutaneoua lQfualoa 

of 4t-thyaldlne. (1.75 ."cIl. body -laht 1 day)' 

" 

l, 

, , 

1 

.. , 
\ , 
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G Il A P 11 IV 

Percentage of m880thelial cella labeled during land 

after a 10-day continuoUi i.aper.~toneal infu.io~. of 

IIl1ce vith 3a-thymidine. (Do_. Cheag & Leblond, f 70, "~ 

unpub liahed) 
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PLATB 1 

-"1.. 
Experl_ntal Set - up 

Top: The' Infulon PUll» .d{b ~yrlD1e bolder 

cODDected to pl_tic tublaa lnaerted 

in tbe lIOuse·. tail. The aice are kept 

in Indivldual cagee. 

Bottolll: The platic tubing laaerted ln the 

lDOuee'. taU le vrappe';Zt:b vater-

j)roof aclhelive tape. oUSh lenath 
" 

of tubl1l8 11 "iven to aUov free 

IDOve_nt for the an1_l in the cqe • 
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PLA Till 

Arraaa ... nt of .. ~otheli.l cell. nuclel OD the .uD01.,.r 

prepar.tlou. %520 1IIID1flc.UOD 

.) Row-Ub arraoae-nt vttbout labelecl DUclel, fro. the 

.ero •• of 11 .... 

b) Raado. arrana ... nt vith • group of labelecl nuelel 

(arrowhe.cla) 1 fro. colon .urface 

c) Rancio. arr.Dle.nt Vith one palr of labelecl nuelel 

(arrowhe.cla). ho. ceeal -aotheU .• 
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PLia T Il 111 

MOrpholoay of ... othellal cella' Duclel. X 640 --anlfleatioD 

OYal, round and elonsated nuclel vith dark chro .. tln ara

nul •• , 1 or 2 pale nueleoll (arrova) and evident nuclear 

env.loPe_ Dlffu •• cytopl ... 1. faintly •• en ln th. botto. 

ftaure. 
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PLA T E IV' 

IIltotic ftaure. of _Iothelial cella .. I.en lu a 

.,1lO1a,.r preparation. X 1000 IIII&Illfication 

EP ~ euly proph .. e 

P ... pr:opb .. e 

K = .etaph ... 

ET ... euly telopbale 

LT = late telopb .. e 
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'LATE V 

Variation of 3K-th,.idlne incorporation by "Iothelial 

ceUa 

a)'General viev of a aroup of labeled ... othelial cell.' 

nuclei (arrovheadl) vith he.vy and .. diu. incorporation of 

3H-thyaldine inJected 1 hl'. prior to the lacrificé of the 
~ 

.,uta. 6 day-expolure X 520 ... nification· 

_b) Nuel.l vith very heavy and .. diu. incorporation of 

~-th)'IÙ.dine ln lIOuae lnJected 1 hl'. b.fore .acl'ifice. 6 day

expolure X 640 -.anification 

c) Three heavily 1abeled nuelei and one with only 9 

lilver araina (center) fro. .. ua. lacl'ificld 1 hr. alter a 

ainale intraperi~oneal injection of 3B-tbyaid,lM. 6 day-expo-

aure X ~ ..anifieation 
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PLATI VI 
1 

Labeled .1totlc figure. of .. aot~llal cella 

found ln the .ouae g~trolnte.tlDal tract. alter 

dlfferent daya of continuoua .ubc:utaDeoua infualon 

of lB-thymidlne. lt 1000 I181DlflcaUon 

1 = interphue 

P ,:: prophue 

M = Mt.phue 

A :;: anaphue 

T • telophue 

LT--;' late telophue 

a) c~__ -6 da,.. contlnuoua lofualon 

b) cecua - 6 da,. contlnuoua lnf ... lon 
• c) ato-.ch - 3 day. con,tl11UOù lDfualon 

d) cec__ - 6 daya contlDUOW1 lnfualon 

e)_.t~h - 3 daya coatinuoua i~uaiOD 

f) colon - 3 day. coatl0u0ua 19i ... lon 
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