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ABSTRACT

A

The proliferative behavior of the mesothelial cells lining -body ca-
vitlies of mice and some of the\orsma therein was inveat{gated by radio-
autography of monolayer ;;reparations, foll_owing bulae labeling or conti-
nuous infusion of 3H-thymi[d1ne.

After pulse labeling,%othelial cells from the serosa lining gas-
trointestinal tract and spleen had higher labeling indices (0.59% :x 0.16%
- 2.98% £ 0.50%) ch;n those of the cavity walls (0.10% + 0.09% - 0;261 3
0.07%) and of liver and kidney (0.30% * 0.03% - 0.46% + 0.24%).

After’ continuous infusion, the labeling index increased with dura-
tion.of infusion. Turnover rates calculated from regression equations :
for' each region of the gastrointestinal tract were very low, ranging from

0.05% per day for the ileal ‘serosa to 0.31% per day for the colon.
$ '

Hence, mesothelial cell populations should be ct‘lidered ‘11ke the
populations of internal oz:gnnl' which show low proliferative activity in
adults (so called "expanding" pohpu‘lationb). However, mesothelial cells
are readily induced to divide by a variety of stimuli. .
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»

Nous avoni étudié la prolif‘;éiionldec»cellulel mésothéliales qui
revitent les cavités de 1'organisme ainsi que certains des organes qui
s'y trouvent. Ces cellules ont é&té tranlféréél de leur support sur une
lame couverte de gélatine, od elles ont pu le cas échéant &tre étudiées

par radioautographie.

Aprds une seule injection intrapéritoneale de 3H-thym1dine, les
cellules mésothéliales que l'on rencontre A la surface du tube digea-
tif{ et la rate présentent une proportion de cellulel radioactives
(0.39% £ 0.16% - 2.98% £ 0.50%) plus élevée que le long des pacots \\
du péritoine, de la pldvre et du péricatdc (0.10% = 0. 091 - 0.26% 1 0.07%)
et qu'd la surface du foie et des reins (0.30% t 0. 031 - 0.46% i 0. 2&1)

“\4/

Au cours d"une”infusion continue de JH-thymidine,.le pourcentage
de radioactivité augmente avec la durée de 1' 1nfu-1?n. Les taux de re-
riouvel lement calculés’ d'aprds les équations de régression pour chacune.
des régions étudiées donnlrent des résultats trds bas, variant de 0.05%

par jour pour la surface de 1'iléum A& 0.31% pour celle du colon. ”

Ainsi{, les diverses populations de cellules mésothéliales -de la
souris adulte ont une faible activité proliférative (du type dit en
expansion). Cependant, les cellules mésothéliales. peuvent entrer en

division sous 1'influence d'une variété d'agents stimulants,

g
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INTRODUCTTION

The body cavities are lined by a simple squamous epithelium known as
mesothelium, which at the level of certain organs reflects on their serosa
and so takes the name of visceral mesothelium, while in the areas where it
covers the walls of the cavities it is called parietal mesothelium.

The mesothelium is a simple squamous epithelium of mesodermal origin.
Each one of the very flat cells is limited by lateral serrated polygonal
margins and contains a central spherical or ovoid nucleus. It is assumed to
play an important role in both the secretion and absorption of the serous
fluids contained in these cavities, in the repair of injuries and surgical

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

such as neoplastic processes. s

Much work has been done on the morphsrbgy, both at the light and
electron microscopic levels, as well as on the physiology and pathology of
these cells. Yet it 18 not clearly known whether these cells undergo renewal
in the healthy adult animal. Most\ of the studies on the mesothelium dea).t
with the regeneration\pfféf different kinds of injury, at both light and
electron microscopical le;els (Ohlﬁyin,'36; Johnson & Whitting,j62§j3ridgea
& Whitting,'64; Ellis et al.,'65; Eskeland,'66; Eskeland & Kjaerhain786;
Diment,'70; Watters & Buck,'72; Mohr et al.,'72 c; Raftery,'73 a, b), and
on changes produced by various types of stimulation (Hoda & Zauum,k 63;Krlis-
mann et al.,'69; Bencke et al.,'70: Davis & McGowan.' 70 Bryks & B%rtalanf-
fy ,'71; Mohr et al.,'70. '71 a, b,'72 a, b; Mohr & Beneke, '72)

The problem under study is to find out whether or not the mesothe-
lial cells undergo renewal in adult animals, that is, whether there is {n
addition of cells balanced by cell loss. So one can investigate the renew-
ing behavior by analysing cell production or cell loss of the population
and dessrmining the turnover rate. This way, if one uses tritiated thymidine
the proliferation rate can be'obtained and thus the remewing behavior inves-
tigated, and this was the method we chose to study the population kinetics
of the mesothelial cells in adult mice. . ‘ C e

Leblond & Walker ('56) stated that most surface epithelia have a more
or less pronounced r;neval, eg;ept for the simple squamous endothelia and

mesothelia, which they called non-renewing epithelia. However, Bertalanffy &

"
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Lau ('62) and Bertalanffy ('67) found a swall degree of mitotic activity im
the mesothelia of pleura and peritoneum of adult rdt, and estimgted their
turnover time at 33.8 days. Using both radioautographic and colchicine iohi-
bition methods, Diment ('69) studied the development of rat peritoneal meso-
thelium in 13 to 20 days fetuses and after birth animals till 5 da'yn of age,
and found a gradual decrease of proliferative activities of these cells with
increasing age. But this cell production was still high enough to exceed the
growth of peritoneal surface. Therefore he classified this population as a
renewing population, with a ti¥nover time ranging from 20 to 50 days in 5days
old animals. Bryks & Bertalanffy ('71) studied the adult rat visceral pleural
mesothelium reaction to chrysolite asbestos dust by radioautography and found
a low labeling index of 0.38% for the normal control animmls.

Some investigators, e.g. Eskeland ('66) believed that the mesothelial
cells only desquamate into the body cavities under non-physiological condi-
tions. On the other hand, ‘others, as Felix & Dalton ('55), Hoda & Zeman ('63),
Davis & McGowan ('68,'70), Mohr et al. ('70, '71a,b, '72a,b,c) and Bryks &
Bertalanffy ('71) found free ne:otheli,l cells in the peritonesl and pleural
fluids in different species of normal animals, including mice. If desquama-
tion really occurs, then the loss has to be balanced by a production of new
cells, necessarily involving mitotic activity of the mesothelial cells them-
selves or other kinds of precursor cells. ,

Hypotheses concerning the origin of precursor cells of both the damaged
and normal mesothelial cells have been proposed by different investigators
from experiments on the regenerative behavior and response to irritants. Be-
neke et al.('70) found in the free macrophages in the rat peritoneal fluid
the main source of regenerated mesothelium after irritation with protamin-
sulphate. Besides the macrophages Eskeland ('66) included other undifferentia-
ted cells in the burn and mechanical wound exudates for the regenmeratiom of
parietal peritoneum in the rats. Scanning electron microscopical studies by
Watters & Buck ('72) suggested the possibilities of lymphocytes and mecro-
phages from the peritoneal fluid, underlying fAroblut-.or mesothelial cells
peripheral to the wound as the precursors of regenerated rat peritoneal meso-
thelium, after the removal of the mesothelial cells with a thin dry gelfilm.
Differentiation of free peritoneal mononuclear cells into msesothelial cells
was observed by Ryan et al. ('73) after injury of the cecal mesothelium by
drying 1;1th eir stream or wetting with isotomic solution for 30 seconds,
and no nito;co was observed at any stage of regeneration. Ellis et al. (' 65)



suggested the unddrlyiﬁg fibroblasts as the source for r,pidly reforming pe-
ritoneal membranes in rats and guinea-pigs. Raftery's expiyimantl on healing
‘of wounds in rat liver capsule, parietal peritoneum and cecal peritoneum al-

so considered the subperitoneal fibroblasts as precursord ('73a) and the po-

ssibility of undifferentiated mesenchymal cells transforming into mesothe- rs

lial cells directly or via subepithelial fibroblasts (J73b). Johnson & Whit-
ting ('62), Bridges & Whitting ('64), Diment (*70) and Mohr et al, ('?71ta,b,
'72a,b,c) believed'that mesothelial cells are capable of sufficient proli-
feration to regenerate the damaged area. Only in cases when such cells are
not available other cells as monocytes and macrophages will repair the
wounds. (Johnson & Whitting,'62). 1

In routine Epon semi-thin (lum) sections prepared from mice sacrificed
at various time intervals during and after a 10-day continuous intraperito-
neal iﬁfusion of 3H-thymid1ne, the mesothelial cells lining the serosal sur-
face of the small intestine were found to be heavily labeled, Preliminary
studies on the mesotheltal cella covering the jejunum were then carried on
by Domm, Cheng & Leblond ('70, unpublished data) in this department by sa-
crificing fggale adult mice 10 hrs.,2,4, 6, 8 and 10 days after the beginning
of continuous intraperitoneal }nﬁulion of tritiated thymidine, and &4, 8 and
12 days after a period of 10 days infusion. After coynting labeled mesothelial
cells in serial sectlons of' lum of thé jejunum they found a labeling index
of 70% #fter 10 days of continuoua infusion, which gave a rough turnover time
of 14 days.

As this study was carried out in cross sections of Epon embedded je}u-
num, only very slender strips of mesothelial cells were seen lining the sur-
face of the intestinal eercsa. It was also difficult to differentiate between
mesothelial, fibrocytic and smooth muecle cells, and with thiese preparations
mitotic figures were not recognized, Cheng & Berry ('72) then developed a
technique to obtain monolayers of mesothelial cells from the intestinal meso
thelium of mice, which gave en face preparations of large numbersof cells.

In the present investigation cells labeled with tritiated thymidine
were examined on this tyée of monolayer preparations in’ the hppe of investi-
gating the renewing behavior of the mesothelial cells that line the perito-
neal, pleural and pericardill1cnv1ttel. Sacrifices ope'hou:\’ftor single in-
traperitoneal injection of tritiated.thymidine would give a comparative study
on the behavior of this epithelium covering different regions of the body
cavities and organs. Using preparations of the gastrointestinal tract serosa

a
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from animals killed after various periods of continuous subcutaneous infusion ‘;;

we expect to determine the turnover rate of this particular cell population
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.- MATERIALSY AND METHODS

[

-

.o : -
> .Anisals Q.

Mdle, 4 months £ | week old Swiss mice were supplied by Québec Breeding

Farm throughl the Animal Centre of the Faculty of Medicine at MoGill liniverlity.
The animals were fed with Purina Laboratory Chow and water was given

ad libitum., For the continuous infusion e)q;eriment each animal was kept in

an individual cage during the experimental period,
The bbdy weights varied from 30 to 46 g, in the beginning of the expg-

riments and are listed on Table I. |

. 7

‘Chemicals

1- Fixative
* * Pure methanol, acetone free - Fisher Scientific Co. . o

)
l
\

2- Ringer's solution ; Abbott Laboratories Ltd.
3- Gelatine solution "
Gelatine, powder -- J.T. Baker Chemical Co.-
4- SBrensen phosphate buffer: ‘
Sodium phosphate dibasic anhydrous
Potassium phosphate. monobasic .
S- Modified MacNeal's atetrachrome stain for radioautography:
! ' Azure A - C.I: n, 923, Hartman-Leddon Co. s
Eosin Y - C.1. n., 45380, Fisher Scientific-Co. , ,
‘Methylene Blue Chloride - C.I. n. 52015, HartmansLeddon Co. :
’ Methylene Violet (Berntlisen). - Hartman-Leddon Co. .
6- Thymidine -mthyl-ll}-vﬂw.Engfmd Nt;clecr Corporation, NET - 027 X, speci-
. fic activity 20 Ci/mM, in sterile agqueous solution
7- hdioautog‘rapfw:

A

Kodak mz radioautographic emulsion : >
X b
Developer D-170 - Kodal . g

I .

Sodium ‘thtosulphate' \
- Acid fixative - Kodak




Lines 2.4

4«  Developer D-19 b: metol (p-methyl aminophenol sulphate)
: sodium l‘ulphite anhydrous
o hydroquinone
" sodium carbonate anhydrous

potassium bromide

. Equipment .

1- Infusion;

Infusion pump - Sage Model 249-5, serial 3206 Sage instruments Inc.
Sytinge holder - mde by Mr. Avarlaid from the Eaton Electronics Labora-
, tory at McGill University

Syringes - Tuberculin (1 ml), plastic, disposable, B-D & Co.

Tubings - Clay- Adams Intramedic Polyethylene Tubing, PE-20, size A, ip-
ternal diameter 0:015". outer diameter 0.043", Fisher Scienti-
fic Co.

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

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

Cages - plastic, disposable, n. 21, Maryland Plastic Inc.

2- Slides:
Microscopic slides - precleaned, 75 X 25 mm, frosted end, Pisher Scienti-
fic Co.
- Cover glass - thickness n. 1, Fisher Scientific Co., and Corning Glass
Works

Hef:hodn

-A-_Continuous Infualon Procedure;

1- Insertion of the tubing (Miller & Osmond,'74):
The mouse was anaesthetised with ether, immobilized with gbdomen down
on a dissecting board with rubbgr bands, leaving the tail free. The polyethy-
” lene tubing, "delivery" needle and tail were sterilized with 70% alcohol im-
mediately before the insertion.
) The plastic tubing was introduced into the “delivery" needle and both
. were inserted subcutaneously into the tail of the animal betweesn two titl

2 ) -6‘




veins, starting at a point 1 imch distal to the tail base. The tubing was
pushed into t)}e body of the animal subcutaneocusly, that is, between the skin
and the undetfying muscular layer, while the needle went only’n far as the
base of the tail and did not go into the body. The insertion was stopped
when the end of the tubing reached the animal's pelvic regiomn. The plastic
tubing could be felt under the skin.

+ The "“delivery" needle was then taken off the tail from the othér end
of the tubing and only this was left in the animal's body. The tubing was
then held in.position by wrapping both the tail and the tubing with water-
proof adhesive tape. Enough length of tubing was given to the aniwal to allow
free movemen't in the cage. (Plate I).

At the other end of the tubing a 25 G 5/8 sterile, disposable needle
was inserted, which connected to a tuberculin syringe and this kept in the
syringe holder. The holder in turn was adapted to the infusion pump which

was regulated to deliver 1 ml of solution in an interval of 24 : 1 hours.

(Plate I)

2- Infusion: ) v

Each animal received an average daily dose of 1.75 uCi of tritiafed
thymidine per gram of body weight. The original radioactive solution was di-
luted to a volume of 1 ml using sterile Ringer's solution before use.

For 2 to 3 days after the insertion of the tubing, sterile Ringer's
solution was infused at a rate of | ml per day, so that the animals became
accustomed to carrying the tubing. '

The syringes with their content of 1 ml of diluted 3H-thyll1d1ne ver'e
replaced daily by new ones, in order to avoid leakage and bacterial contami-
nation. The changes were made before the syringes were coq.ﬂ.etely emptied,
so the lack of 3H-thym1dine supply during the change over was always less
then 10 minutep.

This experiment was scheduled in such manner that 10 animals were 'in- N
fused at a time. A total of 20 animals was used in this experiment of comti-
nuous infusion of tritiated thymidine, and they were sacrificed in groups of
5 after 1, 3, 6 and 9 days of infusion.

Buring the infusion interval the animals were kept in individual cages;
Purina lnborntoﬁ chow and water were given ad libitum. The cages were kept
in & hood, with reasonable ventilation and the temperature varied from 219C

to 29°C, with an average of 27°C.



The method developed by Cheng & Berry ('72) with slight modification-was
used: '
1- Preparation of gelatine coated slides:

a) Nine grams gelatine powder and 100 ml distilled water were thoroughly
mixed in an Erlenmeyer flask and placed in a water bath at about 500C 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 - 40°0C, always kept in a
warm water bath, then transferred to a Coplin jar, which wasNalso kept
in the water bath. '

c) Bubbles were removed with folded tissue paper.

d) Commercially available pre-cleaned microscopic slides were dipped into
the 9% gelatine solution and then placed vertically on drying racks. In
the continuous infusion experiment, the slides were also washed in chro-
mic acid solution, rinsed in distilled water and 70% alcohol before dip-
ping into the gel;tine solution.

e) The slides were allowed to dry for a few minutes, shaken to remove the
excess of gelatine solution and dried overnight at room temperature, pro-
tected from dust. ' , .

f) The gelatine coated slides were kept in clean and dust free slide boxes

until the moment of use.

~

2- Preparatipn of monolayers of mesothelial cells:
a) Tﬁe organs to be studied were removed from mice under ether anaesthesia

and placed in Rlnger'i solution. . ' .
b) Large organs were cut into smaller pieces. The intestine was divided in-

to regions, duodenum, jejunum, ileum, cecum and colon, each one of which

was cut into 15-20 mm long pieces. (
c) Each piece of material was washed 3 times in different Ringer's solutions

to clean off blood and luminal contents. -
d) It was then blotted on one side with 3 changes on a sheet of tissue pa-

per in about 15 seconds. This removed the excess of Ringer's solution

but did not allovw the piece of tissue to dry out. -
e) The unblotted side of the piece of organ was placed face down on a gela-

Kl
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tine coated slide. An uncoated slide was d to press down gently for
. 10-15 seconds on the piece of material. u'l'_::hoth the slide and the piece
o of tissue were c;tefully removed from the gelatine coated Slide.
. f) Under these conditions, a monolayer of mesothelial cells was left behind
attached té the gelati?e layer.
g) The slide ’;ha allowed to d.ry at air for 2-3 minutes; then placed in ace-
tone-free methanol (100%)for 5 minutes to fix the cells. The interval of
10 minutes was used in the continuous infusion experiment. g

h) They were air dried and ‘later radiocautographed.

Radiocautography was processed according to the coating technique by Ko-
priwa & Leblond ('62). )

The emulsion coating of the slides with monolayers of mesothelial cells
was carried out in a dark room maintained at 28°C and 80% of relative hu-
midity. ' .

The slides were dipped in undiluted radioautographic Kodak NTBj emulsion
and allow to dry by standing at a slight  angle on racks for one hour. Then
they were placed in light-proof plastic boxes and in the refrigerator at
4°C for exposure, which varied from 6 to 8 days in the different expettmenfs.

After an exposure time of 6 days, the slides of the single lnjecttoﬁ ex-
periment were transferred to proper racks, developed for 6 min in D-170 (pH
7) freshly prepared, rinsed in distilled water for 30 s and fixed in a so- ~
lution of 24% sodiumthiosulphate (pH 6.8) for 3 min. Thenthe slides were
washed in gently running tap water for 10 min, rinsed in distilled vater and?
allow to air dry in a dust-free cupboard. All the processing solutions and
water used were at 18°C. 2

The slides obtained from the continuous infusion exl;erl-ent were exposed
for 8 days and developed in 10°C solutions of developer D-19 b for 7 win,
then rinsed in distilled water for 30 s, fhkd in acid fixer from Kodak for
15 min. Then the slides were rinsed for 1/2 hr under running tap water at

18°C, rinsed in distilled water and put on racks for drying in a dust free

cupboard. \
The developer D-19b was prepared as following:
. metol (p-methyl aminophenol sulphate) - 2.2 8
< -9- i "
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sodium sulphite (anhydrous) - 728

hydroqulno?e - 88g
‘aodtuk carbonate (anhydrous) - 48 g .
potassium bromide - 418
water to S \\\;//T’T\
—

IS

' ir Preparation of modified MacNeal's tetrachrome stain for radioautogra-
phy (Osmond et al., unpublished): )
a) stock powder - 1 g mekhylene blue chloride
0.20 g methylene violet' (Bernthsen)
0.60 g Azure A . h
1 g eosin Y
i Mix thoroughly and store in a small dark bottle ,
~b) atock stain solution - 0.150 g of stock powder was dissolved in 100 ml
! 7 acetone-free methanol by heating on a hot plate until boiling potnt wvas
just reached (approximatoly’50°c) The solution was shaken fro- time to
time+and removed from hot plate when bubbles were formed. It was kept
covered to avoid evaporation, shakeh thoroughly and incubated at 37°%
for one day. Raltdué was then filtered off. The solution was stored in a

dark, air-tight bottle and- in refrigerator~unttl the moment of use.

2- Preparation of SHrensen phosphate buf fer at pH 6.4:
M 14\N32HP04 (9.47 g/1) - 267 wml
M 15 KHaPO, (9.08 g/1) - 733 ml !

k)

. 3- Staining process:
a) The stock stain solution was diluted with Sﬁrenl%n phosphate buffer at

pi 6.4 in the proportion 1:2 just before use.
| b) The slides already processed for radiocautography were placed horizontally
‘ on staining racks. '
c¢) They were then covered with approximately 3 ml of the diluted staining
" solution and left for 6 min 30 s . '
d) The staining solution vas washed off with buffer solutionm.
e) The slides were covered with buffer for 1 min .
. f) They were then rinsed with the buffer solution and allowed to air-dry.

"g) Coverslips were then mounted with Permount.



Binocular Reichert and Wild light microscoped were uged for the cell count-
ing of the specimens obtained. First the slides were scinned under low power
(X 100) so that a larger field could be observed 4t once. When sheets or ’
strips of mesothelial cells were found, high dry magnification (X 400) was
used. If the group of cells occupied more than 3/4 of the field at this mag-
nification, oil iwmersion (X_1000) was used and the number of labeled and
unlabeled cells was recorded. \

Cells badly fixed and those which did not present typical mesothelial
cell characteristics were also foynd in the slide, but they were not includ-
ed 1in the counting because their identification was uncertain.

The silver grain background was checked in randomly selected areas where
no cells were seen, and it was fout{d that in general the number of silver
grains present in an ate; approximately of the mesothelial cell nucleus size
varied from 0|to 4. So all the nuclei with more than 4 silver grains were
considered labeled. A minimum of 6 s\ilver grains was used for the counting
fn the continuous infusion experiment because the background showed a htéher
average of 5 silver grains per ar.ea considered.-

Labeling indices were than obtained.

The animals were given a lir:gle intraperitoneal injection of 3H-thy-
midine, 10 'uCi/g body weight and sacrificed one hour later. Under ether an-
aesthesia the abdomtnalygnd thoracic cavities were opened, portions of dif-
ferent organs removed and monolayer preparations of mesotheltum made,

A group of 6 male, 4 months + 1 week old Swiss mice was used f;‘r the
preparation of material from the intestine; pieces from duodenum, jejunum,
lleum’, cecum and colon w‘l;uaed.

A second group of 6 similar animals was used to obtain\onolayer pre-
parations of the mesothelium lining the abdominal and thoracic’'walls, cover-
ing the serosa of thelubmch, liver, spleen, kidneys, visceral pericardium
and abdominal side of diaphragm. )

~11- ; :
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A group of 5 ’?mh vas used for each t:'i;le inte_n}nl. of infusion,

that is, 1, 3, 6 d\ 9 days. M\polnted out ’lbove, the mice were initinlly
allowed to adj‘ust themselves for 2 days to the tubings inserted into their

‘tails. During this adaptation period, 1 ml of sterile Ringer's solution

was infused daily into each animal. After that, an ;vercde daily ambunt of
70 uti of ~3ll-thy-id1ne diluted in 1 ml of sterile Rinéer'-' solut{on was

infused subcutaneously. 1

After the 'pre-established interval of infusion the animals were sacri-
ficéd and monolayers of mesothelial ;:ells were prepared frdm the different

regions of the gastrointestinal tract, that is, stomach, duodenum, je junum,

ileum, cecum and colon. . b

~12.
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RESULTS

General Aspect of the Monolayer Preparations

Sheets and strips of monolayers of mesothelial cells were found spread
over the layer of pale pink gelatine coat on the glass slide. T/he cytoplasm
of these cells was very thin and the cell boundaries were not e evident
by the staining method used so that only the nuclei were conspicuous. They
vere found to .be arranged randomly in most of the times, but row-like orga-
nization was found in some regions of the gastrointestinal tract. (Plate II)

Isolated and groups of peritoneal fluid cells (macrophages, lymphocytes, .
monocytes, leukoéyg:es), hepatocytes, splenic cells, fibrocytes, red blood
cells, intestinal epithelial cells and intestinal contents were occasiomally
found in these preparations. But the identification of the mesot:h'eltal cells
was usually iwmediate so that all the others were excluded from the study.
Nevertheless, whenever the identification presented any doubt the cells were
not taken into consideration. . '

The labeled wmesothelial cells were either gathered in groups or isola-
ted on the -onofipt preparations. (Plate II) The peritoneal fluid cells
and the intestinal epithelial cells were also found to be labeled and in a
higher ‘percentage than the mesothelial cells. This occurred in preparations

taken from all time intervals:

Morphology of the Mesothelial Cells

The -escitheltal cells constitute a simple squamous epithelium. They
have a more or less centrally located nucleus which wmay vary in shape from
round to elongated. As the cytoplasm is very thin, it either stained very ‘
light blue or wvas unstained. Cell boundaries were not demonstrated, so the
nuclql vere the main structure obgserved in these preparations.

By using MacNeal's tetrachrome the mesothelial cells' nuclei stained
pink, with dark chromatin granules the number of which varied from 2 to 20
or wore. They had an evident nuclear euvelope. There could be one or two nu-
cleoli, which vere small, round and stained pale blue. (Plate III)

A comparative study was done on the shapes and sizes of the nuclei from
the different organs and the oval shape was found to be predominant in all

) -13- |



regions, while the average size was 150 umz, ranging from 56,2 um2 to 437.Sum2.

There was no significant difference amongst the nuclei of the various organs
either in shape or size. Nuclei with more elongated shape may be result either
of stretching of the organ caused by larger amount of internal content or
stretching of the specimen during the preparition process. The individual
finding far each region is listed on Table II.

Mitotic figures were well demonstrated in these preparations, (Plate 1v)
but the identification of early prophase and late telophase was difficult be-
cause the interphase nucleil ofteg presented large chromatin: granules similar
to tho;e of thess phases of mitosis. Also the variation in the size of 1nteg-
phase'nuclei made impossible the use of nuclear size as a criterion for iden-~
tificationl As mitotic figures were rare or absent it was not possible to ob-
tain the mitotic index of this cell population, !

The mesothelial cells showed a varied incorgggation of 3H-thym1d1ne 8o
that while some nuclei were completely covered by silver grains others had
only few, sometimes less than 10. The range of 50 to 100 silver grains per
nucleus was more frequent. (Plate V) ' ‘

The distribution of labeled nuclei was not completely at random be-
cause regions with high numbe® of labeled nuclei were found in all 'the organs
studied, as well as areas without any. Nevertheless, isolated labeled nuclei
were aiso observed scattered on the preparations. (Plate II) In the continu-
ous infusion experimenE some specimens presented pa{red nucleli as a result of
the division of cells previously labeled. (Plate II, fig. c)

! Labeled prophase, metaphase and telophase were found in preparations
wade from animals infused for 3 days or more. They were more frequent in pre-
parations obtained from the serosa of stomach and cecum, Only one anaphase

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

Pulse Labeling Experiment

Six male, 4 months + 1 week old Swiss mige were given a single intra-
peritoneal injection of 10 uCi of 3H-thym1dine per grim of body weight and

sacrificed under ether anaesthesia one hour later, HonJiayer preparations of

.the megsothelial cells were made from the intestine divided into regions, name-

-'ly, duodenum, je junum, ileum, cecums and colon.

»

A similar group of 6 animals was sacrificed under the same conditions
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and slides were made from the mesothelium lining the thoracic and peritoneal
cavities, covering the serosa of stomach, liver, -gleen, kidneys, visceral
peric‘rdium and abdominal side of diaphragm.

After fixation the slides were dipped and exposed for radioautography
for 6 days, developed, stained and analysed. The total number of cells count-
ed per animal, the labeled cells and the labeling indices are lho;n in Table
I11. The ﬁean labeling indices with the standard deviations of each-qne of
the regions are illustrated in Graph 1.

It is observed that the visceral pericardium had the lowest labeling
index, 0.10% + 0.09%, and the duodenum the highest one, 2.98% 0.501.'A ra-
ther high standard error had been found however, mainly due to individual
variation between and within animals. The number of cells investigated in
each animal also varied.

By comparing the mean labeling indices on Graph I, two different pat-
terns of behaiior could be stinguished, one with more than 1.50% of the
population incorporating 3u- ymidine, and the othgr with less than 1Z. In
the first cnteéﬁry are duodéenum, je junum, ileum,_éecum. colon and spleen,while

stomach, liver, diaphragm, abdominal wall, pleural wall, kidneys and pericar-

dium belong to the second. (
Turnover rate is the fraction of the cell population replacéd\yer unit
of time (Leblond & Walker, '56), and is calculated from the ratio between R

the labeling index and the length of DNA synthesis duration. If the S phase
duration is known it can be calculated by dividing the labeling index by the
S phase time. As the S phase duration of the mesothelial cells in wmice has
not been calculated with precision, we tentatively used the value obtained
by Diment ('69) for the mesothelial cells “in rat, that is, 12.5 hrs.. The
values resulting from dividing the labeling indices obtained in the pulse
labeling experiment by 12.5 hrs. are the percentages of cells replaced in a
one hour period. By multiplying these figures with 24 hrs. one gets the turn-
over rates per day, as listed on Table VII.

The cells from the gastrointestinal tract and spleen presented rather
high values, ranging from 1,207 per day to 5.76% per day.jwhile those from

the other regions had a lower value, less than 1% per day.

i
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Continuous Infusion Experiment

The mice were separated at random and gathered into & groups of 5 each
for the different durations of infusion: 1, 3, 6 and 9 days ./ Then each animal
had the tubing inserted, was put into individual cages and given a continuous
infusion of H-thymidine. The experiment was scheduled in such a way that 10
animals were infused at a time. :

Although the mice usually became well adapted to the inserted tubing, a
few of them managed to biite it; they were then discarded and replaced. 'l‘ll\e
tubing was long enough so that the mouse could move freely aro;nnd the cage
and reach food and water. In this manner almost no apparent stress was put on
the animals during the experimental period and consequently the conditions
were as close to normal as possible.

Sacrifice of the animals was performed in the morning with an interval
of | hour between two consecutive killings. Monolayer preparations of dif fer-

ent regions of the gastrointestinal tract were made and fixed for radiocau-
tography. After the slides had been exposed, they were stained and analysed.

In this experiment minor changes were made on the process of coating
the microscopic slides with gelatine solution. It had been found that many of
the monolayer spreads of mesothelial cells had fallen off the slides during
processing. The following modifications were tried in an attempt to 1q)x‘o've
the adhesion of the monolayers of mesothelial cells onto the slides:

a) Different brands of microscopic slides were tried- precleaned Fisher and
Canlab slides. {

b) Various slide cleaning methods such as using chromic acid solution, omly
70% alcohol solution or simply wipiag.. the commercially precleaned slides with
tissue paper. , ; '

¢) Temperature of the water bath in which the gelatine solution was mairntained
during the dipping procedure was kept at 350C or at 40°C after dissolving

the gelatine at 50°C. L

d) Different conditions of .h;mldity for the drying of the gelatine coated
slides, that is, room coundition (40-60% relative humidity), humid chasber

(90% relative humidity) or cold room (49C. and approximately 80% relative husi-
dicy). C

e) Different concentrations of 3elnt1hb solution, that iz‘, 5% or 9%.

£) Gelatine film hardening methods were triedk special exposure of \n’t“;cf,ln-
tine coated slides to formaldehyde vapour in a closed chamber; dipping th- .

2 "6'
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vet gelntf;o coated slides into 1% formaldehyde solution; adding 0.9% or 0.09%
potassium chromalum into the 9% gelatine ué&utlon; or 0,5% or 0,05% potassiun
chromalum into the 5% gelatine solution; dipping wet 9% gelatine coated sii-
des into 3% potassium chromalumgolution, !

g8) Other coating materials were tested: agar (1% Difco noble agar + 1% NaCl +
110,000 methyolate) ; agarosé (1,5% lolqtion); ndhegive'dgar (0.1% Difco noble
agar + 0.1% glycerol); adhesive agar + 9% gelatine.

h) Very light or very hard pressure on the tissue at the stage of transferring
the mesothelial cells from the organ onto the galatine coated alide,

1) Longer time of fixation - Instead of 5 min the preparations were fixed for
10 min in acetone free methanol,

}) "Cold" development of radicautographic emulsion - Instead of 189C the pro-
cessing solutions were kept at 10°C and the develaper was D-19 b instead of
D-170.

After trying different combinations of the above mentioned procedures
it was found that the brand microscopic slide did not influence the quality
of the brepuritlons, 40 Ftchér brand was kept in use, Also the different clean-
methods did not give any noticeable difference; consequently the moat complete
procedure, using chromic acid was chosen in order fo avoid any poesibility of
retaining grease or dirt on the slide, ‘ ! ’

Slides subbed in agar, agarose, adhesive agar and adhesive agar + 9%
geiatine solution were not suitable for the preparations because it was diffi-
cult to obtain a thin and uniform layer. The layer also came of f or was torn
ghen the tissue was applied to it and the celln\were not held.

Slides coated with 5% gelatine solution with or without potassium chro-
malum when dried under room conditions removed the mesothelial cell layer from
the organ, while those dried in cold room removed less and those lefi overnight
in humid chambers removed oply small number of cells or had the gelatine layer
lacerated. This also occurredwith slides dipﬁed‘ln 9% gelatine and left in
humid chamber and cold room. But in all cases the number of cells obtained
was smaller than when glided subbed in 9% gelatine + 0.09% potassium chroma-
lum were uaed: '

Flocculation occumed when 0.5% and ‘0.9% potassium chromalum were added
to ST and 9% gelatine solution, respectively, 81uf1|rly the gelatine layer
precipitated when 9% gelatine coated nltdccfvcro dipped ﬁnto 31Ipotalllun chro-

. malum solution,

-17-

b M L T

3 -

e -

L .

%@ :
Kilvre »



3

As a result of these trials it was decided that the slides would be dip-

- ped into 9% gelatine solution with 0.09% potassium chromalum using a water

bath at 40°C; the slides would then be air dried; thenl be pressed gently - and
firmly\agai‘rgat’the tissue for the rem\;al pf-mesothelial cells. Once"thele
cells were on the slide, they were fixed -in acetone-free 100% methanol for 10
win, air dried and radicautographically processed at 10°C.

The labeling indices of mesothelial cells collected from different re- -
glons at various time intervals of continuous infusion are listed on Table IV.
The number of cells that were countable in each animal varied greatly. The
duodenal outer surface is the region where the sm\alleat numbers of cells were
collected, whereas the cecal surface that in which the largest numbers of cells
were obtained. As for the results of the counts,there was large individual va-
riation and, therefore, the standard deviation was high wdthin any given re-
glon.

An increase in-the percent labeled cells with the duration of infusion’
period has been clearcut in all regions except duodenum, as shown in Graph II —

which relates the behavior of the gastrointestinal regions to the time inter-

‘val of continuous infusion. Each point 18 the mean value of the labeling ip-

dices obtained from a group of animals, While stomach, jejunum and ileum
showed smoothly increasing labeling” indices throughout the infusion period,
the increase was irregular in.c and colon, and was not distingt in duode-

num,
\_“ By plotting labeling indices versus days of subcutaneous continuous in-
fusion, linear regressions were obtained, as shown on Graph III. The regres-
sion equations were calculated for each region of the gastrointestinal tract
and are listed on Table V. Only cecum and colén showed tantial rise in
labeling with time, and ileum had an extremely low in::::::.\

‘ As turnover rate is the fraction of the cell population replaced per
unit of time (Leblond & Walker,'56), it can be obtained by divld}ng the in-
crease in labeling index within a time interval by this time interval- So, '
by taking the labeling index increase between 2 instants from the regression
line of labeling index versus time of infusion, and dividing it by the timg
interval comsidered, the turnover rate per day is calculated, The values cal-
culated for the different regions in the gastrointestinal tract are listed on
Table VIII and only cecum and colon presented figures higher than 0,20% per )
day. /

>
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DISCUSSTION

v

’ Qkae Labeling Experiment °

Due to its importance in the’ process of sirgical recovery and wound
healing, the regeneration of the peritoneal mesothelium has been widely stu-
died. Much work has also been done on the effect of different types of sti-
mulation to which mesothelial cells respond, Although it is well known thst °
new cells appear under stimulation, it is not clear whether they come from
pre-existing mesothelial celcls that survived tHe trav;ma or from those peri-
pheral to the injury, or from peritoneal fluid cells; such as macrophages
and other mononuclear cells, or even from the differentiation of lymphocytes
and underlying fibrobla;ts. Whether mesothelial cells desquamate into the
peritoneal and thoracic cavities under normal conditions also con‘ntii:ute, the
sub ject of many studies, as mentioned in ghe introduction. B

. Yet the proliferative behavior of mesothelial cells has no/bsqn ana-
lysed in as detailed a way, especially under normal conditions. The %tudiea
have dealt with their reaction to excision of p;tf:etal peritoneum in the rat
(Bridges &oWhitting,'64), stab wound of the peritoneal mesothelium in the
young rat (Diment,'70), intraperitoneal injection of different doses of cor-
tisone into mice (Davis & McGowan,'70), effects of intratracheal infusion of
chryselite asbestos suspensions on fat viaceg/‘al pleural mesothélium (Bryks &
Bertalanffy,'71), response of rat pleural and ?n;itoneal megothelium to ﬁhy-
tohaemgglutinin, endotoxin ‘and “bovine serum album‘in (Mohr et al.,'71a,b,
'72:,b) . <&

Under normal conditions, Leblond & Walker /('I56) stJated that this popula-
tion did not renew for they had not found mitoses in their studies; however,
Berq,hnffy & Lau ('62) and Bertalanffy ('67) obtained a daily mitotic index
of as much as~3% in the mesothelia of pledra and peritoneun, giving a turn-
ver time of 33.8 days. Diment ('69) made a thorough study on the development

‘of peritoneal mesothelium in rat embryos and newborns and found that the pro-

liferative activity, decreased with age, and the population was considered by
him as a ;eqéving system, with a labeling index of 0.67. in 3 months old rats
and 0.7% in one year old animals.

In our experiments in which 4 months ¢ 1 week old male mice were sacri-
ficed 'hr. after a single intraperitoneal injection, the mesothelium lining

’ . B
> '
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the abdominal wall had a much lower labeling index than Diment's result,
0.19% + 0.11%, while that covering intestine and spleen pt};eo}gnted bigher la-
be«ling indices, between 1.48% and 2.98%. The other organs showed slower be-
havgor, with labeling indices less than 0.60%. T
- Mohr et al. ('71a) studied on "HMutchen" preparations the ¢ffects of
intraperitoneal injection of phytohaemagglutinin in rats and foun}[i*“ri'; the
congrol animals 0.5% <L.I.< 2.8% for the pleural mesothelium, and 1.2%<L.I.
<2.1% for the peritoneal meaethelium. both higher than our figures, 0.24% ¢
0.07% and 0.19% + 0.11%, respectively. The same authors ('72 b) obtained a
different value, L.I.€0.6% for their control animals in at experiment on
the proliferation of peritoneal cells induced by bovine albumin in the rat
and this figure i8 closer to ours.

Although the regions studied are different, Bryks & Bertalanffy ('71)
found a similar labeling index, 0.38% + 0.28%, for their control animals'
visceral pleural mesothelium in their studies on the it'eact;i.on of rat pleural
megothelium to i}xtratracheal infuoion of chrysolite suspension, as a result
of counting labéled cells in cross lectiom of lung.

These results obtained from adult rata,,‘cnd mice gsacrificed 1 hr after
a gingle intraperitoneal i.nj‘ection/ of 3u-, -thymidine definttel.y suggest -that
the’ meaotheli.al ¢ells 1ncorpout:e this radiou:tive precursor of DNA and un-
dergo mitosis, indicating ptoliferation of the population. (

Diment ('69) calculated a turmover time‘of.gp to .50 days fo¥ the ‘peri-
toneal mesothelium of raits of 5 days age and th.e‘;eforeﬁclulified it as a
renewing system, in agreement vit)\ Bertalanffy & Lau' ("62) who obtained a

. turnovér time op 33.8 days for the pleu;'al. and peritoneal mesothelia from .

the daily mitotic indices.
In the experiments on the effect of phytohaemgglutinin Mohr et al.
('71) found a labeling 1ndex of approximtely 2% for the mesothelium of abdo-
minal wall and 2.5% for the diaphragm mesothelium of 4 weeks old rats, giving
a rough turnover tima of 26.04 and 20.83 days, respectively. These values
are close to those obtashed by Diment 13\‘.111. 5 days old rats experiment. The
same authors ('72) in théir work on the prdliferation of cells in the peri- .
toneal cavity of 3 months old rats induced by endotoxltn obtained a lower fi-
gure for the labeling {ndex of the control animals, approximately 0.5%, giv-
1n3 a turnover time of 104,17 days. X N ; t
Although the incorporation of 34-chyaidine by -e.othelial cells 1in our
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experiment suggested renewal, the estimated values of turnover rates of the
cells showed that it only occumsd to the mesothelia covering the serosa of
the gastrointestinal tract and spleen, and not to those of other regioms, °
that is, diaphragm, liver surface, abdominal wall, pleural wall, visceral
pericardium and kidneys. As turnover rate is the amount of cells replaced

in a population per time unit, the turnover time can be calculated from this
ratio and it is inversely proportional to the rate. So our results would give

very long turnmover times.

Continuous Infugion Experiment

L4

Domm, Cheng & Leblond ('70, unpublished data) found heavily labeled me-
sothelial cells lining the intestinal serosa of female adult mice treated with
intraperitoneal continuous infusion of 3B-thymidine (1.75 uCi/g body weight
per dnya),\ sacrificed 10 hrs., 2, 4, 6, 8 and 10 days after the beginning of

infusion and 4, 8 and 12 days after a period of 10 days infusion. The percen

tages of labeled cells were obtained from seriali Epon embedded cross sections

of 1 um thickness of the je junum and are listed on Table VI and illustrated

on Graph IV. After a 10-day period of infusion a labeling index of 70% was

found from which a turnover time of 14.3 days was calculated, which is a fair-

ly rapid renewal of the serosal mesothelial cells covering the jejunum. The *
turnover rate for this population is approximately 7% per day.

Our present results from male adult mice treated with subcutaneous com

tinuous infusion of 3H-thymidine sacrificed after 1, 3, 6 and 9 days of infu
sion gave very different figures. The labeling was minimal and the calculated’
turnover rates very low, as shown on Table VII, su‘ggelting the renewal, 1if it
exists at all is very slow.

It is believed that the large difference in these two experiments is
due to differences in the degree of stimulation of the mesothelium associated
with the procedure. So the mesothelial cells coverin“g the jejunal serosa
presented the following labeling indices after 6 days of continuous infusion.
of 3H-thym1dine: 56 .47 in Domm et al.'s experiment, where the tubing vas im-
planted intraperitoneally, and 1,03% & 0.54% in o;xu, vhere th; implantation
_ was ;:Ecutaneoun. Incidentally, the quality of the monolayer preparations

used in the present work gave more accurate results than in Domm's. In cross
sections of the jejunum, wgsothelial cells are relatively few, whereas they,
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are numerous in monolayer preparations. Also the identification of these
cells is éasier and more immediate on the monolayer pupaeriona. N

Intraperitoneal injections of phytohaemagglutinin (Mohr et al.,'71 a,
b), endotoxin (Mohr et al.,'72 a) and bovine serum albumin (Moht et al.,'72b)
showed that mesothelial cells are highly sensitive to these irritants and 48
hours after the stimulation these cells had a considerable\increase in their
labeling indices (3H-thymidine injected 1 hr. prior to sacriftce‘). This sug-
gests that the high labeling index obtained by Domm, Cheng & Leblond is due
to some sort of stimulation induced by intraperitoneal infusion of radioac-
tive thymidine; presumably the presence of the tube introduced into the pe-
ritoneal cavity irritated the mesothelium. Stimulation was avoided in our
experiment for the tubing was introduced through the tail, under the skin
and did not reach the body cavities.

The presence of - labeled mitotic figures after 1, day of continuous in-
fusion confirms that cells which take up 3H-thymldine undergo division, and
proliferation occurs to some extent in this population.

It has been observed that localized areas of labeled nuclei are more
frequent than isolated labeled nuclei in the preparations. These may corres-
pond to an area which somehow was stimulated. Slmtl;r observation vas made
by Schwartz‘& Benditt ('73) in aortic endothelium of adult and newborn rats,
These authors injected intraperitoneally into Wistar-Frith/Mai rats 3 times
(17, 9 and 1 hr. prior to sacrifice) 3H-thym1d1ne (0.5 uCi/g-body weight)
during a 24 hrs. period. En face preparationl‘ of the aortic endothelium were
made, the distribution of labeled nuclei was mapped and it was found that the
labeled cells gathered into geographic regions in both adult and newborn ani-
mals, although in the latter the over-all rate of labeling is higher. The |
sawe investigators suggested in their paper th{-ee possibilities for this kind
of behavior: shorter life span of some cells due to local disturbances as a
result of hemodynamic flow, steady state wmairtained by migration of cells
produced bSr the centers of labeling, or regions of high labeling involved
with growth of that area. .

Bertalanffy ('63) in his studies on the cell formation and exfolifation
related to cytodiagnosis found sporadic mitoses as well as desquamation in
the mesothelia lining the pleural, perlcktzdlal and abdominal cavities and or- ,
gans contained therein. He also observed _uglon‘al differences of, reneval rate

and no morphological differences between ‘the cells of various regions. These




data led him to conclude that different continuous renewal rates are present
in mesothelial cells lining different body cavities and viscera and that the
cells are in advanced stage of differentiation but still preserve their po-
tentiality to divide. Except for the fact that our study did not involve des-
quamation, these findings are confirmed by our results.

The regression lines of labeling index versus time of infusion on Graph
ITT suggest that the proliferative behavior of the mesothelial cells from dif.
i ferent regions is very different from each other. But all of them present a
rather slow increase in the labeling index throughout the time. Colon and ce-
cum are the ones that show a slightly higher degree of proliferation by having
a higher slope value (Table V), maybe due to moxe bowel movement or by suffer-
ing more outside influence, and so wearing off faster.

The low turnover rates calculated in this experiment indicates that no
renewal occurs in the population and though the mesothelial cells which incor-
porate 3H-thymidine undergo mitosis later, the new cells are not numerous e-
nough to reblace the whole cell population, as what occurs to a renewing sys-
tem, The high sensitivity of these cells to irritants, the non-random distri-
bution of labeled nuclei in the monolayer preparations and the high indivi-
dual variation of labeling index between animals sugselt'that the new cells
added to the population are either to compensate cell loss due to external

"stimulation or to contribute to the growth of the organ involved. This way,
the mesothelial cells do not form a remewing population, but should be con-
sidered as an "expanding" population. ) ‘

1f the two experiments, pulse labeling and continuous infusion, were
compared, it is noticed immediately the large difference between the turn-
over rates calculated from each. Various fennon. could explain this kind of
diversity {n the behavior. As the DNA synthesis phase duta;ion is unknown
with accuracy in the mouse, the figure used to calculate the tyrnover rates
in the first expgriment vas obtained by Diment ('69) in his sfudies on meso-
thelial cells in the rat,

The mice in the first experiment were kept in groups of 5 in a cage,
while those of the second were put into individual cages. It is known that
these animals are active and so they may have involved themselves in fights
wvhen put together and so have damaged or stimulated somehow mesothelial
cells of few regions.

Diurnal variation constitutes another possible reason for explaining
the difference. This factor would ndt influence the continuous infusion ex-

periment because radioactive thymidine was supplied for the whole day. Di-
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ment ('69) observed a higher mitotic index late night and early morning, so
the highest labeling index would ,ber oburved\ late morning and early aftermoom ,
for the DNA synthesis phaic duration is 12.5 hrs. and the minimal G, phase
duration is 1.5 hrs. (Diment,'69), giving a minimal interval of ¥ hours be-
tveen the peak of S phase and of mitosis. The animals llctlf;?d in the late
worning in i:t;e pulse labeling experiment would have given higher labeling
index and so thé difference found between the turnover rates obtained from
the two experiments. ’ - ) .

Radiation damage should not be considered as a cause for im both Domm
et alls and our experiments no damaged mesothelial cells nuclei were observed
and the doses used were similar and not more than 2 uCi/g body weight.
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SUMMARY AND CONCLUSTIONS.

The proliferative behavior of the mesothelial cells from the parietal
peritoneum, serosa covering the gastrointeatinal tract, lier. spleen, kid-
neys, abdominal side of the diaphragm, parietal pleura and visceral pericar-
dium in the mouse has been studied with radioautography of monolayer prepa-
rations.

‘ Four months t 1 week old male Swiss mice were either sacrificed 1 hr.
after a single tntraperitoﬁeal injection of 3H-thymid1ne (10 uCi/g body
weight), or after 1, 3, 6 and 9 days of treatment with subcutanecus conti-
nuous infusion of 3H-thym1d1ne (1.75 uCi/g body weight per day), and mono-
layers of mesothelial cells from the different regions were prepared.

Labeled cells,scattered on the preparations, were found to be either >
in groups or isolated, suggesting non-random distribution of proliferating
cells. They had different degrees of incorporation of radioactive thymidine,
indicating asynchrony of the cells in the DNA synthesis phaae: Labeled mito-
tic figures and paired labeled nuclei were found, indicating that the inter-
phase cells whfch incorporated 3H-thymid1ne in a previous instant entered
into division, confirming the fact that cells which uptake this radiocactive
DNA precursor undergo mitosis. j

An increase in the labeling index with time of infusion was observed
in the continuous infusion experiment and labeling indices of different re-
rgtohs of both experiments showed high individual variation. The turnover
rates calculated from the regression equations were too low to indicate re-
newal.

Other studies have shown that tLhese cells are sensitive to stimull
from the animal itself or the environment. This may be the reason for the
large difference found in the labeling indices of the present investigation
apd a previous one by Domm, Cheng & Leblond ('70, unpublished data). This,

\’ucll as diurnal varlatlon,‘axplatns partially the different results found
between the pulse labeling and the continuous infusion experiments.

In conclusion, the mesothelial cells lining the abdominal and thora-
cic cavities and some organs therein incorporate tritiated thymidine, show-
ing they are capable of proliferation. As the turnover rates were found to
be too lov it is suggested that these cells belong to the category of expand-
ing populations. The addition of new cells is either to compensate cell loss

L- . v
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due to local disturbances or to increase the number of cells due to ‘body

growth, or both. It is suggested that all the mesothelial eoli. have poten-
tiality to divide vhen required.

Migration of the new mesothelial cells could not be detected, and
also the problem of desquamation has not been studied in this present work. L
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Mode of administration
of 3H-thym1d1ne

TABLE I

i

r

Body weights of the experimental animals

Time of sacri.fige

after initiation

]

v N,
3
v e
. :
¢ #
g
1 u‘;
. -
|4
. 1 ¢ a a;
. X
1
s g <
~
‘ [
1
i
)
]
{
. 13
. , ,
Husber’ of Mean of body - -
, ,

: 'hni-ni’_ © ¢ weight fm g

injection

Subcutaneous
continuous

infugion

of experiment
- |

Single intraperitoneal

<1 hr

' Td
3d
6d
94

__(range)

-
»

12 36.2 (30 -'4GQ) &
31.6 (38 - 44).
39.6 (38 - 40),
38.6 (35 - 40)
38.8 (36 - 40)
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Note: Numbers in brackets are the sizes most frequently found in the
monolayer puparntlom\ /
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N 4 TABLE I . :
1 ) ‘\‘ , B h N ‘;
P}euéihelhl cells' nuclear shapes and range of size in pnz foupd - ~
in mice )
" . -Reglion . Round Oval Elongated.
I “, l B
Stomach , e ++ +++ +
4 Y, 100-225 (156.25) 50-200 (150, 200) 75-250 (150)
Duodenum " : ++ +++
[ 56.2‘45-125 (100) 93.75-200 (120) (/
- Je fanum N + C , +
.. . 100-225 (100, 156) 50-218.75 (150) 100 .
Ileum , - ++ +H¥ ’ +
© ' 100-156.25 (100)  112.5-437.5 (150) 250
. Cecum A , H+ '!-H‘ : \ “‘F *
. 100-156125 (125)  93.75<175 (150);, - 100
Colon’ * N H+ 4
,100-262.5 (156.25) .75-312.5 (175, 218) 100-437.5
The nuclei in this region aré larger than in other régions
* Spleen ) -+ +
' ‘ 75-200 (75, 150) 100-250
Liver L + + ~ +
. 156.25-225 (156.25) 93.75-375 100-225 (100)
f (93.75, 175) :
Abdominal ' + . +++ ' ++
Wall . 75.156.25 (100 _  62.5-300 (150) .  100-500 (100, 262.5)
‘ . 156.25) '
Pleural + ‘ + -
Wall 125 75-150 -(150) 75-125 (98.5)
\
Diaphragm + +++ . ++
56.25-175 (56.25) 112,5-150 (150) 75-100 (75)
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TABLE

of 3H-thymidine (10 uCi/g body weight)

s

v

P

o

.
I T
R AR Py
B SR RIRE Tt ¥ s, LA L T O

2 5
L.I. Total Lab. L.I. Total Lab. L.I. Total Lab. L.I,
(X) Cells Cells (%) Cells Cells (%) Cells Cells (%) Cells Cells (€))
0.60 2 0.61 13197 89 0.67 0.31 725 54 0.M
2.62 239 2.42 2498 80 3.20 3.60 4026 139 3.45
2.00 43 1.69 18456 1.05 1.69 5537 70 1.26
2.5 191 2.29 5170 58 1.12 2.07 10548 138 1.31
1.35 63 1.07 17874 2.66 2.64 1628 30 1.84
2.21 209 1.45 10936 3.65 3.03 4670 109 2.33
1.86 2 1.98 278 1.44 1.2 287 9 3.14
0.57 8 0.48 1276 0.78 0.53 4617 4 0,09
Abdowinal Wall 0.12 1 0.31 1029 0.29 0.24 6532 i3 0.20
Pleural Wall 0.52 4 0.11 5180 0.14 0.16 2922 11. 0.38
Pericardivm 0.21 1 0.12 2130 0.19 0.00, 282 0 0.00
0.28 s 0.23 1052 0.38 0.25 3082 8 0.26
0.28 "N 0.29 183 0.33 0.26 3194 11 0,34
2 fo mot corTespend o the tem smfeuls

Percent labeled mesothelial cells found in mice sacrificed 1 hr. after a single lntrapeéitoneal injection

. 6 :
Total Lab. L.I. Total Lab. L.IL.

4164
8409
6202

7650

4045
2954
1484
2766
5253

2389

14063

Cells Cells (%)

107
102
135
114

76

20
3

4
&4
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- TABLE - III
wg , -

Percent labeldd mesothelial cells found in mice sacrificed 1 hr, after a single intraperitoneal injection
of 3H-thymidine (10 uCi/g body weight) ‘

1 , 2 3 4 5 6 | .
tal Lsb. L.I., Total Lab, L.I. Total Lab. L.I. Total Lab, L.I. Total Lab. L.I. Total Lab, L.I, Mean L.I1.
11s Cells (%) Cells Cells (%) Cells Cells (%) Cells Cells (%) (Cells Cells (%)  Cells Cells (%) $+8. D, (B
993 12 0.60 330 2 0.61 13197 89 0.67 1274 4 0.31 7254 54 0.M - - - 0.59%0.16

698 123 2.62 9854 239 2.42 2498 B0 3.20 3851 139 3.60 4024 139 3.45 A4k 107 2.58 2.98 £ 0.50
547 111 2.00 8480 143t 1.69 18456 ‘193 1.05 1243 21 1,69 5537 70 1.26 8409 102 1.21 1.48 ¢ 0,36
650 169 2.54 8316 191 2.29 ‘ 5170 58 1.}2 11157 231 2.07 10548 138 1.31 6202 ]35 2.18 1.92 + 0,57
389 14 1.35 5877 63 1.07 17874 477 2.66 719 19 2.64 1628 30 1.84 7650 114 1.49 1.84 % 0.67
711171 2.21 14391 209 1.45 10936 400 3.65 5465 166 3.03 4670 109 2.33 4045 76 1.88 2.42 x 0.80 K
163 3 1.8 101 2 1.98 278 4 T.44 352 5 1.42 287 9 3.14 - - - 1.9 10.70
572‘ 10 0.57 1679 8 0.48 1276 10 0.78 5629 30 0.53 4617 4 0.09 . 2954 9 0.30 0.46 i 0.246
375 4 ©0.12 323 1 0.31 1029, 3 0.29 2052 5 0.2 6532 13 0.20 1484 4 0.27 0.19 % 0.1
!}03‘ 11 0,52 3807 4 0.1 5180 7 0.14 2557 4 0,16 2922 - 11 0.38 2766 20 0.72 0.24 t 0.07

]
955 2 0.0 817 1 0.12 2130 4 0.19 959 0 -0.00 282 0 0.00 5255 3 0.06 0,10 £ 0.09

278 11 0.25 2188 5 0.23 1052 "\qu 0.38 2808 7 0.25 3082 8 0.26 2389 4 0,17 0.26 ¢t 0.07
N » . -
s 0.28 3853 117 0.29 1831 g 6 0.33 12895 34' 0.26 3194 11 0.34 14063 44 0.317 0.30 £ 0.03




TABLE v
f
‘Percent labeled mesothelial cells after subcutaneous continuous infusion of 3H-thymidine (70uci/day) into mice

Anizal A B c ’ D E Mean
Total Lab. L.I. Total Lab. L.I. Total Lab. L.I. Total Lab. L.I. Total Lab. L.I. .
Region _ Days Cells Cells (%) Cells Cells (%) (Cells Cells (7) Cells Cells (%) Cells Cells (%) , _S.D.__ (%)
- 1 782 0 0.00 712 3 042 - - - 1223 1 0.08 10166 1 0.11  0.15 % 0.16
i 3 15596 205 1.31 4472 7 0.16 4677 70 1,50 16089 69 0.43 7879 81 1.03 0.89 t 0.57
_‘g 6 1431 28 1.96 5069 23 0.45 6509 36 0.55> 98 2 2.04 23503 58 0.25 1.05 ¢+ 0.87
9 9616 487 5.06 590 t 0.17 2670 25 0.94 1436 16 1.1 1777 13 0.73 1.60 + 1,97
5 1 296 4 1.35 454 7 1,54 292 1.03 3N } 2 0.66 1952 9 0.46 1,01 £ 0.45
@ 3 1608 31 1.93 629 6 0.95 253 1.19 90 0.00 1563 0.00 0.81 + 0.83
g 6 - - - 3557 27 0.76 3452 22 0.64 - - - 230 0.87 0.74 ¢ 0,10
s .. - - - 1236 32 2.59 10%2 2 0.20 1559 66 4.23 896 0.89 1.98 & 1.81
1 29 1 0.39 567 1 0.18 877 4 046 526 1 0,19 5155 20 0.39 0.32¢ 0.13
: 3 2006 25 1.25 7156 53 0.74 746 0.40 252 1 0.40 1100 3 0.27 0.61 % 0.40
_g: 6 2970 45 1.52 1976 13 0.66 6844 99 1.45 - - - 856 0.47 1.03 + 0.54
” 9 4723 42 0.89 931 12 1.29 323 35 1.08 3000 37 1.23 1932 24 1.24 1.15 % 0.6
1 701 1 0.14 599 2 0.33 441 2 0.45 2649 _ 4 0,16 3342 4 0.16 0.25 % 0.14
3 3724 16 0.43 8939 16 0.18 8394 29 0.35 2644 “ o0.08 988 3 0.30 .27t 0.12
§ 6 3538 41 1.16 4747 37 0.78 10973 45 0.41 1263 b 0.16 4311 15 0.35 0.57 + 0.40
- 9 8597 65 0.76 1867 _ 8 0,43 3614 18 0.50 - - - 4178 32 0.77 0.62 ¢ 0,18
> !
1 1003 1 0.10 10470 6 0.06 2220 2 0.09 2821 18 0.64 1182 11 0.09 0.20 £ 0,25
g 3 14583 132 0.91 1313 28 0.21 13420 12 0.09 21129 78 0.37 2222 4 0.18 0.35 £ 0.33 j
s 6 16147 381 2.69 34358 421 1.23 1837 56 3.05 25945 252 0.97 3406 2 0.06 1.60 % 1.24
9 9165 194 2.12 16594 238 1.43 9334 84 0.90 - - - 940 27 2.87 1.83 % 0.85
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. 1 782 0 0.00 712 3 0.42 - - - 0 0.15 z O.
j 3 15596 205 1.31 4472 7 0.16 4677 70 1.50 16089 69 0.43 7879 81 1.03 0.89 + 0.57
2 6 1431 28 1.96 5069 23 0.45 6509 36 0.55 98 2 2.04 23503 58 0.25 1.05+¢ 0.87
9 9616 487 5.06 590 1 0.17 2670 25 0.94 1436 16 1.11 1777 13 0.73 1.60 £ 1.97
E 1 296 4 1.35 454 7 1.5 292 3 1,03 301 2 0.66 1952 9 0.46 1.01 % 0.45
& 3 1608 31 1.93 629 6 0,95 253 3 1.19 90 0 0,00 1563 0 0.00 0.81 + 0.83
§ 6 - - - 3557 27 0.76 3452 22 0.64 - - - 230 0.87 0.74 £ 0.10
9 - - - 1236. 32 2.59 1012 2 0.20 1559 66 4.23 896 8 0.89 1.98 ¢+ 1.81
1 259 1 0.39 267 1 0,18 877 4 0,46 524 1 0.19 5155 20 0.39 0.32 ¢ 0.13
: 3 2006 25 1.25 ~7156 53 0.76 746 3 0.40 252 1 0.40 1100 3 0.27 0.61% 0.40
'3 6 2970 45 W 1976 13 0,66 6844 99 ‘1.45 - - - 856 4 0.47 1.03 £ 0.54
. 9 4723 42 0.89 931 12 ' 1.29 3234 35 1,08 3000 37 1,23 1932 246 1,24 1.15 £ 0.16
1 701 1 0,14 599 2 0,33 441 2 0.45 2449 4 0,16 3342 4 0.16 0.25 £ 0,14
. 3 3726 16 0.43 , 8939 16 0.18 839 29 0,35 264 2 0.08 988 3 0.30 0.27 £ 0.12
_§ 6 3538 41 1,16 4747 37 0.78 10973 45 0.4 1263 2 0.16 4311 15 0.35 0.57 £ 0.40
. 9 8597 65 0.76 1867 8 0.43 3614 18 0.50 - - - 4178 32 0,77 0.62 % 0.18
1 1003 ‘I\ \"Q,‘IO 10470 6 0.06 2220 2 0.09 2821 18 0,64 11842 11 0,09 0.20 £ 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 £ 0,33
S 6 141-47 381 2.69 34358 421 1,23 1837 56 13.05 25945 252 0,97 3406 2 0.06 1.60 £ 1,24 ‘
9 9165 194 2.12 16594 238 1,43 9334 84 0,90 - - - 940 27 2.87 1.83 % 0.8%
1 4466 1 0.02 4029 6 0.15 4%42 °~ 4 0.09 226 2 0.88 1556 1 0.06 0.24 + 0.36
$ 3 18957 116 0.61 13492 26 0.19 10362 58 0.5 3130 19 0.61 1338 1 0.07 0.61 £ 0.26
8 6 T 7812 331 4.24 9690 333 3.44 7467 27 0.36 8402 316 3.76 7316 53 0.72 2.5@# 1.82
9 4884 183 3.7 2522 159 6.30 7558 40 0.53 3023 16 0.53 281 2 0.71 2.36 £ 2.59
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TABLE V

Regtez.io‘:\ equlﬁom of mesothelial cells obtained from aniwals
treated with subcutaneous continuous infusion of 3ll-thy-1d1no
for 1, 3, 6 and 9 days

= 0.17 +0.16 x

Stomach Yy
Duodenum y = 0.64 #0.17 x '
Je junum y = 0.27 + 0.10 x
~ Ileum y= 0,18 +0.05 x N
bﬁ Cecum y = -0.10 + 0.23 x
Colon y =-0.12 +0.31 x
Where y = percent of labeled cella' £
‘ © x = days of infusion
- f '
A ’
¥ .
) LN, .

..
ol et e

T

K4

)
i



T e ey

TABLE VI

<

Percent mesothelial cells labeled after cont inuous infusion of
3a-thymidine directly into the wouse's peritoneal cavity
(Domm, Cheng & Leblond, ' 70,unpublished)

Jejunum

Days PA- Schiff Iron- Heq Interval
Hematoxylin mean
- % % B 1
0.42 <1.0 0 ao S
<1.0 0 <1.0 Q.0
2.0 - 1.7 2.0 1.9
’ 25.7 32.9 29.3 15.6
4.0 78.4 58.8 68.6
12.4 _ 10.1 1.3 40.0 A&
6.0 68.0 55.2 61.6
) 53.0 49.4 N.2 56.4
8.0 /, 69.9 66.7 . 68.3
k? - 54.3 . 54.3 : 61.3
10.0 72.0 T 2.0
- 74.1 %1 3.1
4.0 37.6 21.7 29.7
- 51.3 51.3 40.5
18.0 4.8 43.7 42.8
" 69.6 , - 69.6 56.2
22-0 36.6 . 8‘.9 “03 !
72.0 73.9 73.0 ‘ 78.7
.
x ) |
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, TABLE VI
Turnover rates (X per day) of wesothielial cells énlcuhtod
frow thé ratio of mean labeling index / 8 phase duration
{assumed to be 12.5 hrs,) of animals treated with a single
intraperitoneal injection of %-thyn&dino

Stomach 1.20
Duadenum 5.76
Je junum ' 2.88 . .
1leum 3.60
: Cecum 3.60

’ Colon ‘ 4.56

| Spleen 3.84
Liver 0.96
Abdominal Wall® 0,26~ ‘ ¥
Pleural Wall 0.48 ) ) \
Pericardium 0.24 ! _
Diaphragm 0.48 o
Kidney . 0.48
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Turnover rates (X per day) of mesothelial cells calculated
2 b
from te\gresslop equations obtained from animals treated

with subcutaneous continuous infusion'of

1, 3, 6 and 9 days

- Stomach
Duodenum
Jejuan
Ileum .

Cecum

Colon
e
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. * TABLE VIII
‘
3H-th’ym1dine for
.0.16 l’x,x
0.1 , £
0.10 -
0.05 - .
0.23. )
0.31 . ‘
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| br. after a single intraperitoneal injection of JH-thymidine
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Percentage of mesothelial cells labeled during and :
after a 10-day continuous iwaperitoneal infusion of ;
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PLATE I

> : o ,J
Experimental Set - up
Top: The' infusion pump :{th syringe holder ,
connected to plastic tubing inserted
in the mouse's tail. The mice are kept
in individual cages.

v Bottom: The plastic tubing inserted in the

‘ ' mouse's tail is wrapped th water- .
prgof adhesive tape. ough length
of tubing is given to allow free .

movement for the animal in the cage,
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PLATE II '
Arrangement of mesothelial cells nuclei on the monolayer
preparations. X520 magnification !
; ¢
a) Row-like arrangement without labeled nuclei, from the ¥
serosa of ileum
b) Random srrangement with a group of labeled nuclei
- (axrrowheads), from colon surface : ¥

c) hndo- artanae-ent with one pair of labeled nuclot
(artovheads). fro- cecal mesothelium
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PLATE IIX '
Morphology of mesothelial cells' nuclei. X 640 magunification : s
Oval, round and elongated nuclei with dark chromatin gra-
nules, 1 or 2 pale nucleoli (arrows) and evident nuclear
envelope. Diffuse cytoplasm is faintly seen in the bottom
figure,
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PLATE IV’ ‘

Mitotic figures of mesothelial cells as seen in a
monolayer preparation. X 1000 magnification

EP = early prophase ,
’ P = prophase ) ' .

N = metaphase
. ET = early telbphu'e "
LT = late telophase C
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PLATE V

Variation of 3H-thymidine incorporation by mesothelial

cells

a) General view of a group of labeled mesothelial cells'
nuclei (arrowheads) with heavy and medium incorporation of
JH-thymidine injected | hr. prior to the sacrifice of the
mouse ., 6 day-exposure X 5.20 magnification" , .

.b) Nuclei with very heavy and medium incorporation of
3H-thy-1d1ne in mouse injected 1! hr. before sacrifice. 6 day-
exposure X 640 magnification .

c) Three heavily labeled nuclei and one with only 9
. slilver grains (center) from mouse sacrificed 1 hr. after a
® single intraperitoneal injection of 3a-:hy-td.lm. 6 day-expo-
lurcj X 640 magnification \
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PLATE VI .

Labeled mitotic figures‘of mesothelial cells
found in the mouse gastrointestinal tract, after C,
different days of continuous subcutaneous infusion
of JH-thymidine. X 1000 magnification

interphase

(]

prophase

metaphase

anaphase
telophase . . ‘ 0
LT = late telophase . /
a) cgcu-'- 6 days continuous infusion
b) cecum - 6 days continugus infusion
c) stomach - 3 dais continuous infusion
d) cecum - 6 days continuous infusion
e) stomach - 3 days continuou; infusion
:f) colon - 3 days continuous infusion
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