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ABSTRACT

Effective haemopoiesis requires interactions between

haemopoietic cells and their stromal environment. As the

haemopoietic stroma is thought to integrate haemopoiesis,

it is important to accumulate precise information about the

cellular composition of the stroma and the nature of its

interaction with haemopoietic cells. The use of long term

cultures has enabled the haemopoietic stroma to be analysed

in vitro, taking advantage of morphological, radiobiological

and cellular biological methods.

The present study was undertaken to evaluate the role

of stromal cells in the maintenance of haemopoiesis in long

term cultures of bone marrow and fetal liver. For this

purpose adult bone marrow cells, fetal liver cells (day 15

and day 18) and neonatal liver cells (day 1 and day 10) of

the mouse, fetal bone marrow cells (day 18) and fetal liver

cells (day 15) of the chicks and cells derived from the

livers of adult mice treated with methyl cellulose and

exposed to radiation were placed in Fisher's medium

supplemented with horse serum or fetal calf serum with or

without hydrocortisone. They were studied morphologically,

cytologically, ultrastructurally using scanning and trans¬

mission electron microscopy and in preparations labelled

using tritiated thymidine.

It was observed that stromal growth and proliferation

reflects the activity of haemopoiesis in the donor tissue.

Where there was more haemopoiesis, there was more stromal

growth and proliferation in long term cultures. This was
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more marked in bone marrow cultures than in other cultures.

It was also more marked in fetal liver cultures than in

neonatal liver cultures. Methyl cellulose and radiation

induced hepatic haemopoiesis was not associated with

active stromal growth. Consistant results were obtained

in the cultures of chick fetal bone marrow and fetal liver.

The stromal cells were identifi-ed as fibroblasts,

endothelial cells, epithelial cells, granulocytes and

macrophages. Fat cells were present in bone marrow

cultures supplemented with hydrocortisone but not in

cultures of fetal liver cells. Fibroblasts appeared to

transform into fat cells in long term cultures.



INTRODUCTION



of this poorly understood component of haemopoiesis

and also to analyse the interplay of the stroma and

HSC.

Spooncer et al (1985) viewed the critical permissive

and probably the direct role of stromal cells in

haemopoiesis. They used purified primitive haemopoietic

spleen colony forming cells (CFU-S) which is devoid of

significant stromal cells and haemopoietic cells. When

this purified CFU-S are seeded on to a stromal adherent

layer, invitro foci of haemopoietic cells develop within

the stroma followed by production of a wave of maturing

and mature progeny. However self renewal of CFU-S does

not occur and haemopoietic activity rapidly declines.

A number of circumstances indicate that the

proliferation and differentiation of haemopoietic and

immunocompetent cells depend quite substantially on the

microenvironment surrounding these cells in the various

myelopoietic and lymphopoietic organs. Friedenstein

et al (1976) cites from their work that the fibroblasts

from monoL^ye^ culture of bone marrow and spleen are

actually responsible for the transfer of the properties

of the microenvironment characteristic of these organs.

But how the fibroblast transfer the haemopoietic micro-

environment remains to be learned. These cells them¬

selves or their descendents may interact with the

repopulating haemopoietic cells or else the structures

responsible for the microenvironment may be created with

the participation of other cells as well as for example,

cells of the vascular endothelium that grow toward the

transplanted fibroblasts.



Pluripotential stem cells of bone marrow are

subject to regulatory mechanisms revolving around their

stromal milieu. Although there were early indications of

local control, it was not until later studies with in

vivo implants of marrow and marrow derived fibroblasts

and with long term liquid marrow cultures that develop-

mentally distinctive stromal cells came to be regarded

putative regulatory elements (Patt et al, 1982). They

found fibroblasts cultured from a cellular marrow produced

a stroma with numerous haematopoietic foci whereas those

cultured from a severely hypocellular marrow produced a

stroma with mainly fat cells. They also showed through

their study direct evidence that the quality of the trans¬

ferred microenvironment is indeed a transmittable property

of a class of stromal cells. It also indicates that, in

addition to their capability of transferring a haematop¬

oietic microenvironment, marrow stromal fibroblasts play

a key regulatory role.

Patt et al (1982) noticed more or less progressive

decline in haemic cellularity of the transferred micro-

environment with a decrease in cellularity of the marrow

from which the stromal fibroblast population was obtained.

The possible connection between the presumptive regulatory

function of stromal fibroblasts and marrow fat content is

conjectural. Histochemical studies suggest that fat cells

of yellow marrow may contain mainly saturated lipids,

whereas fat cells of red marrow may contain mainly

unsaturated lipids that are apparently more readily

displaced by an increased demand for haemopoiesis. This
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altered transmittable property of the relevant stromal

cell is perhaps indicative of a change in regulation of

genes coding for stem cell activating factor.

Several methods are available for measuring stromal

colony forming cells invitro, but whether they are growing

same types of cells is not clear. The cells producing

the colonies are considered responsible in part for

maintaining the supportive haemopoietic stroma. The

methods include liquid culture developed by Friedenstein,

Chailakhjan and Lalykina i ( 1970) using guineapig marrow,

and later mouse marrow by Fried enstein Gorskaya and

Kulagina (1976); agar culture described by Metcalf

(1972), the methyl cellulose system described by Wilson,

O'Grady, McNeill and Munn (197*0 and the collagen

technique described by Lanotte, Schor and Dexter ( 1981 ) .

Friedenstein et al (1976) described the colonies

as being composed of large polygonal fibroblasts and

stellate histiocytes (Macrophages). Later, according

to morphology Werts, Gibson and DeGowin (1979) indicated

that their colonies were principally composed of four

cell types, i.e. large polygonal cells, round cells,

spindle shaped cells and small stellate cells. They

also found endothelial cells apart from fibroblasts and

macrophages. These endothelial cells are clearly

separable from the fibroblasts by behaviour, size, shape

and morphology as seen in SEM and EM. It is postulated

that macrophage actively migrates and proliferates in

close contact of fibroblasts. The presence of foci of

endothelial cells may represent an attempt to establish

the complex cell association between the different cell
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types that are necessary to maintain haemopoiesis in

vitro.

In long term culture a stromal layer is established

that is capable of supporting the maintenance, proliferat¬

ion and to a certain degree, differentiation and

maturation of haemopoietic stem cells and other

progenitor cells. A component of this stromal layer is

a fat-containing cell that is particularly dominant when

the cultures are grown in the presence of hydrocortisone.

These cells are said to be essential to the haemopoietic

support function of the stromal layer,(Tavassoli, 1984).

This hypothesis is plausible, since lipid substance can

be utilised as a source of energy in a rapidly pro¬

liferating cell system. Adipose cells are also a

component of normal marrow and the observation of long

term marrow culture has lead to the conclusion that

adipose cells in normal marrow may be related to the

fat containing cells in long term culture and as such

may have a certain stimulatory function in supporting

haemopoiesis.

When cell suspensions from fetal liver are injected

intravenously into lethally irradiated mice, they induce

the recovery of haematopoietic tissue and cells with a

similar recolonising ability. This has been detected in

fetal blood by Barnes et al (1964); Loutit (1967);

Barnes and Loutit (1967). They postulated that the

circulating haematopoietic stem cells in fetal blood

came from the liver and colonise the developing bone

marrow, which later in adults forms the main site of

haematopoiesis. From histological evidence of human



fetal liver, Thomas and Yoffey (1964) concluded that

precursor parenchymal cells of endodermal origin develop

into both hepatocytes and pro-erythroblasts, which occur

in liver cords together with more mature erythroid cells.

In an ultrastructural analysis of mow liver Rifkind et

al (1969) claimed a mesodermal origin of the hepatic

haematopoietic stem cells. In both analyses granul¬

opoiesis was not detected and erythropoiesis was always

observed to be extravascular.

It is well known that in fetal life liver is

critical to blood formation. Recent studies by Johnson

and Moore (1975) demonstrated that the fetal liver is

seeded with haematopoietic cells from the yolksac and

that prehaemopoietic liver provides an appropriate

microenvironment for engrafted blood forming cells.

Similarly, the adult liver can support haemopoiesis

when the animal is appropriately stressed. (Adler and

Trobaugh, 1975 and Testa and Hendry, 1975). Re¬

generating liver has some properties of the embryonic

organ (Abelev, 1971; Bonney et al, 1973) and hepatic

regeneration may be associated with the appearance of

growth stimulating factors in the serum that can act on

both hepatocytes and lymphoid cells. The presence of

haemopoietic precursor cells in the liver especially

after partial hepatectomy could result from settling of

circulating CFU-S (Varion and Cole, 1966) or from

settling of circulating CFU-S of fetal origin.

Little is known about the factors that induce and

regulate extramedullary haemoiesis in man or other

animals after birth. Haemopoiesis is normally limited



to bone marrow during postnatal life in man, while

extensive hepatic and splenic haematopoiesis occurs in

the fetus. Extra medullary haematopoiesis has been

reported in association with a variety of diseases and

is regularly present in idiopathic myelofibrosis if the

leukaemias are excluded (Pfrimmer et al, 1978 ). In

normal adult mice the spleen is a site of fairly extensive

extra medullary haematopoiesis especially erythropoiesis,

but myeloid haematopoiesis increases considerably when

increased cell production is demanded. They studied the

development of hepatic haematopoietic feci in adult mice

injected intraperitoneally with methyl cellulose for four

weeks. They observed hepatic haematopoiesis developed

rapidly in methyl cellulose injected mice, being present

by one week and tending to become maximui by 3-4 weeks ofteif

injection . It was trilineal (erythroid, granulocytic,

megakaryocytic) at all times but erythroid hepatic

haematopoietic foci predominated particularly during the

first two weeks of injections. They concluded that

hepatic haematopoiesis appears to be the result of an

increased demand for mature blood cells, and hepatic

haematopoiesis is regulated by the same humoral factors

as myeloid haemopoiesis.

The development of long term culture system for

mouse bone marrow, incorporating a stromal layer with

infiltrated haemopoietic cells, has provided an important

technique for examining the regulation of haemopoietic

cell differentiation. Attempts to adapt this system

for human bone marrow have been largely unsuccessful
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although independently Gatler and Kaplan and Potter et al

(cited by Cappellini et al,1984) demonstrated that medium

containing 10~^m hydrocortisone and a combination of horse

and fetal calf sera would allow granulopoiesis to continue

in cultures up to 26 weeks at 33°C or 16 weeks at 37°C.

Neither the murine nor the human cultures sustain

erythropoiesis under these standard conditions although a.

red cell population can be induced in cultures of mouse

marrow by the addition of anaemic mouse serum (Dexter

et al, 1982).

Haemopoiesis in human fetal liver is almost entirely

restricted to the erythroid series but when fetal liver

was cultured under conditions established for the main¬

tenance of long term adult marrow haemopoiesis a rapid

switch to granulopoiesis was observed (Cappellini et al,

1984). Erythroid progenitor cells rapidly disappeared,

even though no humoral or cellular inhibitors of

erythropoiesis could be detected, while myeloid pro¬

genitors increased in number. When fetal liver cells

were seeded on to stromal layers derived from adult marrow,

in which endogenous haemopoiesis had ceased, granul¬

opoiesis was established and maintained for more than

a year.

In an attempt to maintain erythropoiesis in

cultures of human haemopoietic cells, Cappellini et al(l984)

used fetal liver, the major site of erythropoiesis for

much of fetal life. Fetal liver samples were obtained

from prostaglandin induced abortions (13-18 weeks

gestation). Fetal liver cultures were initiated from
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total liver cell preparations or after haeraopoietic cell

enrichment, at a cell concentration of 10^/ml in medium

containing 20% horse serum, 10% fetal calf serum, 10~^m
hydrocortisone and antibiotics. Bone marrow samples were

obtained from ribs resected at thoracotomy. Fetal liver

cells were seeded on to marrow stromal cells and they

maintained the granulopoiesis for over one year. As the

cultures were initiated directly from fetal liver cells,

the cells produced after infiltration of the adult layer

were almost entirely granulocytic. Erythroid cells

declined rapidly and immature granulocytic cells were

evident within 1-2 weeks. When the initial plateau

stage was reached granulocytes at all stages of maturation

were present and 30-50% of the total cells were mature

polymorphs. After 30 weeks the proportion of granul¬

ocytes decreased and macrophage like cells predominated.

However, with the increase in cell number following the

altered medium changing at week 40, mature granulocytes

reappeared as the major proportion of cells in suspension.

But with whole fetal liver cell suspension gave rise to

an adherent layer which was well established after 1-2

weeks and was virtually confluent by 3 weeks. In most

respects the layer resembled that obtained from bone

marrow cells under similar conditions with the notable

exception that, even in the presence of hydrocortisone,

fat cells were rarely seen.

Previously it was shown that the microenvironment

of bone marrow was resistant to irradiation (Song and

Quesenberry (1984)). Studies utilising Dexter culture

system, transplantation or peritoneal cell-coated



12

membranes suggested that the stroma was quite radio-

sensative. Radiation damages not only the colony forming

units (CFU-S), but also the haemopoietic microenvironmental

factors (HS-P), essential for the support of CFU-S pro¬

liferation. The HS-P is, however, more radioresistant

than CFU-S in that doses of less than 500 rad do not

consistantly cause detectable changes in the HS-P, whereas

they destroy more than 99% of the measurable CFU-S, (Fried

et al, .1976). In accord with this Knospe et al ( 1966 )

showed that the marrow of rats is permanently damaged by

exposure to 2000 rad x radiation; DeGowin et al (1972)

showed that human marrow sites, exposed to large doses of

radiation, remain free of erythropoietic activity for

many years; and Chamberlin et al (1974) reported that

HS-P of mice exposed to 950 rad remains damaged for at

least 18 weeks.

Fried et al (1976) studied the effects of radiation

on the CFU-S and on the haemopoietic stroma HS-P.

Exposure to 300 rad reduce the CFU-S population to less

than 1% of normal; by contrast more than 500 rad was

required to detectably damage the HS-P. Although

exposure to 500 rad did not detectably affect the HS-P

function, a second exposure to 500 rad as much as 4 weeks

later did appreciably affect the HS-P. In addition,

whereas the CFU-S returned to pre-irradiation level

within 6 weeks, the HS-P did not significantly recover.

Song and Quesenberry (1984) characterised two types

of murine marrow adherent cells derived from Dexter

cultures. Exposure of mice to 1000 rad 24h prior to

killing and establishment of liquid marrow cultures
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resulted in the growth of two types of adherent cells.

A macrophage like cell was phagocytic, non specific

esterase, and acid phosphatase,positive and alkaline

phosphatase, myeloperoxidase and factor VIII negative.

The second cell was large and epithelioid in appearance,

had a sub population of giant fat cells, was non

phagocytic, alkaline phosphatase positive and negative

for acid phosphatase,non specific esterase, myeloper¬

oxidase and factor VIII. They noticed at low inoculum

levels these cells formed three types of colonies within

1 to 3 weeks - macrophage, epithelioid and mixed - while

at higher inoculum levels they formed confluent monolayers.

Repeated whole body irradiation of the adult mice

induced haemopoiesis in liver. This is shown by the

presence of stem cells (CFU), progenitor cells of granul¬

opoiesis and macrophages and foci of granulocytic cells.

(Testa and Hendry, 1975). The largest number of CFU were

found 24 to 47 days after four doses of 450 rad x-rays

given at 24 day intervals and 15 to 17 days after 2310

rad gamma radiation given at a low dose rate (70 rad per

day). But they did not notice appearance of CFU in liver
/

in irradiation with one dose of 450 rad x-rays. It was

concluded that hepatic haemopoiesis can be induced by

radiation only after repeated or prolonged bone marrow

injury.

Similar studies by Tavassoli (1982) also suggest

that the stromal cells are more radiosensative than it

was thought before. It was shown that stromal cells

could be damaged by smaller doses of radiation. The Do
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value is now thought to be 500 rads or less. The radiation

alters the cellular metabolism, thereby interfering with

its support function for proliferation and maintenance

of the haemopoietic cells. Although radiation may not

lead to cell death

Normal Haemopoiesis
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The embryonic development of human haemopoietic

system is characterised by a series of coordinated changes,

(Peschle, 1984). In the 3rd-4th week postconception,

the first generation of haemopoietic cells proliferate
fIS SU.es

in extra embryonic^i.e. mainly in the yolk sac and also
the extra embryonic mesenchyme. Yolksac haemopoietic

cells consist of large primitive erythroid elements of

megaloblastic type and^always nucleated. They are
+6 -H*e.

observed near endoderm or within the vitelline vessels
A

and from the 4th week onward in the circulating blood.

In the adult, bone marrow is the predominan

haemopoiesis. Haemopoiesis is confined mainly in

medullary cavities of the axial skeleton, particu

the sternum, verterbrae and iliac crests, togethe

little contribution from the ends of long bone,

the bones and medullary cavities are in the proce

development and unable to support haemopoiesis un

late gestation. So in the foetus extra medullary

haemopoiesis are required for the production of b
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At 5-5 weeks the yolksac is replaced by the liver as the

main haemopoietic site, although spleen takes on a minor

role from the 3rd to 6th months.

In the liver parenchyma definite erythropoietic

cells proliferate and give rise to enucleated macrocytes.

These enter the blood stream from 8th week onward and

gradually replacing circulating megaloblasts. Haemopoiesis

then commences in the bone marrow from about 4th to 5th

month, becomes steadily more important until birth when

hepatic haemopoiesis virtually ceases. In most adults

haemopoiesis is essentially restricted to the bone marrow

in which there is clean evidence for complete or regional

specialisation of the various differentiation pathways.

Extra medullary blood formation occurs under various

pathologic conditions (Ploemacher, 1984) when there is

demand for haemopoiesis. Especially during childhood,

complete haemopoiesis may occur in the liver, spleen,

lymph nodes and infrequently in kidneys, adrenals, adipose

tissue, general connective tissue and even in the cartilage

(William and Warwick, 1980).

In liver morphologic and ultrastructural analysis

of haemopoietic cells have shown that it is exclusively

erythropoietic without any evidence of granulopoiesis or

lymphopoiesis (Barak, 1980). However,following agar

culture it was shown that granulocytic macrophage colony

forming cells can be found in foetal liver after being

first detected in the yolksac in mouse, other species and

also in man.

Haemopoiesis appears to be composed of a three tier

system commencing with pluripotent stem cells, which have
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the capacity to differentiate. After first initial

division they give rise to a number of committed pre¬

cursors, which are committed to a single line of differ¬

entiation. Morphologically many of the early cells are

unrecognisable but some cells of both erythroid and

granulocytic lirfages have the ability to form colonies

in vitro. In addition it is evident that multipotential

stem cells and committed precursors both have an age

structure, so only the oldest cells can differentiate

into next compartment. Due to extensive alteration

within the committed precursors and recognisable precursor

cells a very few pluripotential cells are present in the

cycle. (Fig. 1) .

The cells of the stroma of myeloid tissue:

The following cells constitute the stroma. (Ham

and Cormack, 1979).

Fibroblasts: Fibroblasts form the collagenic fibres that

support the arteries and arterioles bringing blood to the

marrow and the venules and veins draining it away. The

fibres associated with these vessels constitute the main

basic support for marrow.

Reticular cells: The name reticular is given to cells if

they form a network of some kind either by sending cyto¬

plasmic process or by production of some delicate fibres.

In bone marrow the reticulum consists of a three dimensional



1 7

FIGURE- 1

Showing schemic representation of the stages

in haemopoiesis
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network of delicate fibres produced by mesenchyme derived

reticular cells. Blood cell formation occurs in the

interstices of this net.

Macrophages: These are fairly numerous in marrow where

they play a phagocytic role. As noted they account for

the phagocytosis previously attributed to the endothelial

cells of sinusoids. They are derived from monocytes.

Fat cells: cells full of fat are present

in red marrow. However they constitute most of the

cells of yellow marrow.

Endothelial cells: These make up the walls of sinusoids.

They are not as effectively joined to one another in

sinusoids as in capillaries, hence sinusoids probably

leak plasma.

Osteogenic. cells: The presence of osteogenic cells in

bone marrow is merely incidental to the fact that the

marrow was close to the bone; they and their progeny

had formed and that their role in marrow was to provide

for more bone formation when it was required.

Two things are clear from the already reviewed

literature that effective haemopoiesis depends on two

interdependent action of cellular elements. One is the

haemopoietic cells and the other haemopoietic stroma.

Both are interdependent and in close association and

usually found in active haemopoietic foci. So the
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intimate association of haemopoietic cells and stroma

are found more marked in bone marrow, fetal liver,

haemopoietic foci and less marked or absent in adult

liver or where there is no haemopoietic foci. Although

hepatic haemopoiesis is an event of early fetal life

and ceased in the adult, however hepatic haemopoiesis

can be induced by an increased demand for mature blood

cells as seen in association with a variety of diseases

and after repeated or prolonged bone marrow injury

after radiation and methyl cellulose injection.

Our efforts have been concentrated on haemopoiesis

particularly the role of stromal cells, which are essential

for the maintenance of haemopoiesis in longterm culture

of bone marrow and fetal liver. For this purpose adult

bone marrow and fetal liver cells from fetus day 15, day

18, neonate day 1, day 10 of mice and chick embryo 15 day

liver and 18 day bone marrow were placed in longterm

cultures. The cellular components of these cultured

haemopoietic foci were characterised by morphologic,

cytochemical and ultrastructural methods. Similarly

adult liver from mice was placed in culture after injuring

the bone marrow by radiation and injection of methocel

and morphological identification of the haemopoietic foci

was also done in the same manner as described above.

Liquid culture was chosen because it provides a particular

appropriate means for stromal cell investigation.

Considering all these aspects described previously

the present study was undertaken with the following

objectives:
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1. To see the stroma forming capacity and

maintenance of haemopoiesis by

haemopoietic organs such as bone marrow,

fetal liver, neonatal liver and adult

liver (after induction of haemopoiesis

by radiation and Methocel injection) in

long term cultures.

2. Morphological, cytochemical, labelling

index and ultrastructural analysis of

haemopoietic foci derived from the

longterm culture of these haemopoietic

organs.



MATERIALS AND METHODS
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MATERIALS AND METHODS

Animals:

In these investigations male and female CD^ mice
were used. They were bred in the Bute Animal House,

St Andrews, and maintained in a 12 hour light / 12 hour

dark cycle at 21°C, with food and water supplied ad

libitum. Adult male CD-| mice were used for adult mouse

liver cell cultures, liver cultures following Methocel

induced hepatic hematopoiesis and radiation induced

hepatic hematopoiesis. Adult female CD^ were used for
breeding: 15 day old fetuses, 18 day old fetuses, new¬

born mice on day 1 and new born mice a day 10 were used

to establish liver cultures. Groups of female mice were

housed with male mice: the presence of a vaginal plug

was taken as the day of conception. The day when mice

were born was taken as day zero of the neonatal period.

Black chick embryos 15 and 18 days old were used for chick

bone marrow and chick liver cell cultures. The day the

egg was laid was counted as day zero. The eggs were

incubated at 37°C and 100% relative humidity.

Methocel induced Hepatic Hematopoiesis in adult mice:

Ten adult mice were injected intraperitoneally with

Methocel for 4 weeks. Methocel (Methocel M C 4000 mPa.s,

Fluk AG Fluorchem Ltd U.K.) was obtained as a dry powder

and dissolved by slowly adding 5.0 g to 200 ml of heated,

sterile saline with constant stirring. The mixture was

allowed to cool to room temperature and formed a clear,

viscous solution, which was stored at 3°C until used.
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Mice received Methocel intraperitoneally 0.5 ml, three

times weekly. These animals were sacrificed within 4

weeks after 12 Methocel injections, when hematopoietic

foci were present in the liver.

Radiation induced hemopoiesis in adult mouse liver:

Ten adult mice were used for the induction of

hepatic hematopoiesis with four doses of 4.5 Gy x-rays

given at 24 days intervals. (STABLIPAN 2.50 kv therapy

x-ray machine. Dose 250 kv 14 MA energy supplied to

machine. Output .85 Gy per minute. Exposed for 5

minutes 17.6 seconds). These animals were sacrificed

within 24-47 days after four doses of radiation.

Longterm cultures:

All cultures were set up with full aseptic pre¬

cautions. T-25 plastic (Sterilin Ltd, Middlesex) tissue

culture flasks containing 10 ml of medium were used. The

cultures were gassed with 5% CO2 in air and incubated at
35°C. Once a week, 5 ml of the medium was removed and

replaced by 5 ml of fresh medium and then cultures were

gassed with 5% CO2 in air and incubated at 35°C as before.

Four different sets of culture conditions were used:-

Expt.-1 = 20 ml horse serum +0.1 ml hydrocortisone +
100 ml Fishers medium + 50 i.u./ml Penicillin,
50 jug/ml Streptomycin, 2 m ja/ml Glutamine.

Expt.-2 = 20 ml horse serum + 100 ml Fishers medium +
50 i.u./ml Penicillin, 50 jug/ml Streptomycin,
2 m jj/ml Glutamine.



23

Expt.-3 = 10 ml fetal calf serum +0.1 ml hydrocortisone
+ 100 ml Fishers medium + 50 i.u./ml Penicillin,
50 jug/ml Streptomycin, 2 m ^i/ml Glutamine.

Expt.-4 = 10 ml fetal calf serum + 100 ml Fishers medium
+ 50 i.u./ml Penicillin, 50 jug/ml Streptomycin,
2 m ju/ml Glutamine.

Coulter count:

In 20 ml of Isoton 100 yl of cell suspension was

used. Three drops of red cell lysing agent (Zaponin,

Coulter Electronics Ltd, Northwell Drive, Luton, Beds,

England) were added. Cells were counted in a Coulter

Counter Zgl (Biological), (Coulter Electronics Ltd,
Harpenden, Herts, England).

Cytospin preparation:

Cytospin preparations done from the supernatant

culture medium, weekly in a 'Cytospin-2' (Shandon,

Southern Products Ltd). 1 x 10^ cells per millilitre

were used. The slides were fixed in methanol for 15-20

minutes and then stained by the Jenner-Giemsa technique.

Touch preparations:

Liver was cut and the exposed surfaces were touched

lightly into the surface of a clean glass slide. Slides

were air dried, fixed in absolute methanol (15-20 minutes)

and stained using the Jenner-Giemsa technique.

Culture flask stain:

All medium from culture flasks was removed and

flasks were stained with the Jenner-Giemsa technique and
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for Alkaline phosphatase,Acid phosphatase and Reticulin

fibres.

Jenner-Giemsa Stain, (Dacie and Lewis, 1975):

1. Fixed in Methanol 15-20 minutes*

2. 5 minutes in 56 ml Jenner + 44 ml of buffer pH 6.4.

3- Rinsed in buffer (pH 6.4).

4. 10 minutes in 15 ml Giemsa + 75 ml buffer pH ,

5. Rinsed in buffer (pH 6.4).

6. Dried .

7. Mounted in D.P.X. mountant.

Alkaline phosphatase stain:

1. Fixed in 10% formalin in absolute methanol

2. Filtered, fresh substrate-diazonium salt mixture on
to fixed cultures, left for 30 minutes

3. Washed in running tap water, 1-3 minutes

4. Counterstained with Mayer's haemalum for 1-2 minutes

5. Washed in running tap water for 30-60 minutes for
blue nuclei

6. Mounted in Glycerol jelly

Solutions were made up by dissolving 15 mg of

Sodium-napthyl phosphate in 20 ml.Tris buffer was added

immediately before use. Temperature was not permitted

to rise above 22°C.

Acid phosphates stain:

1. Fixed in 10% formalin in absolute methanol

2. Filtered incubating medium on to fixed cultures at
37°C for 60 minutes

3. Washed in running tap water for 2 minutes
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4. Counterstained in Mayer's haemalum for 1-2 minutes

5. Washed in running tap water for 30 minutes

6. Mounted in glycerol jelly

Solution was made up by dissolving 15 mg of Sodium

Alpha Napthyl Phosphate in 20 ml of 0.1 m acetate buffer

at pH 5,1.5 g Polyvinyl Pyrrolodine and 20 mg Fast Garnet

GBC salt was added.

Gomori's silver impregnated method for reticulin fibres
(Culling, 1963): Solution required:

To four parts of 10% aqueous silver nitrate, in a

flask, one part of 10% potassium hydroxide, which caused

the silver to deposit. The volume of the fluid was marked

with a grease pencil, the supernatant fluid was removed

and washed the deposit several times with distilled water,

finally it was made up to the original volume, thus it

gave a cleaner background. Strong ammonia (.880) was

added drop by drop until the deposit was just dissolved.

Again 10% silver nitrate was added drop by drop until the

solution took on a faint sheen. This solution was made

up to twice its volume with distilled water. This

solution was best freshly prepared. (Freshly prepared

solution was used).

Method:

1. Sections were brought to water

2. Oxidised with 1% potassium permanganate for 1-2
minutes and rinsed in tap water.

3. Decolourised with 3% potassium metabisulphite for 1
minute; rinsed in tap water.

4. Sensatised in 2% iron alum for 1 minute
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5. Washed in tap water for 2-3 minutes and then rinsed
in 2-3 changes of distilled water

6. Impregnated in silver solution for 3 minutes

7. Rinsed quickly in distilled water

8. Reduced in 10% formalin in tap water for 3 minutes

9- Washed in running tap water for 2-3 minutes and
rinsed in distilled water

10. Tone in 1:500 gold chloride (yellow) for 5-15 minutes

11. Rinsed in distilled water

12. Reduced tonning in 3% potassium metabisulphite for
1 minute

13. Rinsed in distilled water

14. Fixed in 3% sodium theosulphate for 1 minute

15. Washed in water

16. Dehydrated, cleared and mounted in D.P.X.

Results:

Reticulin fibres .. .. black

Collagen fibres .. .. purple

Nuclei and Cytoplasm .. shades of grey

Sections of liver and spleen:

Specimens were fixed in Bouins fluid, dehydrated

in ascending alcohol gradient and embedded in paraffin

wax. Seven micron sections were cut on a microtome,

floated over water on to glass slides, and stained using

Haematoxylin and Eosin or PAS.

Analysis of the growth of stromal cells using a Chalkley
Eye piece graticule:[ cwuuv , i«M3)

Every week the percentage of the floor of each flask

which was covered by the stromal cells was estimated using
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a Chalkley Eye piece. From each flask ten fields were

selected at random for analysis. In each field, the

points of the Chalkley Eye piece which covered stromal

cells were counted. The percentage of the area covered

by stromal cells was calculated as follows:

percentage of area
_ Points on stromal cells x 100

covered by stromal cells ~ To-tal points in the Chalkley
Eye piece graticule

The mean percentage for ten fields (250 points) was

taken.

Haematoxylin and Eosin Stain (Mayer's Haemalum):

Preparation:

Haematoxylin .. .. .. 1 g

Sodium Iodate .. .. .. 0.2 g

Potassium Alum.. .. .. 50 g

Citric Acid .. .. . . 1 g

Chloral Hydrate. .. .. 50 g

Distilled Water. .. .. 1000 ml

Haematoxylin, alum and sodium iodate were allowed to

dissolve overnight. Chloral hydrate and citric acid were

added and boiled. Continued boiling for 5 minutes after

which the solution was cooled and was ready for use.

Technique:

1. Dewaxed sections

2. Stained in haematoxylin in a jar for 2-20 minutes

3. Washed well in running tap water for 2-3 minutes
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4. Removed excess stain by decolourizing (differentiat¬
ing) in 0.5 - 1% hydrochloric acid in 70% alcohol
for a few seconds. The blue staining of the
haematoxylin was changed to red by the action of
the acid

5. Regained the blue colour and stopped decolourization
by washing in alkaline running tap water for at
least 5 minutes

6. Stained in 1% aquous eosin for 1-3 minutes

7. Washed off surplus stain in water

8. Examined microscopically. Cytoplasm was deep pink.
Collagen a lighter pink

9. Dehydrated in alcohol and cleaned in Xylene as in
general scheme

10. Mounted in synthetic resin medium

Result:

Nuclei .. .. .. blue to blue black

Karyosomes. .. .. dark blue

P.A.S. stain : (Drury et al, 1967)

Preparation:

Schiffs reagent - 200 ml of distilled water was

boiled and 1 g of basic fuschin was added. When dissolved,

cooled and filtered. Bubble SO2 gassed slowly through the
solution from a siphon, shaking occasionally, until it

becomes a clear transparent red colour. Stand the stopped

flask in a dark cupboard overnight. If the solution was

pale straw colour or colourless next morning it was

ready for use. If some residual colour remained,

decolourized with 1 g of activated charcoal, shaken and

filtered. Stored in refrigerator and discarded if a

pink colour developed.
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Technique:

1. Sections were brought to water,

2. Oxidized for 5 minutes in 1% aquous periodic acid.

3. Washed in running tap water for 5 minutes and rinsed
in distilled water.

4. Placed in Schiffs reagent for 10-20 minutes .

5. Washed for 30 minutes in running water or rinsed
three times in 0.5% aquous sodium metabisulphate,
freshly prepared and washed in running water for
10 minutes

.

6. Stained nuclei in celistine blue - haemalum sequence
differentiated in acid alcohol and blue in running
water

7. Dehydrated in alcohol, cleared in Xylene and mounted
in synthetic resin medium .

Result:

PAS positive substance . . red or magenta

Nuclei .. .. .. .. blue

Labelling of the stromal layer and processing:
TThis technique was devised by Mrs C. V. Briscoe)

1. 5 ml of supernatant was removed from culture flask.

2. 10 pCi 3HTdR was added to the 5 ml remaining in the
flask (250 pi of a 3HTdR dilution containing 40 ^i>Ci/m]

3. Incubated at 37°C for 24 hours.

4. Rinsed with PBS 2-3 times.

5. Air dried for 24 hours.

5. Fixed in Methanol for 15 minutes.

7. Dried.

8. Flask was cut (about 3 of the flask was removed from
bottom layer) .

9. Emulsion was made up in the usual way.

For this experiment emulsion was used.
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Preparation of Nuclear emulsion: { J \nei)

Preparation in the dark room - using Kodak WATTEN

safe light No. 1 red filter with a 15 watt bulb. Nuclear

emulsion (ILFORD) was dissolved in a clean glass

measuring cylinder in a water bath at 46°C. The control

light of the water bath had previously been disconnected.

After about 15-20 minutes the liquid emulsion was measured

in the cylinder and the same amount of 1% glycerol in

distilled water was added to the emulsion using a syringe.

It was transferred into a different container to make sure

that the mixture was well mixed. To avoid air bubbles it

was left in the water bath for about 15-20 minutes.

The cut section of the flask was dipped into the

emulsion for 1 second, withdrawn and excess on the reverse

side wiped away with tissue. It was left standing upright

in the darkroom for about 4 hours to dry and then it was

placed in a box containing silica gel, which was kept in

a light proof bag. The box was placed in a black plastic

bag which was sealed with a tape. The flasks were exposed

to the emulsion in a refrigerator for 48 hours.

10. Developed, fixed and rinsed in tap water

Developing of autoradiographs:

The box containing the flasks was taken from the

fridge and allowed to attain room temperature. Developer

(Kodak D19) and distilled water were warmed in waterbath

to 20°C. In the darkroom the cut flasks were removed
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from the box and placed into developer for three and

half minutes, rinsed in distilled water for 30 seconds

and fixed for 5 minutes in Kodak acid fixer (Hypo 1 + 3

diluted with H2O). They were placed in tap water and
rinsed gently for 15 minutes in running water.

11. Stained immediately with Jenner-Giemsa technique

Ultrastructural study of stromal cells (S.E.M.):

The stromal cells in long term culture, derived

from bone marrow, fetal liver (day 15) and new born liver

(day 1) were fixed in situ using a modified method

described by Boyde et al (1972). The tissues to be

scanned were freed from serum.

1. All medium was removed from the culture flask

2. The flask containing the stromal cells was washed
with Fishers medium

3. The stromal cells fixed in Fishers medium containing
2% Paraformaldehyde and 2% Glutaraldehyde for 3
hours

Preparation of fixative:

Two gms paraformaldehyde was dissolved in 10 ml of

distilled water with continuous stirring, then 1-3 drops

of N NaOH was added to clear. The solution cooled out,

2 ml of 25% gluteraldehyde (stock cone) was added.

Finally was added to 90 ml of Fishers medium.

4. Rinsed in 3 changes of 0.08 m sodium cacodylate buffer
(PH 7.3)
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0.08 m Sodium Cacodylate Buffer:

(a) 0.02 m Na Cacodylate buffer pH 7-3-2.14 gms of
Na Cacodylate dissolved into 45 ml of
distilled water in a plastic beaker. pH was
adjusted to 7.3 with N HCL. Placed in
volumetric flask (50 ml) and made up to 50 ml
with distilled water.

(b) 0.08 Na Cacodylate buffer pH 7.3'-

40 ml of above (a) solution was diluted to 100
ml with distilled water, a volumetric flask
was used. Checked the pH and adjusted the
pH to 7.3.

5. Post fixed in 1% (W.V.) osmium tetroxide in 0.08 m

sodium Cacodylate for 1 hour. All traces of the
label and gum from vial was removed with tap water.
The vial was scored and cracked in a tissue and

placed all the bits into a 10 ml vial. (During
this procedure fan was full). Placed in 10 ml
0.08 m N Cacodylate capped and mixed for 1 hour.
Placed in the fridge within a plastic container
for storage.

6. The monolayer was rinsed in 3 changes of 0.08 m
Sodium Cacodylate buffer

7. Dehydrated through an ascending -efface! series.
70%, 95%, 100% were used.

8. In presence of 100% c\W^hoL the flask containing
monolayer was cut as a round piece about 1 cm
in diameter by a hot, sharp scalpel. Immediately
the round piece of the flask was placed into
another 100% alcohol.

9. Critical point dried in liquid carbon dioxide

10. Gold coated to a thickness of 10 nm on an Emscope
SC 500

11. Viewed on a JE0L-JSM 3F CF Scanning Electron
Microscope.

Ultrathin sections for T.E.M.:

Ultrathin sections were taken from mouse fetus

(day 15), newborn day 1 and day 10 liver.

Haemopoietic cells were studied in a transmission

Electron Microscope (CARL ZEISS, 0BERK0CHEN, Ltd,

ierman make - EM 95).
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Transmission Electron Microscope:

Procedure for fixation, processing and embedding tissue

in Araldite resin.

1. 0.2 m Na Cacodylate buffer pH 7-3 - 2.14 gmj of Na
Cacodylate was weighed out into a plastic beaker.
Approximately 45 ml of distilled water was added.
Dissolved and adjusted pH to 7.3 with N HCL.
Placed in volumetric flask (50 ml) and made to
50 ml with distilled water.

2. 0.08 m N Cacodylate buffer pH 7.3:-

40 ml of the above solution was taken and diluted
to 100 ml with distilled water. A volumetric
flask was used. pH was checked and adjusted to
7.3.

3. 4% paraformaldehyde / 5% gluteraldehydein 0.08 m
Na Cacodylate buffer pH 7.3:-

1 gm of Paraformaldehyde was dissolved in 9 ml of
distilled water at 60°C. Stirred continuously and
1-3 drops of N NaOH was added to clear. Cooled,
then 5 ml 25% Gluteraldehyde (stock conc.) was
added and made up to 15 ml with distilled water.
Finally, the remaining 10 ml of 0.2 m Na Cacodylate
buffer was added and adjusted the pH to 7.3.

4. 0s0'4 1%:-
All traces of the label and gum from the vial was

removed with tap water. Scored around the vial
cracked in a tissue and placed all the bits into
a 10 ml vial. (The fan was full during the above)
Poured in 10 ml 0.08 m Na Cacodylate capped and
mixed for 1 hour. Placed in the fridge within a
plastic container for storage.

5. Araldite Epoxy Resin:-

Araldite AD mix .. .. Resin 10 gms

Hardener (DDSA) 10 gms

Mixed by rotation for at
least 1 hour

Araldite CD mix .. .. Accelerator (BDMA) 1.5 gms

Plasticer

D1-Buty1-Phthalate 2 drops.
Mixed as above
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6. 2% Uranyl Acetate in 50% alcohol mixed by rotation in
a dark bottle. 10 ml.

Procedure:

1. Tissue blocks were removed and fixed at room

temperature for 1-4 hours

2. Aldehyde was removed by washing 5 minutes x 3 at
room temperature for total 15 minutes in 0.08 m Na
Cacodylate buffer, pH 7-3.

3- Tissue was postfixed at room temperature in 1% OSoij
in 0.08 m Na Cacodylate buffer, pH 7.3

4. Excess OSo^ was removed by washing 5 minute x 3 at
room temperature for total 15 minutes in 0.08 m Na
Cacodylate buffer, pH 7.3- Proceeded to dehydrate
the tissue through 1 change in 50% alcohol, 75%
alcohol and 96% alcohol, finally giving 3 changes
in absolute alcohol all 15 minutes each.

Prepared Araldite ABCD/Epoxy propane mix

Araldite AB .. .. .. 5 gms

Araldite CD .. .. .. 0.125 gms

Epoxy propane .. .. .. 5 ml

Shaked to mix

5. Final absolute efha^o! was discarded and replaced
with equal parts of absolute -eTtciy,ol/epoxy propane
mixture, followed by three changes of epoxy propane,
all 15 minutes each.

6. Final epoxy propane was discarded and replaced with
Araldite ABCD/Epoxy propane mix. Left overnight
with lid loose to allow evaporation of Epoxy
propane.

7. ABCD/Epoxy mixture was discarded (into resin waste
disposal container) and replaced with approximately
5 gms ABCD. Left on bench with lid loose for six
and half hours, then embedded in remaining ABCD.
Placed in 60°C incubator and left for 36-48 hours
to polymerise resin.
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Uranyl acetate stain followed lead citrate after
venable-boggesnall, lUbb

Solutions:

1. 2% Uranyl acetate - 0.1 gm Uranyl acetate was
dissolved by rotation in 5 ml 50% alcohol

2. 0.4% lead citrate - 0.04 gm lead citrate was
dissolved in 10 ml C02 free 0.1 N NaOH by
rotation

Procedure:

1. Millipored distilled water and 0.1 N NaOH rinses
i.e. two lots of distilled water and one 0.1 N
NaOH into dishes was provided, followed by Uranyl
acetate and lead citrate stains.

2. Immersed grids, dull side up in Uranyl acetate
solution, covered with glasslid and placed in
dark for approximately 15 minutes.

3. Rinsed grids by dipping x 5 in the first distilled
water bath.

4. Grids were floated dull side down on lead citrate

solution, covered with glass lid and left for
5 minutes. (Breathing was avoided near staining
dish as this results in gross electron dense
carbonate contamination).

5. Grids were rinsed by dipping x 3 in 0.1 N NaOH again
breathing was avoided near dish.

6. Quickly removed excess 0.1 N NaOH between forcep
points with a wedge shaped piece of filter paper.

7. Further rinsed by dipping x 5 in the second
distilled water bath.

8. Placed grids on filter paper to remove excess water
and finally placed on fresh filter paper in
petri dish.

Experimental Design:

Pilot Study:

A pilot study was carried out with adult bone marrow,

day 15 fetal liver, newborn 1 and 10 day's old liver and
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adult mice liver cell culture- Femurs were removed and

cleared of adherent tissue under aseptic conditions.

The marrow was then flushed from the shaft, into a tissue

culture flask, using a needle and syringe. One whole

fetal liver, new born liver and a small piece of adult

liver (same size as fetal liver) was used in each

culture flask. Liver was directly placed into tissue

culture flask, containing 10 ml medium. Cell suspension

was made inside the culture flask, using a 10 ml pipette

and a pipette boy (Swiss made). The cultures were gassed

with 5% C0'2 in air and incubated at 35°C. Culture medium
was replaced once a week, and the cultures gassed.

Main study:

The main study was carried out with adult mice bone

marrow, fetus 15 day old liver, fetus 18 day old liver,

1 day old newborn liver, 10 day old new born liver, adult

mice liver, Methocel induced hepatic haematopoiesis liver,

radiation induced haemopoiesis liver for longterm cultures.

In each group 2-20 flasks were used. The cultures were

maintained for at least 12 weeks. Long term cultures

were also done with chick fetus 18 day old bone marrow

and chick fetus 15 day old liver.

Preparation of cell suspension:

The adult mice were anaesthetized in ether. Femurs

and livers were removed aseptically. The content of the

mice femurs and chicken 18 day old femurs were flushed

through a needle in Fishers medium separately and cell

suspensions were placed into 10 ml culture flask and so
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adjusted that in each flask there were approximately

2 x 1C)6 cells/ml. A piece of liver was used to make a

cell suspension and cells were placed in the flask.

There were approximately 2 x 10^ cells/ml. Liver cell

suspension was made by a 10 ml pipette and pipette boy

(Swiss made).

Fetal liver cell suspension:

Fetal livers were removed aseptically toVfh. pointed
CIS b-efote ,

forceps. Cell suspension was prepared,, In each culture

flask approximately 2x10^ cells/ml were used.

Neonatal (1 day and 10 day old mice liver) cell suspension:

These animals were sacrificed by decapitation.

Livers were removed aseptically. Cell suspensions were

made and culture flasks were set up as described above.

Methocel, Radiation induced haematopoietic liver cultures:

These mice were anaesthetized in ether. Livers

were removed aseptically. Liver cell suspensions were

made by a 10 ml syringe. Cell suspensions were placed

into a 10 ml culture flask and so adjusted that in each

flask there were approximately 2 x 10^ cells/ml.

The cultures were gassed with 5% CO2 i-n air ancl

incubated at 35°C. Culture medium was replaced once in

a week, and gassed and incubated as before.
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A corelative study was carried out involving:

1. Coulter count (number of cells/ml).

2. Cytospin stained in Jenner-Giesma.

3. Culture flasks stained coin.

(a) Jenner-Giemsa.

(b) Alkaline phosphatase.

(c) Acid phosphatase.

(d) Reticulin fibre.

4. Sections of liver, spleen stained in H&E, PAS.

5. Chalkky eye piece (percentage of stromal cells
occupied in flask) .

6. Autoradiography (labelling of the stromal layer ).

7. Scanning Electron Microscopy (culture flasks).

8. Transmission Electron Microscopy. (Fetal liver,
Neonatal liver) .
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TABLE - 1

GROUPING AND DISTRIBUTION OF CULTURE FLASKS:

Source
Exp. 1 Exp. 2 Exp. 3 Exp. 4
No. of
flasks

No. of
flasks

No. of
flasks

No. of
flasks

Adult bone marrow 20 16 8 8

Fetus (liver) 15
day old mice 12 8 8 8

Fetus (liver) 18
day old mice 2 2 2 2

Newborn (liver) 1
day old mice 16 16 8 8

Newborn (liver) 10
day old mice 8 8 4 4

Adult mice liver 8 8 4 4

Methocel induced

haemopoietic liver 20 u 4 4

Radiation induced
haemopoietic liver 8 - - -

Fetus 18 day old
chicken bone marrow 8 - - -

Fetus 15 day old
chicken liver 16 4 4 4



RESULTS



EXPERIMENT - 1

l
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RESULTS

Experiment 1

Bone Marrow:

In culture flasks stroma started to grow in week 1.

The maximum percentage of stroma was seen in week 2 and 3,

which was about 80% and the minimum 34% of stroma was seen

in week 12 (Table - 2). There was irregular decline of

stromal component after weeks2 and 3 and the stroma was

maintained up to week 12 (Graph - 1). The mean stromal

percentage of these 12 weeks was 60+4 (Table - 16). No

significant difference was observed between the average

percentage of stroma formed in bone marrow and in fetal

liver (day 15) culture flasks. However, the percentage of

stroma formed in bone marrow culture flasks was higher and

statistically significant than the stroma formed in the

culture of fetal liver (day 18), neonatal liver (day 1 and

10), the P values being <0.01, <0.001, <0.001 respectively

(Table - 17). The average percentage of stroma formed in

bone marrow of Experiment 1 was also significantly better

than that of Experiments 2, 3 and 4 (P<0.01, <0.001, <0.001).

The number of cells in the supernatant was maximum in

week 4, about (7-6±2.9) X10-* cells/ml and minimum in

week 6, about (3-2+0.1) X10^ cells/ml as counted in coulter

counter (Table - 3). The number of cells in the supernatant

also declined irregularly (Graph - 2). The mean value of

number of cells in the supernatant of 12 weeks was

(4.32+0.36) X10^ cells/ml (Table - 16). The average number

of cells in the supernatant of bone marrow culture was higher
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significantly than that of fetal liver (day 15 and 18),

neonatal liver (day 1 and 10), the P values were <0.001,

<0.001, <0.001 and <0.01 respectively, (Table - 17). The

average number of cells in bone marrow was also significantly

higher than the average number of cells in bone marrow of

Experiments 2, 3 and 4 (P<0.01, <0.001 and <0.001).

Cells in the supernatant were identified morphologic¬

ally as immature granulocytes (present up to week 11),

(Table - 4), mature granulocyte (present up to week 13)>

megakaryocytes (present till week 7), macrophage (present

up to week 13) and generalised blast cells which were present

up to week 2.

The stromal cells identified morphologically were

endothelial cells and epithelial cells up to week 12, plenty

of fat cells after week 3 and few magakaryocytes. Also

seen in the stroma were plenty of immature and mature

granulocytes, fibroblast like (alkaline phosphatase positive)

and macrophage like (acid phosphatase positive) cells.

Autoradiographs showed heavily labelled stromal,

haemopoietic cells and plenty of fat cells (Photo - V).

The scanning electron microscopy revealed endothelial,

epithelial, fat cells and granulocytes (Photo - XIV).

Fetal Liver (day 15):

Culture flasks - In week 1 stroma started to grow

and the maximum stroma was present in week 2, it was about

61% (Table - 2). Stroma was maintained up to 12 weeks and

the minimum stromal percentage was seen in week 1, which
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was about 36%. The average percentage of stroma in these

12 weeks was 51+2 (Table - 16). No statistically-

significant difference was observed between the average

percentage of stroma formed in fetal liver (day 15) and

bone marrow culture flasks. The average percentage of

stroma formed in fetal liver (day 15) culture was higher

and statistically significant than the stroma formed in

fetal liver (day 18), neonatal liver (day 1 and 10) cultures,

the P values being <0.02, <0.001, <0.001 respectively

(Table - 17). The average percentage of stroma formed in

culture of fetal liver (day 15) in Experiment 1 was also

significantly higher than that of Experiment 2 and 3

(P<0.02 and <0.001) respectively. But no significant

difference was seen between fetal liver (day 15) of

Experiment 1 and that of Experiment 4.

The cells in the supernatant was maximum in week 8,

about 3.0+1.1 (X10^) cells/ml, while the minimum number of

cells in the supernatant was present in week 7 and 9,

about .97 (X10^) cells/ml (Table - 3). The average number

of cells in the supernatant in these weeks was 1.65+0.19

(X10^) cells/ml (Table - 16). The average number of cells

in the fetal liver (day 15) culture was significantly

lower than that of bone marrow, P<0.001 (Table - 17). No

significant difference was seen in number of cells of fetal

liver (day 15) culture in comparison to that of fetal liver

(day 18), neonatal liver (day 1 and 10) culture. Also no

significant difference was found in fetal liver (day 15)

culture of Experiment 1 to that of Experiments 2, 3 and 4

respectively.

Cells identified morphologically 'n the supernatant
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included immature granulocytes (present up to week 11),

(Table - 4), mature granulocytes (present up to week 11),

macrophages (present up to week 13) and erythroblasts

seen up to 1 week only.

Cells in the stromal layer were identified as endothelial

and epithelial cells, few megakaryocytes, granulocytes,

fibroblast like (alkaline phosphatase positive) and

macrophage like (acid phosphates positive) cells. But no

fat cells were identified.

Autoradiographs showed heavily labelled stromal and

haemopoietic cells (immature and mature granulocytes, both

present up to week 12) but no fat cells.

Scanning electron microscopy showed endothelial,

epithelial cells, granulocytes, macrophages but no fat cells.

Transmission electron microscopy revealed granulocytes.

Fetal Liver (day 18):

Stroma started to form in culture flasks in week 1.

The percentage of stroma increased gradually from week 3

and was maximum in week 7, about 54% (Table - 2). It then

declined gradually but maintained up to 12 weeks. The

minimum stroma was seen in week 1 and 2, 17%. The average

percentage of stroma was 40+4 (Table - 16), which was

significantly lower than that of bone marrow, fetal liver

(day 15) and fetal liver (day 18) of Experiment 2 (P<0.01,

<0.02, <0.02) respectively. However, the average percentage

of stroma of fetal liver (day 18) was higher significantly

than that of neonatal liver (day 1 and 10) and fetal liver

(day 18) of Experiment 3 (P values being <0.001, <0.001,
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<0.02). But no significant difference was found in average

Percentage of stroma formed in the fetal liver (day 18)

cultures of Experiment 1 and 4 (Table - 17).

The number of cells in the supernatant was maximum

in week 1, about 2.8 (X10^) cells/ml. It was lowest in

week ;6, about .74 (X10^) cells/ml, but again

increased in the following weeks with about 2.4 (X10-^)
cells/ml in weeks 9, 10 and 12 (Table - 3). The average

number of cells in the supernatant was 1.7+0.20 (X10^)
cells/ml, which was significantly lower than bone marrow

(P<0.001). But no significant difference was seen in ike

number of cells in cultures of fetal liver (day 18) and

that of fetal liver (day 15), neonatal liver (day 1 and

10) and fetal liver (day 18) cultures of Experiment 2.

However, the average number of cells in fetal liver

(day 18) culture of Experiment 1 was significantly higher

than that of Experiments 3 and 4 (P<0.05 in both cases).

The morphological identification of the supernatant

cells showed immature granulocytes (present up to week 4),

(Table - 4), mature granulocytes (present up to week 11),

macrophages (present up to week 12) and erythroblasts

were seen (present up to week 2).

The cells of the stromal adherent layer were identified

as endothelial and epithelial cells, granulocytes, fibro¬

blast like alkaline phosphatase positive cells and

macrophage like acid phosphatase positive cells. No fat

cells were seen.
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Neonatal Liver (day 1):

Culture flasks revealed as usual growth of stroma in

week 1. It gradually increased and the maximal stromal

percentage was seen in week 5, about 26% (Table - 2).

While the minimum stroma was seen in weeks 1, 2 and 3

about 19%. Stroma was maintained up to week 12. The

average stromal percentage was 22+1 (Table - 16) which

was significantly lower than stromal percentage of bone

marrow, fetal liver (day 15) and fetal liver (day 18)

cultures, the P value was <0.001 in all cases. Stromal

percentage of neonatal liver (day 1) of Experiment 1 was

significantly lower than that of Experiment 2 (P<0.01),

higher than of Experiment 3 (P<0.01) and no significant

difference with neonatal liver (day 1) of Experiment 4.

The number of cells in the supernatant was highest

in week 1, about 4.8 (X10^) cells/ml and lowest in week 2

and 3, .98 and .97 (X10^) cells/ml respectively. The number

of cells varied between 1.0-3.0 (X10^) cells/ml (Table - 3)

in the following weeks. The average number of cells in

the supernatant was 1.98+0.32 (X105) cells/ml (Table - 16),

which was significantly lower than bone marrow (P<0.001).

But there were no significant differences between the

average number of cells in the supernatant of neonatal

liver (day 1), fetal liver (day 15 and 18), neonatal liver

(day 10) cultures of Experiment 1 and the same of neonatal

liver (day 1) culture of Experiment 2. But the number of

cells in the supernatant of neonatal liver (day 1) culture

of Experiment 1 was significantly higher than neonatal

liver (day 1) of Experiment 3 and Experiment 4. (P<0.05,
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<0.02) respectively.

Cells in the supernatant included immature granulocytes

present up to week 1 and mature granulocytes and macrophages

both present up to week 13 (Table - 4).

Cells in the adherent layer were identified as

endothelial and epithelial cells, few granulocytes, fibro¬

blast like alkaline phosphatase positive, macrophage like

acid phosphatase positive cells and some lipid laden cells.

Autoradiographs showed heavily labelled stromal

cells (Photo - VI) and few granulocytes, but no fat cells

were seen.

Scanning electron microscopy showed endothelial and

epithelial cells,macrophages, granulocytes and no fat

cells (Photo - XVI).

Transmission Electron microscope also revealed

granulocytes.

Neonatal Liver (day 10):

Culture flasks - lots of cell debris were present in

first three weeks and as such little stromal components

were seen in these periods. Maximal stromal percentage

was seen in weeks 3 and 4 when it was about 21% and 16%

respectively (Table - 2). Little stroma was observed in

the following weeks. The minimum stromal growth was seen

in week 10, about 3%. The average percentage of stroma

for this period was 9+2 (Table - 16). This was

significantly lower than the stromal percentage of bone

marrow, fetal liver (day 15 and 18) and neonatal liver
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(day 1) cultures of Experiment 1, the P value being

<0.001 in all cases. However, the stromal percentage of

neonatal liver (day 10) of Experiment 1 was significantly

lower than that of Experiment 2 (P<0.05).

The coulter count revealed maximum number of cells

in the supernatant in week 2, about 6.0 (X10^) cells/ml

(Table - 3) and minimum number of cells in week 12,.30

(X10^) cells/ml. The cellularity was maintained up to

week 12 and the average number of cells in these 12 weeks

was 2.31+0.45 (X10^) cells/ml (Table - 16). This number

was significantly lower than that of bone marrow (P<0.01).

But no significant difference in number of cells was seen

between neonatal liver (day 10) of Experiment 1 and fetal

liver (day 15 and 18) and neonatal liver (day 1). But the

number of cells was lower significantly in neonatal liver

(day 10) of Experiment 1 to that of Experiment 2 (P<0.05).

The only cell,, in the supernatant was

macrophage , which was present up to week 13 (Table - 4).

No mature or immature granulocytes were seen.

The stromal cells seen morphologically were

endothelial and epithelial cells, fibroblast like alkaline

phosphatase positive and macrophage like acid phosphatase

positive cells. Fat cells were not seen.

Autoradiographs showed few labelled stromal cells

and macrophages.

Adult Liver (mice):

In culture flasks stroma did not grow.
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Methocel induced Haemopoietic Liver:.

Lots of cell debris were seen present in the culture

flasks during first three weeks. From fourth week onward

little stroma started to grow at the bottom of the flasks

and was maintained up to week 14.

In the supernatant only macrophages were identified

and the adherent layer showed epithelial cells and

macrophages.

Autoradiographs revealed few labelled stromal cells.

Liver sections showed scattered haemopoietic foci.

Kupffer cells with phagocytosed material were also seen

(Photo - IX).

Spleen sections revealed extensive phagocytosis in

the red pulp. Megakaryocytes were PAS positive (Photo - X).

Bone marrow was unremarkable in appearance.

Radiation induced Haemopoietic Liver:

In culture flasks lots of cell debris we

up to week 9 and no growth of stroma was seen,

one flask little stroma was observed. The eel

adherent layer was identified morphologically

epithelial cells and macrophages.

Chicken FetalBone Marrow (day 18):

In culture flasks stroma started to form in week 1.

The maximum stromal percentage was seen in week 5, about

re present

Only in

Is in the

as
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99% and minimum 16% was observed in week 2 (Table - 14).

There was gradual increase of stromal component from

week 2 to week 5. The stroma was maintained up to week 6.

The mean stromal percentage for these 6 weeks was 60+17.

The number of cells in the supernatant was highest in

weeks 3, 4 and 6, about 2.5 (X10^) cells/ml (Table - 15).

The number of cells in the supernatant was more or less

the same in weeks 2, 3, 4 and 6. It varied from 2.1 to

2.5 (X10^) cells/ml. The minimum cell count was seen in

week 5, about .97 (X10^) cells/ml. The mean cell count

for 6 weeks was 2.1+0.29 (X10^) cells/ml.

Cells in the supernatant were very few, only cell

debris and macrophages were seen.

The stromal cells were difficult to identify

morphologically.

Autoradiographs showed labelled cells.

Scanning electron microscope revealed different

types of stromal cells.

Chicken Fetal Liver (day 15):

In the culture flasks little stroma was seen in

week 1. The maximum stromal percentage was noticed in

week 6, about 40% (Table - 14), while the minimum was

seen in weeks 2 and 4, about 10%. The average percentage

of stroma of these 12 weeks was 22+3.

The cells in the supernatant were highest in week 3,

about 7.8 (XIO^) cells/ml, minimum count was observed

in week 12, about .93 (X10^) cells/ml. The mean cell

count of the supernatant was 4.43±0.75 (X105) cells/ml.
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(Table - 15).

Cells identified morphologically in the supernatant

were only macrophages.

The stromal cells were different than normal mice

stromal cells.

Autoradiographs showed plenty of labelled stromal

cells with different morphology (Photo - VII).

Scanning electron microscopy showed different

types of cell.
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TABLE - 2

Longterra culture. The proportion of the floor of the flask
occupied by a stromal layer after various periods of incub¬
ation. Cells from bonemarrow or liver incubated in horse
serum + hydrocortisone.

Week
Adult bone
Harrow

Fetal liver

(day 15)
Fetal liver

(day 18)
Neonatal liver

(day 1)
Neonatal liver

(day 10)
No of
Flasks

Mean+SE No of
Flasks

Mean+SE No of
Flasks

Mean+SE No of
Flasks

Mean+SE No of
Flasks

Mean+SE

1 10 49±2.0 8 36+5 2 17±5 11 19±3 4 4±4

2 10 80+2 - 7 61+6 2 17+6 10 19+3 4
'

5+3

3 9 80+2 7 50+2 2 31±0 10 19±2 2 21+3

4 9 71+4 7 51±6 2 49±1 10 22+3 1 16+

5 9 57±4 6 51 ±3 2 51 ±5 10 26±4 1 12±

6 9 65+5 5 56+3 2 42+6 9 21+3 1 8±

7 9 50+3 5 47+4 2 54+4 9 22+4 1 5+

8 8 59+6 5 57+2 2 51+6 8 22+5 1 10+

9 7 49±5 5 49±3 2 44+7 8 22+4 1 11±

10 4 62+6 5 55+4 2 38+7 8 23+7 1 3+

11 4 65+4 5 57+6 2 40+2 7 23+5 1 6+

12 4 34+4 5 45+4 2 42+8 7 21+6 1 10+
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TABLE - 3

Long term culture. The number of cells in the super¬
natant after various periods of incubation. Cells from
bone marrow or liver incubated in horse serum + hydrocortisone.

Week
Adult bone
Marrow

Fetal liver

(day 15)
Fetal liver

(day 18)
Neonatal liver

(day 1)
Neonatal liver

(day 10)
to of
Flasks

Mean+SE

X10~5
to of
Flasks

Mean+SE

X10~5
to of
Flasks

Mean+SE

X10"5
to of
Flasks

Mean+SE

.X10"5
No of
Flasks

Mean+SE

X10"5
1 20 3.9+0.8 12 2.4+0.7 2 2.8+ 16 4.8+1.2 8 3.4+0.2

2 20 4.1+1.7 11 1.4+0.8 2 1.5± 15 .98+0.0 - 6 6.0+1.1

3 19 5.4+0.6 11 1.1+0.3 2 1.2+ 15 •97±0.2 5 2.0±0.8

4 19 7.6+2.9 11 1-7±0.1 2 2.5± 15 1.0±0.2 5 2.3±0.6

5 19 3.4+0.4 10 1.0±0.4 2 -97± 15 1.0±0.2 5 1.2±0.0

6 19 3.2+0.1 9 1.4+0.4 2 .74+ 14 1.7+0.3 5 1.3+0.6

7 19 3.5+0.7 9 .97+0.5 2 1.4+ 14 3.0+1.2 5 2.5+1.2

8 18 4.2+0.8 9 3.0+1.1 2 1.2+ 13 1.8+0.4 5 1.2+0.1

9 17 5.0+1.2 9 .97+0.6 2 2.4+ 13 2.2+0.7 5 4.2+

10 14 3.5+1.2 9 1.5+0.6 2 2.4+ 13 1.8+0.8 5 1.2±

11 14 3.3±1.0 9 3.5+0.7 2 1.5± 12 2.6+1.3 5 2.2+

12 14 4.8+2.4 4 1.9± 2 2.4± 12 2.0+0.5 5 .30+

13 12 1•5±0.3 5 4.8+
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TABLE - 4

Longterm culture. The occurrence of immaturemature granulocytes
and macrophages in the supernatant after various periods
of incubation. Cells from bone marrow or liver incubated
in horse serum + hydrocortisone.

Cells in the supernatant.
Immature granulocytes

Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12 13
Adult bone marrow

Fetal liver (day 15)
223222222

TF—*—
T

Fetal liver (day 18)
Neonatal liver (day IT"

1 1
IF

1 1 1 1 1 1
1 1 1

Neonatal liver (day 10T"

Cells in the supernatant
mature granulocytes Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12 13
Adult bone marrow 3 3 3 3 3 3 2 3 3 3 * * 2
Fetal liver (day 15) 3 4 2 2 1 1 1 1 1 1 1 * *

Fetal liver (day Id) 3 1 2 2 2 * * 2 2 * 1 *

Newborn liver (day 1) 2 * 1 1 2 2 2 * 1 1 1 1 1
Newborn liver (day 10)

Cells in the supernatant
Macrophages Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12 13
Adult bone marrow 2 1 0 1 1 1 1 2 2 2 * * 2
Fetal liver (day 15) 3 1 2 2 2 2 2 2 2 2 1 1 1
Fetal liver (day 18) 2 3 3 3 3 # # 2 3 2 1 3
Newborn liver (day 1 2 1 2 5 3 2 2 2 2 3 2 2 2
Newborn liver (day 10) 2 2 3 0 3 3 * * 1 1 1 1 1

*acellular
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GRAPH - 1

The proportion (%) of the floor of the flask occupied by a

stromal layer after various periods of incubation. Each

point represents the mean+SE of at least 10 different fields

from each of 4 to 10 different flasks (1000 to 2500 points).

Cells from bone marrow were set up in Fisher's medium

supplemented with horse serum and hydrocortisone.
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GRAPH - 2

• • Bon* marrow (m**n)

W**k*

The number of cells in the supernatant after various periods

of incubation. Each point represents the mean(+SE) number

of cells per ml in 14 to 20 different flasks. Cells from

bone marrow were set up in Fisher's medium supplemented

with horse serum and hydrocortisone.
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GRAPH - 3

The proportion (%) of the floor of the flask occupied by a
stromal layer after various periods of incubation. Each

point represents the mean of at least 10 fields from each

of 2 to 11 different flasks (500 to 2750 points). Cells
from bone marrow, fetal liver (day 15), fetal liver (day
18), neonatal liver (day 1) and neonatal liver (day 10)
were set up in Fisher's medium supplemented with horse serum

and hydrocortisone.
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GRAPH - 4

• • Bon* marrow

i a Fatal livar (day 15)

Fatal livar (day18)

The number of cells in the supernatant after various

periods of incubation. Each point represents the mean

number of cells per ml in 2 to 20 different flasks. Cells

from bone marrow, fetal liver (day 15), fetal liver (day 18),

neonatal liver (day 1) and neonatal liver (day 10) were set

up in Fisher's medium supplemented with horse serum and

hydrocortisone.
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GRAPH - 5

The proportion (%) of the floor of the flask occupied by a

stromal layer after various periods of incubation. Each

point represents the mean of at least 10 fields from each

of 4 to 8 different flasks (1000 to 2000 points). Cells from

chicken fetal bone marrow (day 18) and chicken fetal liver

(day 15) were set up in Fisher's medium supplemented with

horse serum and hydrocortisone.
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GRAPH - 6

The proportion (%) of the floor of the flask occupied by a

stromal layer after various periods of incubation. Each

point represents the mean of at least 10 fields from each

of the 4 to 8 different flasks (1000 to 2000 points). Cells

from mice fetal liver (day 15) and chicken fetal liver (day

15) were set up in Fisher's medium supplemented with horse

serum, and hydrocortisone.
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GRAPH - 7

O oChickan !S!H ||var (daylB)
a a Mica fatal 11V • r (d a y 1 8)

Waaka

The number of cells in the supernatant after various periods

of incubation. Each point represents the mean number of

cells per ml in 4 to 12 different flasks. Cells from mice

fetal liver (day 15) and chicken fetal liver (day 15) were

set up in Fisher's medium supplemented with horse serum and

hydrocortisone.
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Experiment 2

Bone Marrow:

Stroma started to form in the culture flasks after

1 week. The maximum percentage of stroma was present in

weeks 2 and 4, about 56% (Table - 5). It gradually

decreased and was minimum in week 10, about 26% (Graph - 8).

The mean stromal percentage of this period was 43+3

(Table - 16). No significant difference was observed

between the percentage of stroma formed in bone marrow and

fetal liver (day 15). The stromal growth was significantly

lower in bone marrow than in the fetal liver (day 18), the

P value being <0.05. But it was significantly higher in

bone marrow than neonatal liver days 1 and 10, P values

were <0.01, <0.001 respectively. The average percentage

of stroma found in bone marrow of Experiment 2 was less

than that of Experiment 1 (P<0.01), but higher than

Experiments 3 and 4 (P <0.001, <0.05).

The number of supernatant cells was maximum in

week 1, about 5.7 (X10^) cells/ml and minimum in week 11,

about 1.2+0.1 (X10^) cells/ml (Table - 6). The number of

cells gradually and irregularly declined after week 4

(Graph - 9). The mean number of cells in the supernatant

in this period was 2.8+0.41 (X10^) cells/ml (Table - 16).

No significant difference was found in average number of

cells from bone marrow culture and fetal liver (days 15

and 18), neonatal liver (days 1 and 10). But the average

number of cells in bone marrow culture of Experiment 2 was

significantly lower than the number of cells in bone

marrow culture of Experiment 1 (P<0.02). The number of

cells in bone marrow culture of Experiment 2 was significantly
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higher than that of Experiments 3 and 4 (PC0.02 and <0.01).

Immature granulocytes (present up to week 4), mature

granulocytes (present up to week 6) and macrophages (up to

week 12) were the cells in the supernatant (Table - 7).

The stromal layer consisted of epithelial and

endothelial cells, few haemopoietic cells, alkaline

phosphatase positive fibroblast and acid phosphatase

positive macrophage like cells. No fat cells were seen.

Fetal Liver (day 15):

In culture flasks stroma started to grow in week 1.

Maximum percentage of stroma was present in week 2, about

58% (Table - 5). Gradually the percentage was decreased

with occasional skip high percentage and it was maintained

up to 12 weeks. The minimum stroma was seen in week 12

about 24% and the average stromal percentage for this

period was 40+3 (Table 16). There was no significant

difference in percentage of stroma formed in the bone marrow

and fetal liver (day 15) culture. The percentage of stroma

formed in the fetal liver (day 15) culture was significantly

less than the average percentage of stroma formed in culture

of fetal liver (day 18), the P value was <0.02. But the

average percentage of stroma in fetal liver (day 15)

culture was significantly higher than that of neonatal

liver (days 1 and 10), the P values were <0.05 and <0.001

respectively. The average stromal percentage in fetal

liver (day 15) of Experiment 2 was significantly less than

that of Experiment 1 (P<0.02), but higher than that of



63

Experiment 3 (P<0.01). No significant difference was

found in the average stromal percentage of fetal liver

(day 15) of Experiment 2 and Experiment 4 (Table - 17).

The number of cells in the supernatant was maximum

in week 8, about 6.5+2.6 (X10^) cells/ml and minimum in

week 5, about .28 (X10^) cells/ml (Table - 6). The

average number of cells in the supernatant was 2.34+0.45

(X10^) cells/ml. No significant difference was found in

the average number of cells in the supernatant between

fetal liver (day 15) and bone marrow, fetal liver (day 18),

neonatal liver (days 1 and 10). The average number of

supernatant cells in fetal liver (day 15) culture of

Experiment 2 was higher significantly than that of

Experiment 4 (PC0.05), however no significant difference

was observed to that of Experiments 1 and 3-

Cells identified in the supernatant were immature

granulocytes (up to week 1), mature granulocytes (up to

week 6) and macrophages (up to week 12), (Table - 7).

Cells in the stromal adherent layer were epithelial

cells, fibroblast like alkaline phosphatase positive cells,

macrophage like acid phosphatase positive cells and

reticulin stain cell positive, fibre negative cells. No

fat cell was seen.

Autoradiographs showed labelled stromal cells.

Fetal Liver (day 18):

Culture flasks revealed formation of stroma starting

in week 1. The stroma started to increase gradually up to

week 4 when maximum stroma formation was found, about 82%
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(Table - 5) while the minimum stroma was seen in weeks

1 and 9, about 41%. The mean stromal percentage was

56+4 (Table - 16). The average percentage of stroma

found in fetal liver (day 18) culture was higher

significantly than bone marrow, fetal liver (day 15)

and neonatal liver (day 1 and 10) cultures, the P values

being <0.05, <0.02, <0.001 <0.001 respectively. The

average percentage of stroma in fetal liver (day 18) of

Experiment 2 was significantly higher than that of

Experiment 1 and 3 (P<0.02 and <0.001) but no difference

was found to that of Experiment 4.

Coulter count of the supernatant revealed number of

cells maximum in week 12, about 5.2 (X103) cells/ml and

minimum in week 7, about 1.2 (X10^) cells/ml (Table - 6).

The mean number of cells in the supernatant for these

12 weeks was 2.58+0.39 (X105) cells/ml (Table - 16). No

significant difference was found in the average number of

cells from cultures of fetal liver (day 18) and that of

bone marrow, fetal liver (day 15) and neonatal liver

(day 1 and day 10). The average number of cells in the

supernatant from the cultures of fetal liver (day 18) of

Experiment 2 was significantly higher than that of

Experiments 3 and 4 (P<0.01 in both cases) but no

significant difference was found with the number of cells

of fetal liver (day 18) culture of Experiments 1 and 2

(Table - 17).

Cells identified in the supernatant were immature

granulocytes (up to week 1), mature granulocytes (up to

week 3) and macrophages (Up to week 12), (Table - 7).
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Cells in the stromal adherent layer were identified

as epithelial cells, fibroblast like alkaline phosphatase

positive cells,macrophage like acid phosphatase positive

cells and few haemopoietic cells. No fat cells were seen.

Neonatal Liver (day 1):

Stroma started to form in the culture flasks in

week 1. It gradually increased in the subsequent weeks

with a maximum stroma in week 5, about 42%. The stroma

was maintained up to week 12 and the minimum stroma was

seen in week 11 and 12 about 19% (Table - 5). The average

stromal percentage was 30+2 (Table - 16). This was sig¬

nificantly lower than the stroma formed in the culture

of bone marrow, fetal liver (day 15), fetal liver (day 18)

but higher than that of neonatal liver (day 10), P value

being <0.01, <0.05, <0.001 and <0.001 respectively. The

average stromal percentage of the neonatal liver (day 1)

culture of Experiment 2 was also significantly higher than

that of Experiments 1, 3> 4 (P<0.01, <0.001, <0.02).

The cell count in the coulter counter showed the

number of cells maximum in week 1, about 3-8+0.5 (X10^)
cells/ml and minimum number of cells in week 3, about

1.1+0.3 (X10^) cells/ml (Table - 6). The cell number of

the supernatant varied in different weeks and higher in

weeks 6, 7 and 12. The average number of cells were

2.16+0.23 (X10^) cells/ml (Table - 16). No significant

difference was seen in the average number of cells in

supernatant of cultures of neonatal liver (day 1) and

that of bone marrow, fetal liver (day 15 and day 18) and
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neonatal liver (day 10). But the average number of cells

in the supernatant of neonatal liver (day 1) culture was

significantly higher than that of Experiments 3 and 4

(P<0.01 in both cases), but no difference was found with

neonatal liver (day 1) culture of Experiments 1 and 2.

Cells of the supernatant were recognised as

immature granulocytes (up to week 2), mature granulocytes

(up to week 2) and macrophage (up to week 12), (Table - 7).

Cells in the adherent layer were identified as

epithelial and endothelial cells, fibroblast like alkaline

phosphatase positive and macrophage like acid phosphates

positive cells. No granulocytes and fat cells were seen.

Neonatal Liver (day 10):

Lots of cell debris were present in the culture

flasks up to week 3, after which few stromal cells started

to settle at the bottom of the flasks. Maximum percentage

of stroma was noticed in week 10, about 26% (Table - 5)

while minimum stromal percentage was seen in week 7,

about 9%. Unlike the other cultures little stroma was

maintained up to week 12. The mean stromal percentage was

16+2 (Table - 16). This was lower significantly than that

of bone marrow, fetal liver (day 15 and day 18), neonatal

liver (day 1), P values being <0.001 in all cases.

However, the average percentage of stroma formed in

neonatal liver (day 10) of Experiment 2 was higher than

that of Experiment 1 (P<0.05).

The supernatant cell count was maximum in week 2,
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it was about 12.5 (X105) cells/ml and the minimum count

was in week 9 and 10, about 1.1 (X10^) cells/ml (Table - 6).

The mean number of cells were 3.13 +0.97 (XIO^) cells/ml

(Table - 16). No significant difference was found in the

average number of cells from neonatal liver (day 10)

culture and that of bone marrow, fetal liver (day 15 and

day 18), neonatal liver (day 1). But the number of cells

in the neonatal liver (day 10) culture of Experiment 2 was

significantly higher than that of Experiment 1 (PC0.05).

Supernatant cells identified were plenty of

macrophages up to week 12, but no immature or mature

granulocytes were seen (Table - 7).

The stromal cell layer showed plenty of macrophage

like acid phosphatase positive cells, few epithelial

cells and few fibroblasts like alkaline phosphatase

positive cells.

Adult Liver (Mice) and Methocel Induced Haemopoietic Liver:

Culture flasks showed no growth of stroma and in the

supernatant fluid lots of cell debris were present.

Chicken Fetal Liver (day 15):

In culture flasks little stroma started to grow in

week 1. The maximum percentage of stroma was seen in

week 7, about 18% and minimum was seen in week 8, about

6% (Table - 14). Stroma was maintained up to week 12.

The average stromal percentage for this period was 12+1%.
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The number of supernatant cells was maximum in week

1 and 8, about 10.0 (X10^) cells/ml and minimum in week 12,

about .53 (X10^) cells/ml. The average number of cells in

the supernatant was 4.65+1.10 (X10^) cells/ml (Table - 15).

Cells in the supernatant were identified as only

macrophages.

The stromal cells were different in morphology than

normal mice stromal cells.

Autoradiographs showed labelled stromal cells with

different morphology.
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TABLE - 5

Longterm culture. The proportion of the floor of the
flask occupied by a stromal layer after various periods
of incubation. Cells from bone marrow or liver incubated
in horse serum.

Week
Adult bone
Marrow

Fetal liver

(day 15)
Fetal liver

(day 18)
Neonata

(day 1
tl liver Neonatal liver

(day 10)
No of
Flasks

Mean+SE Wo of
Flasks

Mean+SE No of
Flasks

Mean+SE No of
Flasks

Mean+SE No of
Flasks

Mean+SE

1 6 52+4 7 55+8 2 41+6 11 27±2 5 10±4

2 6 56+5 7 58+3 2 54+26 11 33±1 5 10+4

3 6 54+6 7 50+6 2 70+12 11 32+4 5 11+2

4 6 56+3 7 46+3 2 82+14 10 40+5 5 10+2

5 5 -o+7 6 52+5 2 73+5 10 42+6 2 17+0

6 5 51+2 6 37±3 2 61+4 7 36+1 2 18+2

7 5 38+6 6 33±2 2 63±7 7 35±3 1 89±

8 5 40+6 6 34+2 2 47+2 7 26+4 1 12+

9 5 36±7 6 37±5 2 41+5 7 30+4 1 20+

10 4 26+5 5 25±1 2 42+9 7 26+7 1 26+

11 4 31+6 5 28+1 2 49±3 7 19±3 1 23±

12 4 29+1 5 24+2 2 44+3 7 19±5 1 22+
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TABLE - 6

Longterm culture. The number of cells in the supernatant
after various periods of incubation. Cells from bone
marrow or liver incubated in horse serum.

Week
Adult bone
Marrow

Fetal liver i

(day 15)
'etal liver

day 18)
Neonatal liver

(day 1)
Neonatal liver

(day 10)
No of

flasks

Mean+SE

X10 "5
\Io of

flasks

Mean+SE I

X10"5 :

o of

Tasks

Mean+SE

X10 ~5
No of

flasks

Mean+SE

X10 "5
No of

flasks

Mean+SE

X10

1 16 5.7+0.8 8 2.9+0.7 2 3.0+ 16 3.8+0.5 8 6.2+1.4

2 16 3-1±1.0 8 2.8+1.b 2 1.4± 16 1.7±0.1 8 2.5±8.4

3 16 3.2+1.7 8 1.1+0.05 2 16 1.1+0.3 8 5.0+3.6

4 16 5.3±1.8 8 1.0±0.1 2 1.6+ 16 2.2+0.9 8 2.0+0.4

5 16 2.2+0.5 8 .28+ 2 1.7+ 16 1.3+0.2 8 2.3±0.7

6 16 2.2+0.8 8 1.6+ 2 1.3+ 16 3.0+1.1 8 1.4+1.1

7 16 1.6+0.4 8 1.4+0.4 2 1.2± 16 2.9±0.1 8 1•3±0.3

8 16 2.1+0.6 8 6.5+2.6 2 2.9± 16 1.4+0.2 8 1.4+0.4

9 16 2.3+0.5 8 3-1+ 2 3.1+ 16 2.5+0.5 8 1.1+0.1

10 12 1.5+0.5 8 2.7+0.9 2 2.7+ 16 1.9+0.6 4 1.1+

11 12 1.2+0.1 8 2.7+0.7 2 4.3+ 16 1.6+0.4 8 1.5+0.1

12 12 3.2+0.3 8 2.1+0.4 2 5.2+ 16 2.6+1.2 4 1.8+
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TABLE - 7

Longterm culture. The occurrence of immature granulocytes,
mature granulocytes and macrophages in the supernatant
after various periods of incubation. Cells from bone
marrow or liver incubated in horse serum.

Cells in the supernatant
Immature granulocytes Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12 13

Adult bone marrow 2 1 1 1

Fetal liver (day 15 2
Fetal liver (.day 16) 1
Neonatal liver (day 1) 2 1
Neonatal liver (day 10)

Cells in the supernatant
Mature granulocytes Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12 13
Adult bone marrow 3 1 1 1 1
Fetal liver (day 15) 3 2 1 1
Fetal liver (day 16) 3 1 1
Neonatal liver (day 1) 3 1
Neonatal liver (day 10T

Cells in the supernatant
Macrophage Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12 13
Adult bone marrow 2 2 2 2 2 1 2 2 2 2 2 2
Fetal liver (day 15) 1 3 3 3 2 2 3 2 1 2 2 2
Fetal liver (day 16) 2 2 2 2 2 1 1 1 1 1 1 2
Neonatal liver (day 1) 2 2 2 2 1 2 1 1 2 2 2 2
Neonatal liver (day 10) 2 2 2 1 2 1 1 2 2 2 2
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GRAPH - 8

The proportion (%) of the floor of the flask occupied by a

stromal layer after various periods of incubation- Each

point represents the mean+SE of at least 10 fields from

each of the 4 to 6 different flasks (1000 to 1500 points).

Cells from bone marrow were set up in Fisher's medium

supplemented with horse serum.
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GRAPH - 9

• • >ont marrow (main)

< ► SE

10"

Waaka

The number of cells in the supernatant after various periods

of incubation. Each point represents the mean (+SE) number

of cells per ml in 12 to 16 different flasks. Cells from

bone marrow were set up in Fisher's medium supplemented

with horse serum.
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GRAPH - 10

The proportion (%) of the floor of the flask occupied a

stromal layer after various periods of incubation. Each

point represents the mean of at least 10 fields from each
of 2 to 11 different flasks (500 to 2750 points). Cells
from bone marrow, fetal liver (day 15), fetal liver (day
18), neonatal liver (day 1) and neonatal liver (day 10)
were set up in Fisher's medium supplemented with horse
serum.
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GRAPH - 11

"• Bona marrow

A Fatal 11 v a r (day 15)

The number of cells in the supernatant after various

periods of incubation. Each point represents the mean

number of cells per ml in 2 to 16 different flasks. Cells

from bone marrow, fetal liver (day 15), fetal liver (day

18), neonatal liver (day 1) and neonatal liver (day 10)
were set up in Fisher's medium supplemented with horse serum.
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GRAPH - 12

The proportion (%) of the floor of the flask occupied by a

stromal layer after various periods of incubation. Each

point represents the mean of at least 10 fields from each

of 4 to 7 different flasks (1000 to 1750 points). Cells

from mice fetal liver (day 15) and chicken fetal liver (day

15) were set up in Fisher's medium supplemented with horse

serum.
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GRAPH - 13

a a Mica fatal livar (day15)
0 OChickan fatal llvar (daylS)

The number of cells in the supernatant after various

periods of incubation. Each point represents the mean

number of cells per ml in 4 to 8 different flasks. Cells
from mice fetal liver (day 15) and chicken fetal liver

(day 15) were set up in Fisher's medium supplemented with
horse serum.



EXPERIMENT - 3



78

Experiment 3

Bone Marrow:

Stroma started to form in the culture flasks in

week 1. The maximum stroma was marked in week 1, about

23% while the minimum stroma was seen in week 8, about 8%

(Table - 8). The average stromal percentage was 15+2

(Table - 16). Stroma was maintained up to week 8.

Stroma formed in bone marrow culture was significantly

lower than stroma formed in cultures of fetal liver (day

15 and day 18), P values being <0.02 and <0.05 respectively.

But no significant difference was seen in stroma developed

in bone marrow and neonatal liver (day 1) cultures. The

stromal percentage seen in bone marrow cultures of

Experiment 3 was significantly lower than that of

Experiments 1, 2 and 4, P values were <0.001, <0.001 and

<0.01 (Table - 17).

The number of cells in the supernatant was highest

in week 6, about 2.7+2.4 (X10^) cells/ml and the minimum

in week 11, about .22 (X10^) cells/ml (Table - 9). The
CT

mean number of supernatant cells was 1.36+0.23 (X103)

cells/ml (Table - 16). The cell count of the supernatant

revealed no significant difference between the bone

marrow and fetal liver (day 15 and day 18), neonatal

liver (day 1) cultures. The number of cells in the

supernatant of the bone marrow culture of Experiment 3

was significantly lower than that of Experiments 1 and 2,

P values being <0.001 and <0.02 respectively. However,

no significant difference was observed between the number

of cells in bone marrow culture of Experiments 3 and 4.
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Cellular component of the supernatant was identified

as mature granulocytes up to week 1, macrophages up to

week 9 and no immature granulocytes were seen (Table - 10).

Fetal Liver (day 15):

Stroma started to grow as usual in week 1 with

maximum stroma in week 1, about 43% and minimum stroma in

week 10, about 14% (Table - 8). The average percentage

of stroma was 25+3 (Table 16). The average stromal

percentage in fetal liver (day 15) culture was significantly

higher than bone marrow and neonatal liver (day 1) cultures

(P<0.02 and <0.01) respectively. But no significant

difference was observed in the average percentage of stroma

between the fetal liver (day 15) and (day 18). Significantly

less stroma was seen in the cultures of fetal liver

(day 15) of Experiment 3 to that of Experiments 1, 2 and

4, P values being <0.001, <0.01, <0.01 respectively.

The number of cells in the supernatant was highest

in week 5, 7-9 (X10^) cells/ml and minimum in week 11,

about .15 (X10^) cells/ml (Table - 9). The average

number of cells in the supernatant was 2.04 + 0.77 (X10^)
cells/ml. No significant difference was found in the

average number of cells in the supernatant of fetal liver

(day 15) culture and the cultures of bone marrow, fetal

liver (day 18), neonatal liver (day 1). Also no

statistically significant difference was found in the

average number of supernatant cells in fetal liver

(day 15) culture of Experiment 3 and that of Experiments

1 , 2 and 4.
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Fetal Liver (day 18):

In culture flasks stroma started to form in week 1 .

Maximum stromal percentage was seen in week 4, about 44%

and minimum in week 1, 9% (Table - 8), while mean stromal

percentage was about 25+4. The average percentage of

stroma found in fetal liver (day 18) culture was

significantly higher than that of bone marrow and

neonatal liver (day 1) cultures, P value <0.05 in both

cases. But no significant difference was observed between

the percentage of stroma in fetal liver (day 18) and fetal

liver (day 15) cultures. The average percentage of stroma

in fetal liver (day 18) culture of Experiment 3 was

significantly lower than that of Experiments 1, 2 and 4,

P values were <0.02, <0.001 and <0.01 respectively.

Cells in the supernatant were highest in week 1,

about 2.3 (X10^) cells/ml and minimum in weeks 3 and 6,

.22 (X10-') cells/ml (Table - 9). The average number of

cells in the supernatant was 0.90 +0.24 (X10^) cells/ml

(Table - 16). No significant difference was observed in

the number of supernatant cells between the fetal liver

(day 18) culture and the cultures of bone marrow, fetal

liver (day 15)r neonatal liver (day 1), (Table - 17).

The average number of cells in the supernatant in the

cultures of fetal liver (day 18) of Experiment 3 was

significantly lower than that of Experiments 1 and 2,

(P<0.02, <0.01) but no significant difference was

noticed between the average number of cells in the

supernatant of Experiments 3 and 4 fetal liver (day 18)

cultures.
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Cells in the supernatant were recognised as

immature granulocytes (up to week 1), mature granulocytes

(up to week 9) and macrophages (up to week 10), (Table - 10).

The adherent layer composed of epithelial cells, few

haemopoietic cells and macrophages.

Neonatal Liver (day 1):

Stroma started to grow in week 2 with a maximum

stromal percentage in week 3» about 23% and minimum in

week 2, 4+1% (Table - 8). The average stromal percentage

was 14+2 (Table - 16). No significant difference was

observed between the percentage of stroma formed in

neonatal liver (day 1) and bone marrow cultures. But the

average percentage of stroma in neonatal liver (day 1)

was significantly lower than that of fetal liver (days

15 and 18) cultures, P values were <0.01 and <0.05

respectively. The average stromal percentage of neonatal

liver (day 1) culture of Experiment 3 was significantly

lower than that of Experiments 1 and 2 (P<0.01, <0.001)

but no significant difference was found between

Experiments 3 and 4.

The number of cells in the supernatant was maximum

in week 4, about 2.7 (X105) cells/ml and minimum in

week 11, .10 (X10-*) cells/ml (Table - 9). The average

number of cells in the supernatant was 1.0+0.23 (X105)

cells/ml, (Table - 16). The cell count of the supernatant

did not show any significant difference in the average

number of cells between neonatal liver (day 1) culture

and cultures of bone marrow, fetal liver (day 15 and
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day 18). The average number of cells in the supernatant

of neonatal liver (day 1) of Experiment 3 was significantly

lower than that of Experiments 1 and 2 (P<0.05, <0.01)

but no significant difference was noticed between

Experiments 3 and 4 (Table - 17).

The cells in supernatant were identified as mature

granulocytes (present in weeks 1 and 5), macrophages (up

to week 12), but no immature granulocytes were seen

(Table - 10).

Cells in the adherent layer were identified as

epithelial cells, megakaryocytes and plenty of macrophages.

Autoradiographs showed plenty of labelled stromal

cells.

Neonatal Liver (day 10), Adult Liver (Mice) and Methocel
Induced Haemopoietic Liver:

In culture flasks no stroma was formed. Plenty of

cell debris was seen in the supernatant.

Chicken Fetal Liver (day 15):

Stromal growth was not observed in all weeks except

week 4, where little stroma was seen formed in 4 flasks

and the stromal percentage was about 5% (Table - 14).

In the supernatant only cell debris was seen.



83

TABLE - 8

Longterm culture. The proportion of the floor of the
flask occupied by a stromal layer after various periods
of incubation. Cells from bone marrow or liver incubated
in fetal calf serum + hydrocortisone.

Week
Adult bone
Marrow

Fetal liver

(day 15)
Fetal liver

(day 18)
Neonatal liver

(day 1)
No of
flasks

Mean+SE No of
flasks

Mean+SE No of
flasks

Mean+SE No of
flasks

Mean+SE

1 4 23.0+1 4 43+1 2 9+5 4 **

"

2 4 18+3 4 41+10 2 11+6 4 4+1

3 4 18+3 4 27+5 2 27±11 4 23+2

4 4 14+2 4 27±5 2 44+3 4 19+3

5 4 10+2 24+2 2 12+4 4 17±5

6 4 20+4 4 23+4 2 33+4 4 18+3

7 4 9+3 4 21+4 2 33±2 4 17±3

8 4 8+2 4 24+7 2 33+5 4 14+3

9 4 ** 4 22+4 2 26+3 4 9+1

10 4 14+3 2 22+2 4 13+4

11 4 16+4 ** 4 13+3

12 4 16+1 4 9+1

** Very difficult to count
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TABLE - 9

Longterm culture. The number of cells in the supernatant
after various periods of incubation. Cells from bone
marrow or liver incubated in fetal calf serum + hydro¬
cortisone .

Week
Adult bone
Marrow

Fetal liver

(day 15)
Fetal liver

(day 18)
Neonatal liver

(day 1)
No of

flasks

Mean+SE

X10"5
No of

flasks

Mean+SE

X10"5
No of

flasks

Mean+SE

;xio~5
No of

flasks

Mean+SE

X10"5
1 8 2.1+0.7 8 5.85+3.2 2 2.3+ 8 1.8+0.4

2 8 1.4+0.6 8 2.6+1.4 2 2.2+ 8 1.8+0.5

3 8 1.4+0.2 8 0.9+0.0 2 .22+ 8 0.8+0.5

4 8 2.5+1.2 8 2.35+0.8 2 1.2+ 8 2.7+0.9

5 8 1.1+0.5 4 7.9± 2 .74+ 8 1.5+0.3

6 8 2.7+2.4 4 -27± 2 .22+ 8 0.8+0.2

7 8 1.0+0.7 4 .76+ 2 .28+ 4 .14+

8 8 0.9+0.0 4 .63+ 2 .68+ 8 0.80+0."

9 8 0.8-^0.2 8 .69+0.1 2 .65+ 4 .88+

10 8 .84+ 4 • 31± 2 .58+ 8 0.63±

11 8 .22+ 4 .13+ 4 .10+
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TABLE - 10

Longterm culture. The occurrence of immature granulocytes ,

mature granulocytes and macrophages in the supernatant
after various periods of incubation. Cells from bone
marrow or liver incubated in fetal calf serum + hydro¬
cortisone.

Cells in the supernatant
Immature granulocytes Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12 13

Adult bone marrow 0 * *

Fetal liver (day 15) 1 1 * * * 1 1

Fetal liver (day 18) 1

Neonatal liver (dayl) 0 * *

Cells in the supernatant Weeks
Mature granulocyte

Source 1 2 3 4 5 6 7 8 9 10 11 12 13
Adult bone marrow 1 * *

Fetal liver (day 15) 3 3 2 2 1 2 1 2 1 1
Fetal liver (day 18) 3 1 1 1 1 1 1 1 1
Neonatal liver (day 1) 2 # # * 1 * *

Cells in the supernatant
Macrophages Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12 13
Adult bone marrow 2 *' 1 1 # 1 0 1
Fetal liver (day 15) 1 1 1 2 1 1 1 1 1 2 2
Fetal liver (day 18) 1 2 2 2 2 2 1 1 1
Neonatal liver (day 1) 2 1 1 1 1 1 1 1 1 1 1

*acellular
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GRAPH - 14

The proportion (%) of the floor of the flask occupied by a

stromal layer after various periods of incubation. Each

point represents mean+SE of at least 10 fields from each

of 4 different flasks (1000 points). Cells from bone marrow

were set up in Fisher's medium supplemented with fetal calf

serum and hydrocortisone.
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GRAPH - 15

Bon* marrow (moan)

SE

The number of cells in the supernatant after various

periods of incubation. Each point represents the mean (+SE)

number of cells per ml in 8 different flasks. Cells from

bone marrow were set up in Fisher's medium supplemented

with fetal calf serum and hydrocortisone.
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GRAPH - 16

The proportion (%) of the floor of the flask occupied by a

stromal layer after various periods of incubation. Each

point represents the mean of at least 10 fields from each

of 2 to 4 different flasks (500 to 1000 points). Cells
from bone marrow, fetal liver (day 15), fetal liver (day
18) and neonatal liver (day 1) were set up in Fisher's
medium supplemented with fetal calf serum and hydrocortisone.
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GRAPH - 17

Bona marrow

Fatal livar (daylS)

The number of cells in the supernatant after various

periods of incubation. Each point represents the mean

number of cells per ml in 2 to 8 different flasks. Cells

from bone marrow, fetal liver (day 15), fetal liver (day

18) neonatal liver (day 1) were set up in Fisher's medium

supplemented with fetal calf serum and hydrocortisone.



EXPERIMENT - 4



Experiment 4

Bone Marrow;

In culture flasks stromal growth was observed from

week 1. The maximum stroma was seen in week 3, about 47%,

while the minimum in week 8, 20% (Table - 11). The mean

stromal percentage was 32+2 (Table - 16). No significant

difference was observed in the stromal growth in cultures

of bone marrow and fetal liver (day 15). The average

stromal percentage in bone marrow culture was lower

significantly than the stroma formed in cultures of fetal

liver (day 18) but higher than neonatal liver (day 1)

culture, P values were <0.05 and <0.02 respectively.

The stromal component in bone marrow culture of

Experiment 4 was lower significantly than that of

Experiments 1 and 2 (P<0.001, <0.05) and higher than

Experiment 3 (P<0.01).

The number of cells in the supernatant were highest

in week 11, 4.7 (X10^) cells/ml and lowest in week 7,

about .10 (X10^) cells/ml (Table - 12). The mean number

of cells in these periods was 0.69+0.22 (X10^) cells/ml,

(Table - 16). There was no significant difference in

the number of cells in the supernatant of-bone marrow,

fetal liver (day 15 and 18) and neonatal liver (day 1)

cultures. The number of cells in the supernatant of bone

marrow culture of Experiment 4 was significantly lower

than that of Experiments 1 and 2 (P<0.001, <0.01) but

no difference was seen with bone marrow culture of

Experiment 3-

Immature granulocytes were absent, mature granul-
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ocytes were seen only in week 1 and macrophages were

present up to week 12 in the supernatant (Table - 13).

The stromal cells were identified as epithelial

cells, fibroblast like alkaline phosphatase positive

and macrophage like acid phosphatase positive cells and

few megakaryocytes. No haemopoietic cells and fat cells

were seen.

Fetal Liver (day 15):

Stroma started to grow in week 1 as usual. The

maximum stroma was seen in week 4, about 62% (Table - 11),

while the minimum was seen in week 12, about 19%. The

mean stromal percentage was 41+4 (Table - 16). No

significant difference was seen between the average

percentage of stroma formed in fetal liver (day 15) and

bone marrow, fetal liver (day 18) cultures. Significantly

higher stromal percentage was noticed in fetal liver

(day 15) culture than that of neonatal liver (day 1)

culture, (PC0.01). No significant difference was found

between the average percentage of stroma formed in fetal

liver (day 15) culture of Experiment 4 and that of

Experiments 1 and 2, but higher than Experiment 3 (P<0.01).

The cell count of the supernatant was highest in

week 4, about 4.2 (X10^) cells/ml (Table - 12) and lowest

in week 10, about .16 (X10^) cells/ml. The average number

of cells in the supernatant in the period was 0.87+0.31

(X10^) cells/ml (Table - 16). The cell count of the

supernatant in the culture of fetal liver (day 15), bone

marrow, fetal liver (day 18) and neonatal liver (day 1)
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did not reveal any significant difference. Also no

significant difference was observed in the average number

of cells in the supernatant of fetal liver (day 15)

culture of Experiment 4 to that of Experiments 1 and 3,

but this was significantly lower than that of

Experiment 2 (P<0.05).

Cells identified in the supernatant were immature

granulocytes and mature granulocytes (both present up to

week 3) and macrophages (up to week 12), (Table - 13).

The cells in the adherent layer were epithelial

cells, fibroblast like alkaline phosphatase positive

cells and macrophage like acid phosphatase positive cells.

No haemopoietic and fat cells were seen.

Autoradiographs showed labelled stromal cells.

Fetal Liver (day 18):

In week 1 stroma started to grow. The maximum

stroma formation was seen in week 4, about 75% (Table - 11),

while the minimum in week 1, about 18% and the mean stromal

percentage of the period was 49+6 (Table - 16). Average

stromal percentage in fetal liver (day 18) culture was

significantly higher than that of bone marrow and neo¬

natal liver (day 1) cultures (P<0.05, <0.01), but no

significant difference was seen in stromal percentage of

fetal liver (day 18) and fetal liver (day 15) cultures.

There was no significant difference in the average stromal

component in fetal liver (day 18) culture of Experiment 4

and that of Experiments 1 and 2, but it was significantly

higher than that of Experiment 3 (P<0.01).
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The coulter count of the supernatant revealed

maximum number of cells in week 1, about 2.8 (X10^)
cells/ml (Table - 12) and minimum in week 6, about

.12 (X10^) cells/ml. The mean number of cells in

supernatant was 0.94+0.27 (X10 ^) cells/ml, (Table - 16).

The average number of cells in the supernatant of the

cultures of fetal liver (day 18), bone marrow, fetal

liver (day 15) and neonatal liver (day 1) did not reveal

any significant difference. But significantly lower

count was seen in the supernatant of fetal liver (day 18)

culture of Experiment 4 in comparison to that of

Experiments 1 and 2 (P<0.05 and <0.01) but no such

significant difference was observed to that of Experiment 3.

Cells identified in the supernatant were only

macrophages up to week 12 (Table - 13). Immature and

mature granulocytes were absent.

Cells in the adherent layer were identified as

epithelial, endothelial cells, fibroblasts, macrophages

and few megakaryocytes. No fat cells were seen.

Neonatal Liver (day 1):

Stroma started to grow from week 1. There were

gradual increases of stroma up to week 5, after that the

percentage of stroma varied betweenl6% to 29%. The

maximum stroma was found in week 6, about 29%, and the

minimum in week 2, about 5% (Table - 11). The mean

stroma percentage was 20+3 (Table 16). The average stromal

percentage in the neonatal liver (day 1) culture was

significantly higher than that of bone marrow, fetal
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liver (day 15 and day 18) cultures (P<0.02, <0.01, <0.01).

No significant difference was observed between the

average percentage of stroma formed in neonatal liver

(day 1) culture of Experiment 4 to that of Experiments 1

and 3 with exception of Experiment 2 where it was

significantly lower (P<0.02), (Table - 17).

The coulter count of the supernatant revealed

maximum number of cells in week 11, about 3.0 (X105)

cells/ml and minimum in week 9, about .31 (X10^) cells/ml,

(Table - 12). The average number of cells in the super¬

natant was 1.08+0.23 (X10^) cells/ml (Table - 16). No

significant difference was found in the average number of

cells in the supernatant between the cultures of neonatal

liver (day 1), bone marrow and fetal liver (day 15 and 18).

The average number of cells in the supernatant of neonatal

liver (day 1) culture of Experiment 4 was significantly

lower than that of Experiments 1 and 2 (P<0.02, <0.01)

respectively, but no significant difference was found

in the average number of cells in the supernatant of

neonatal liver (day 1) culture of Experiments 3 and 4.

Cells in the supernatant were recognised as mature

granulocyte (up to week 1), macrophages (up to week 12),

(Table - 13).

Cells in the adherent layer were identified as

epithelial cells, fibroblast like alkaline phosphatase

positive and macrophage like acid phosphatase positive

cells. No granulocytes and fat cells were seen.
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Neonatal Liver (day 10), Adult Liver (Mice) and
Methoeel Induced Haemopoietic Liver:

In culture flasks no stromal growth was seen.

Lots of cell debris was present in the supernatant.

Chicken Fetal Liver (day 15):

In culture flasks stroma started to form as usual

in week 1. The maximum stroma was observed in week 10,

about 30% (Table - 14) and minimum in weeks 4 and 8,

about 10%. The mean stromal percentage was 15+2.

The supernatant cell count was highest in week 4,

about 10.0 (XIO^) cells/ml and lowest in week 3, about

1.1 (X10^) cells/ml. The average number of cells in the

supernatant was 4.6+1.3 (X10^) cells/ml, (Table - 15).

Cells in the supernatant were identified as

macrophages.

In the stromal adherent layer different cell types

were seen which were morphologically different from mice

stromal cells.

Autoradiographs showed labelled cell with different

morphology.
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TABLE - 11

Longterm culture. The proportion of the floor of the
flask occupied by a stromal layer after various periods
of incubation. Cells from bone marrow or liver incubated
in fetal calf serum.

Week
Adult bone
Marrow

Fetal liver

(day 15)
Fetal liver

(day 18)
Neonatal liver

(day 1)
No of
flasks

Mean+SE No of
flasks

Mean+SE No of
flasks

Mean+SE No of
flasks

Mean+SE

1 4 42+6 4 49+3 2 18+1 4

2 4 40+3 4 60+5 2 19+4 4 5+1

3 4 47+1 4 54+2 2 26+11 4 8+2

4 4 37+1 4 62+6 2 75+1 4 11+2

5 4 30+3 4 58+2 2 42+9 4 16+1

6 4 35+5 4 42+7 2 62+6 4 29+6

7 4 27+2 4 32+6 2 74+3 4 28+1

8 4 20+4 4 39+9 2 65+4 4 27+4

9 4 22+7 4 30+7 2 61+3 4 26+3

10 4 23+1 4 27+2 2 44+5 4 26+3

11 4 30+4 4 25+4 2 54+0 4 26+5

12 4 34+4 4 19+3 2 42+4 4 16+2
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TABLE - 12

Long term culture. The number of cells in the supernatant
after various periods of incubation. Cells of bone marrow
or liver incubated in fetal calf serum.

Week
Adult t
Marrow

)one Fetal liver

(day 15)
Fetal liver

(day 18)
Neonatal liver

(day 1}
No of

Flasks

Mean

.X10-.5
No of

Flasks

Mean

X10-5

No of

Flasks

Mean

X10-5

No of

Flasks

Mean

X10-5

1 4 1.1 4 .59 2 2.8 4 1.4

2 4 .49 4 .97 2 2.5 4 -

3 4 .43 4 1.1 2 .64 4 1.3

4 4 2.6 4 4.2 2 .62 4 1.2

5 4 .31 4 • 30 2 1.3 4 .46

6 4 4 .29 2 .12 4 .54

7 4 .10 4 .23 2 .53 4 .47

8 4 .54 4 .66 2 .81 4 1.5

9 4 .34 4 .42 2 .31 4 .31

10 4 4 .16 2 .59 4 1.0

11 4 4.7 4 .56 2 4 3.0

12 4 .60 4 .96 2 .16 4 .71
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TABLE - 13

Longterm culture. The occurrence of immature granulocytes,
mature granulocytes and macrophages in the supernatant
after various periods of incubation. Cells from bone
marrow or liver incubated in fetal calf serum.

Cells in the supernatant
Immature granulocytes Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12
Adult bone marrow 0
Fetal liver (day 15) 1 1 1
Fetal liver (day 18) 0
Neonatal liver (day 1) 0

Cells in the supernatant
Mature granulocytes Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12
Adult bone marrow 2
Fetal liver (day 15) 3 1 1
Fetal liver (day 18) 0

Cells in the supernatant
Macrophages Weeks

Source 1 2 3 4 5 6 7 8 9 10 11 12
Adult bone marrow 2 1 1 1 2 1 1 1 1 1 3
Fetal liver (day 15) 1 1 1 1 1 1 1 1 1 2 1 1
Fetal liver (day 18) 2 2 2 1 1 1 1 1
Neonatal liver (day 1) 2 1 1 1 1 1 1 1 1 1 2 1
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TABLE - 14

Longterm culture. The proportion of the floor of the
flask occupied by a stromal layer after various periods
of incubation. Cells from chicken bone marrow (day 18)
and chicken fetal liver (day 15) incubated in horse serum
or fetal calf serum with or without hydrocortisone.

Week

Bone marrow

(horse serum +

hydrocortisone)
Wo of flasks

(4)

Fetal liver
(horse serum +

hydrocortisone)
No of flasks

(8)

Fetal liver
(horse serum)
No of flasks

(4)

Fetal liver
(fetal calf
serum + hydro¬
cortisone)
No of flasks

(4)

Fetal liver
(fetal calf
serum)
No of flasks

(4) ,

2 16+5 10+1 9+2 11+3

3 38+2 11+1 14+2 14+3

4 49+15 10+3 10±1 5±2 10±1

5 99+1 20+5 13+2 11+2

6 87+1 40+14

7 18+6 18+4 14+2

8 33±12 6+0 10+1

9 26+6 12+1 18+7

10 32+9 15+3 30+7

11 29±8 9+0

12 26+7 9+0

Average
% of
Stroma

60+17 22+3 12+1 5+2 15+2
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TABLE - 15

Longterm culture. The number of cells/ml in the
supernatant after various periods of incubation. Cells
from chicken bone marrow (day 18) and chicken fetal liver
incubated in horse serum or fetal calf serum, with or
without hydrocortisone .

Week

Bone marrow

(horse serum +

hydrocortisone)
Cells/ml

Fetal liver
(horse serum +

hydrocortisone)
Cells/ml

Fetal liver
(horse serum)
Cells/ml

Fetal liver
(fetal calf
serum)
Cells/ml

X10 "5
No -of flasks

(4)

X10 "5
No of flasks

(8)

.X10 "5
No of flasks

(4)

X10-"5
No of flasks

(4)

1 10.0 5.3

2 2.1 7.0 5.0 4.9

3 2.5 7.8 .93 1.1

4 2.5 5.2 6.2 10.0

5 .97 5.9 6.4 5.0

6 2.5

8 2.7 10.0 1.3

9 2.2 1.6

10 3-7 2.8

11 4.5 3-1

12 .93 .53

Average
number of
cells/ml
Mean+SE

2.1+0.29 4.43+0.75 4.65+1.1 4.6+1.33
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TABLE - 16

Longterm culture. The average percentage of stroma per
flask: (Mean+SE) and average number of cells/ml (Mean+SE)
Xld^ up to 12 weeks. Cells from bone marrow or liver
incubated in horse serum or fetal calf serum with or

without hydrocortisone.

Culture flasks Average % of stroma per
flasks (Mean+SE)

Average number of cells
per ml(Mean+SE)X10~5

Experiment - 1
Bone marrow 60±4 4.32+0.36
Fetal liver (day 15) 51+2 1.65±0.19
Fetal liver (day 18) 4C±4 1.75±0.20
Neonatal liver (day 1) 22+1 1.98±0.32
Neonatal liver (day 10) '.'9*2 2.31±0.45

Experiment - 2
Bone marrow 43±3 2.8+0.41
Fetal liver (day 15) 40+3 2.34±0.45
Neonatal liver (day 1) 56±4 2.58±0.39
Neonatal liver (day 101 16+2 3.13±0.97

Experiment - 3
Bone marrow 15+2 1.36+0.23
Fetal liver (day 15) 25+3 2.04+0.77
Fetal liver (day 18) 25±4 0.90+0.24
Neonatal liver (day 1) 14±2 1.0±0.23

Experiment - 4
Bone marrow 32+2 0.69+0.22
Fetal liver (day 15) 41+4

. 0.8Y±0.31
Fetal liver (day 18) 49±6 0.94±0.27
Neonatal liver (day 1) 20±3 1.08+0.23
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TABLE - 17

Long term cultures. Statistically significant differences observed in the
average percentage of stroma and the average number of cells in the supernatant.
SOURCE Average percentage

of stroma
Average number of
cells

Experiment 1

Bone marrow and fetal
liver (day 15)

No significant
difference

P<0.001

Bone marrow and fetal
liver (day 18) PC0.01 PC0.001

Bone marrow and neo¬

natal liver (day 1) PC0.001 PC0.001

Bone marrow and neo¬

natal liver (day 10) P<0.001 P<0.01

Fetal liver (day 15) &
Fetal liver (day 18)

P<0.02 No significant
difference

Fetal liver (day 15) &
Neonatal liver (day 1)

P<0.001 No significant
difference

Fetal liver (day 15) &
Neonatal liver(day 10)

P<0.001 No significant
difference

Fetal liver (day 18) &
neonatal liver (dayl)

P<0.001 No significant
difference

Fetal liver (day 18) &
neonatal liver(day 10)

PC0.001 No significant
difference

Neonatal liver (day 1
and day 10)

PC0.001 No significant
difference

Experiment 2

Bone marrow and fetal
liver (day 15)

No significant
difference

No significant
difference

Bone marrow and fetal
liver (day 18)

P<0.05 No significant
difference

Bone marrow and neo¬

natal liver (day 1)
PC0.01 No significant

difference

Bone marrow and neo¬

natal liver (day 10)
P<0.001 No significant

difference

Fetal liver (day 15) &
fetal liver (day 18)

P<0.02 No significant
difference

Fetal liver (day 15) &
neonatal liver (day 1)

PC0.05 No significant
difference
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Source Average percentage
of stroma

Average number of
cells

Experiment 2 continued

Fetal liver (day 15) &
neonatal liver(day 10)

PC0.001 No significant
difference

Fetal liver (day 18) &
neonatal liver(day 1)

P<0.001 No significant
difference

Fetal liver (day 18) &
neonatal liver(day 10)

P<0.001 No_ significant
difference

Neonatal liver(day 1) &
neonatal liver(day 10)

P<0.001 No significant
difference

Experiment 3

Bone marrow and fetal
liver (day 15)

P<0.02 No significant
difference

Bone marrow and fetal
liver (day 18)

PC0.05 No significant
difference

Bone marrow and neo¬

natal liver (day 1)
No significant
difference

No significant
difference

Fetal liver (day 15) &
fetal liver (day 18)

No significant
difference

No significant
difference

Fetal liver (day 15) &
neonatal liver (day 1)

P<0.01 No significant
difference

Fetal liver (day 18) &
neonatal liver (day 1)

P<0.05
P<0.05

No significant
difference

Experiment 4

Bone marrow and fetal
liver (day 15)

No significant
difference

No significant
difference

Bone marrow and fetal
liver (day 18)

PC0.05 No significant
difference

Bone marrow and neo¬

natal liver (day 1)
P<0.02 No significant

difference

Fetal liver (day 15) &
fetal liver (day 18)

No significant
difference

No significant
difference

Fetal liver (day 15) &
neonatal liver (day 1)

P<0.01 No significant
difference

Fetal liver (day 18) &
neonatal liver (day 1)

PC0.01 No significant
difference
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Source Average percentage
of stroma

Average number of
cells

Bone Marrow

Bone marrow

(Experiment 1 and 2) P<0.01 PC0.02

Bone marrow

(Experiment 1 and 3) P<0.001 P<0.001

Bone marrow

(Experiment 1 and 4) PC0.001 P<0.001

Bone marrow

(Experiment 2 and 3) PC0.001 P<0.02

Bone marrow

(Experiment 2 and 4) P<0.05 P<0.01

Bone marrow

(Experiment 3 and 4) PC0.01
No significant
difference

Fetal Liver (day 15)

Fetal liver

(Experiment
(day 15)
1 and 2)

PC0.02" No significant
difference

Fetal liver

(Experiment
(day 15)
1 and 3)

P<0.001 No significant
difference

Fetal liver

(Experiment
(day 15)
1 and 4)

No significant
difference

No significant
difference

Fetal liver

(Experiment
(day 15)
2 and 3)

P<0.01 No significant
difference

Fetal liver

(Experiment
(day 15)
2 and 4)

No significant
difference

PC0.05

Fetal liver

(Experiment
(day 15)
3 and 4)

P<0.01 No significant
difference
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Source Average percentage
of stroma

Average number of
cells

Fetal Liver (day 18)

Fetal liver

(Experiment
(day 18)
1 and 2)

P<0.02 No significant
difference

Fetal liver

(Experiment
(day 18)
1 and 3)

PC0.02 P<0.05

Fetal liver

(Experiment
(day 18)
1 and 4)-

No significant
difference

P<0.05

Fetal liver

(Experiment
(day 18)
2 and 3)

PC0.001 P<0.01

Fetal liver

(Experiment
(day 18)
2 and 4)

No significant
difference

PC0.01

Fetal liver

(Experiment
(day 18)
3 and 4)

P<0.01 No significant
difference

Neonatal Liver (day 1)

Neonatal liver (day 1)
(Experiment 1 and 2)

P<0.01 No significant
difference

Neonatal liver (day 1)
(Experiment 1 and 3)

PC0.01 PC0.05

Neonatal liver (day 1)
(Experiment 1 and 4)

No significant
difference

PC0.02

Neonatal liver (day 1)
(Experiment 2 and 3)

P<0.001 P.01

Neonatal liver (day 1)
(Experiment 2 and 4)

P<0.02 P<0.01

Neonatal liver (day 1)
(Experiment 3 and 4)

No significant
difference

No significant
difference

Neonatal Liver (day 10)

Neonatal liver (day 10)
(Experiment 1 and 2) P<0.05 P<0.05
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GRAPH - 18

The proportion (%) of the floor of the flask occupied by a

stromal layer after various periods of incubation. Each

point represents the mean+SE of at least 10 fields from

each of 4 different flasks (1000 points). Cells from bone

marrow were set up in Fisher's medium supplemented with

fetal calf serum.
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GRAPH - 19

The number of cells in the supernatant after various

periods of incubation. Each point represents the mean

number of cells per ml in 4 different flasks. Cells from

bone marrow were set up in Fisher's medium supplemented

with fetal calf serum.
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GRAPH - 20

The proportion (%) of the floor of the flask occupied by
the stromal layer after various periods of incubation.
Each point represents the mean of at least 10 fields from
each of the 2 to 4 different flasks (500 to 1000 points).
Cells from bone marrow, fetal liver (day 15), fetal liver

(day 18) and neonatal liver (day 1) were set up in Fisher's
medium supplemented with fetal calf serum.
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GRAPH - 21

» • Bon* marrow

a o Fatal llvar (day15)

The number of the cells in the supernatant after various

periods of incubation- Each point represents the mean

number of cells per ml in 2 to 4 different flasks. Cells

from bone marrow, fetal liver (day 15), fetal liver (day

18) and neonatal liver (day 1) were set up in Fisher's

medium supplemented with fetal calf serum.
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GRAPH - 22

The average proportion (%) of the floor of the flask

occupied by a stromal layer up to 8 to 12 weeks of
incubation. Each point represents the mean of at least 10
fields from each of 2 to 12 different flasks (500 to 3000

points). Cells from bone marrow, fetal liver (day 15),
fetal liver (day 18) and neonatal liver (day 1 and 10)
were set up in Fisher's medium supplemented with horse
serum or fetal calf serum with hydrocortisone.
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GRAPH - 23

Ex pprimant- 1

E x p • r i m • n t - 3

The average number of cells in the supernatant up to 8 to
12 weeks of incubation. Each point represents the mean

number of cells per ml in at least 2 to 20 flasks in each

group, up to 8 to 12 weeks. Cells from bone marrow, fetal
liver (day 15), fetal liver (day 18) and neonatal liver

(day 1 and 10) were set up in Fisher's medium supplemented
with horse serum or fetal calf serum with hydrocortisone.
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GRAPH - 24

The average proportion (%) of the floor of the flask
occupied by a stromal layer up to 12 weeks of incubation-
Each point represents the mean of at least 10 fields from
each of 2 to 11 different flasks (500 to 2750 points), up

to 12 weeks. Cells from bone marrow, fetal liver (day 15
and day 18) and neonatal liver (day 1 and day 10) were set

up in Fisher's medium supplemented with horse serum or

fetal calf serum with no hydrocortisone.
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GRAPH - 25

I ■ a Exparlman»-2

□ o Exparimant-4

«■

2-

Oil I I I I
■ on* marrow Fatal livorFatal livarNaonatal Naonatal livar

(day15) (da y 1 8) llvar(da y 1) (day 10)

The average number of cells in the supernatant up to 12

weeks of incubation. Each point represents the mean number

of cells per ml of at least 16 flasks in each group. Cells

from bone marrow, fetal liver (day 15 and day 18) and neo¬

natal liver (day 1 and day 10) were set up in Fisher's

medium supplemented with horse serum or fetal calf serum

with no hydrocortisone.
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DISCUSSION

It was evident from the present study that bone

marrow has the maximum stroma forming capacity and

that it is more capable of maintaining haemopoiesis in

vitro than fetal liver or neonatal liver. Bone marrow

culture of Experiment 1 produced the maximum stroma (80%),

followed by Experiment 2 (56%), Experiment 3 (23%) and

Experiment 4 (47%). While the minimum stroma formed by

bone marrow culture of Experiment 1 was 34%, that of

Experiment 2 (26%), Experiment 3 (8%) and Experiment 4

(20%). The average percentage of stroma produced by bone

marrow cultures was 60% in Experiment 1, 43% in

Experiment 2, 15% in Experiment 3 and 32% in Experiment 4.

Similarly the highest number of the supernatant cells in

bone marrow culture of Experiment 1 was 7.6 XlO^cells/ml,
5.7 XlO^cells/ml in Experiment 2, 2.7 XlO^cells/ml in

Experiment 3 and 4.7 XlO^cells/ml in Experiment 4. The

lowest number of cells in the supernatant of bone marrow

culture was 3.2 XlO^cells/ml for Experiment 1, 1.2 X10^
cells/ml for Experiment 2, .22 x XlO^cells/ml for

Experiment 3 and .10 X10^cells/ml for Experiment 4. The

average number of cells in the supernatant for bone

marrow culture of Experiment 1 was (4.3 X10^cells/ml),
Experiment 2 (2.8 X1O^cells/ml), Experiment 3 (1-36 X10^

cells/ml) and Experiment 4 (.69 X1O^cells/ml).
The supernatant cells identified morphologically

were immature and mature granulocytes, macrophages for

Experiments 1 and 2 and only mature granulocytes and
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macrophages for Experiments 3 and 4. Generalised blast

cells were present only in Experiment 1. Stromal cells

identified were endothelial and epithelial cells,

fibroblast and macrophages, haemopoietic cells and fat

cells in Experiment 1. All these cells except fat cells

were also seen in Experiment 2. But no fat cells and

haemopoietic cells were present in Experiments 3 and 4

where only ephithelial cells, fibroblast like cells and

macrophages were seen.

These findings suggest that long term bone marrow

cultures in Fisher's medium supplemented with horse serum

with or without hydrocortisone are more favourable for

stromal growth and proliferation than that of cultures

with fetal calf serum with or without hydrocortisone. In

Experiment 1 plenty of fat cells and generalised blast

cells were seen but no such cells were seen in Experiment

2. This may be due to the absence of hydrocortisone.

However, in spite of presence of hydrocortisone in

Experiment 3, little stroma formed in culture flasks. So

it may be interpreted that fetal calf serum is not an idea

supportive medium for long term cultures of stromal cells

growth and proliferation. Our findings are consistent

with the works done by Tavassoli (1984) who also found a

component of stromal layer was fat containing cells that

was particularly dominant when the cultures were grown in

presence of hydrocortisone. Fat cells can be utilised as

a source of energy in a rapidly proliferating cell system

which has also got certain stimulatory function in

supporting haemopoiesis. Presence of fibroblasts in all
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the cultures suggest that they may be responsible for the

transfer of properties of the microenvironment of bone

marrow. This also coincides with the finding of

Friedenstein et al (1976).

In cultures of fetal liver day 15 and day 18 the

results were less significant than that of bone marrow

culture. The maximum stromal percentage in fetal liver

(day 15) culture of Experiment 1 was 61%, that of

Experiment 2 (58%), Experiment 3 (43%) and Experiment 4

(62%). The minimum stromal growth was 36% for

Experiment 1, 24% for Experiment 2, 14% for Experiment 3

and 19% for Experiment 4. The average percentage of

stroma for these Experiments were 51%, 40%, 25% and 41%

respectively. The coulter count of the supernatant

showed highest number of cells in fetal liver cultures

(day 15) of Experiment 1 was 3-0 X1O^cells/ml, that of

Experiment 2 (6.5 X1O^cells/ml), Experiment 3 (7-9 X10^
cells/ml) and Experiment 4 (4.2 XlO^cells/ml). The lowest

number of cells in the supernatant were .97 XlO^cells/ml
for Experiment 1, .28 XlO^cells/ml for Experiment 2,

.15 X10^cells/ml for Experiment 3 and .16 X 10^cells/ml
for Experiment 4. The average number of supernatant

cells was 1.64 X10^cells/ml for Experiment 1, 2.34 X10^
cells/ml in Experiment 2, 2.04 XlO^cells/ml in

Experiment 3 and .87 XlO^cells/ml in Experiment 4.

The supernatant cells were immature and mature

granulocytes, macrophages and erythroblasts in

Experiment 1, immature, mature granulocytes and

macrophages in Experiments 2, 3 and 4. Cells in the

adherent layer were identified as endothelial, epithelial
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cells, granulocytes, fibroblasts, macrophages and few

megakaryocytes with no fat cells in Experiments 1, 2, 3

and 4.

The maximal stromal percentage in fetal liver

(day 18) cultures were 54% for Experiment 1, 82% for

Experiment 2, 44% for Experiment 3 and 75% for Experiment

4, while the minimum stromal growths were 17% for

Experiment 1, 41% for Experiment 2, 9% for Experiment 3

and 18% for Experiment 4. The average stromal percentage

for these cultures were 40%, 56%, 25% and 49% respectively

for Experiments 1, 2, 3 and 4. The maximum cell count of

the supernatant was 2.8 X 105cells/ml for Experiment 1,

5.2 XlO^cells/ml for Experiment 2, 2.3 XlO^cells/ml for

Experiment 3 and 2.8 X1CPcells/ml for Experiment 4. The

minimum cell counts were .74 X105cells/ml for Experiment 1

1.2 XlO^cells/ml for Experiment 2, .22 XlO^cells/ml for

Experiment 3 and .12 XlO^cells/ml for Experiment 4. The

average percentages of cell count were (1.7 X10^, 2.58 X10

-90 X10^, .94 X1O^cells/ml) for Experiments 1, 2, 3 and 4.

respectively.

The supernatant cells were identified as immature

and mature granulocytes, macrophages in Experiments 1, 2,

and 3 (including some erythroblasts in Experiment 1), but

Experiment 4 consisted only of macrophages. The stromal

adherent layer showed endothelial, epithelial cells,

granulocytes, fibroblasts and macrophages but no fat cells

in Experiments 1, 2, 3 and 4.

It was observed that in all the fetal liver cultures

(day 15 and 18) the stromal growth and proliferation was

less significantly than bone marrow culture but more than
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neonatal culture (day 1 and 10). Moreover most of the

stromal adherent layer cells were epithelial, endothelial,

fibroblast and macrophages but all were devoid of fat

cells. The supernatant cells were mostly immature and

mature granulocytes, macrophages with few erythroblasts

in Experiment 1 of both day 15 and day 18 cultures. We

know that liver is critical to blood formation in fetal

life. Although haemopoiesis in fetal liver is restricted

to erythroid series but when fetal liver was cultured

under conditions established for the maintenance of long

term culture a switch to granulopoiesis was observed

(Cappellini et al, 1984). They observed that erythroid

cells declined rapidly and immature granulocytes appear

rapidly within 1-2 weeks, after that granulocytes at all

stages of development were attained but they noticed

notable exception that even in the presence of hydro¬

cortisone fat cells were rarely seen. This coincides

with our findings of the present work.

Garland and Dexter (1980) also found that fetal

liver was a good source for long term culture of

macrophage like cells. Fat cells can be induced in

liver culture but macrophage production in foetal liver

did not appear to be dependent on them. Fat cells were

usually absent except when small tissue fragments remain.

Their cultures also produced granulocytes and macrophages.

We also did not see any fat cells in our fetal liver

culture and the supernatant cells were granulocytes and

macrophages.

Both the percentage of stroma and the cell count of
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the supernatant were less marked in the neonatal liver

(day 1 and 10) cultures in comparison to that of bone

marrow and fetal liver (day 15 and 18) cultures. The

maximum stromal percentage seen in Experiments 1, 2, 3

and 4 of neonatal liver (day 1) cultures were 26%, 42%.

23% and 19%, while that of Experiments 1 and 2 of

neonatal culture (day 10) were 21% and 26% respectively.

The minimum stromal percentage for these experiments

were 19%, 19%, 4%, and 5% for neonatal (day 1) culture

and 3% and 9% for neonatal (day 10) culture. The average

stromal percentage for Experiments 1, 2, 3 and 4 of

neonatal liver (day 1) culture were 22%, 30%, 14% and

20% respectively and that of Experiments 1 and 2 of

neonatal culture (day 10) were 9% and 16%. The maximum

cell count of the supernatant was 4.8 XlO^cells/ml for

Experiment 1, 3.8 X10-'cells/ml for Experiment 2, 2.7 X10^
cells/ml for Experiment 3 and 3.0 XlO^cells/ml for

Experiment 4 of neonatal liver (day 1). The same for

neonatal (day 10) culture were 6.0 XlO^cells/ml for

Experiment 1 and 12.5 X10^for Experiment 2. The minimum

celloounts seen in Experiments 1, 2, 3 and 4 of neonatal

liver (day 1) culture were .98 X10^cells/ml, 1.1 X10^

cells/ml, .10 X10^cells/ml and .31 X1 O-'cells/ml respect¬

ively: for neonatal liver (day 10) cultures the same

values were .30 X1O^cells/ml and 1.1 XlO^cells/ml

respectively. The average numbers of supernatant cells

were 1.98 X10^cells/ml for Experiment 1, 2.16 X10^cells/ml
for Experiment 2, 1.0 X10 cells/ml for Experiment 3 and

1.08 XlO^cells/ml for Experiment 4 of neonatal liver

(day 1) culture, while that for neonatal culture (day 10)

were 2.31 X10^cells/ml for Experiment 1 and 2.13 X10^
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cells/ml for Experiment 2.

The supernatant cells identified were immature and

mature granulocytes and macrophages for Experiments 1

and 2; mature granulocytes and macrophages for Experiments

3 and 4 of neonatal liver (day 1) culture. The neonatal

culture (day 10) Experiments 1 and 2 revealed only

macrophages but no mature and immature granulocytes. .

The stromal cells in the adherent layer were identified

as endothelial and epithelial cells, fibroblasts and

macrophages in all the experiments of neonatal culture

(day 1 and day 10) with no fat cells. Some granulocytes

were seen in Experiment 1 of neonatal (day 1) and few

megakaryocytes in Experiment 2 in the same culture.

It is wellknown that although the liver is the

predominant haemopoietic organ in the fetus but it ceases

its activity after birth where the haemopoiesis is confined

to bone marrow and axial skeleton. However, when there

is extra stress or there is regeneration of liver it may

stimulate haemopoietic activity again. So it is obvious

that in long term culture under appropriate condition the

stroma forming capacity and cellular proliferation was

least marked in neonatal liver cultures. Our findings

corroborate with the findings of other research workers

(Pfrimmer et al, 1978; Adler and Trobaugh, 1975, Testa

and Hendry, 1975) who also noticed hepatic haemopoiesis

only after appropriate stress conditions.

In adult liver culture no stromal growth was seen

in Experiments 1, 2, 3 and 4. It is established that

adult liver has no capacity for haemopoiesis unless there

is increased demand, stress or regeneration and for that
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under suitable conditions stroma did not grow in our

long term cultures. Adler and Trobaugh (1978) reported

from their work that normal liver of adult mice cannot

support detectable amount of CFU-S proliferation even in

mice subjected to severe stress and even if the liver were

reseeded with CFU-S.

Methocel induced haemopoietic liver also showed no

growth of stroma in Experiments 2, 3 and 4. But in

Experiment 1, stroma was seen growing after the fourth

week and lots of cell debris was present up to week 3.

The stromal adherent layer showed epithelial cells,

macrophages and the supernatant only revealed macrophages.

The liver section showed scattered haematopoietic foci in

the liver and Kupffer cells with phagocytosed material.

The spleen sections revealed extensive phagocytosis in

the red pulp and megakaryocytes were PAS positive. The

stroma found in Experiment 1, scattered haemopoietic

foci in liver, megakaryopoiesis in spleen with methocel

laden macrophages indicated that hepatic haemopoietic

foci may develop in mice after methocel injections which

were a response to an increased demand for blood cells.

This finding is similar to that of Pfrimmer et al, 1978.

However theU<*,^growth of stroma in Experiments 2, 3 and

4 may be due to the fact that cell debris hampered the

stromal growth or horse serum may be a more suitable

media than fetal calf serum which were used in these

experiments. Moreover, if the mice used in the

experiment were irradiated or splenetomised the results

may be different.
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In radiation induced haemopoietic liver only-

Experiment 1 was done and in culture flasks it showed

lots of cell debris up to week 9 and no stromal growth

was seen.Inonly one flask little stroma was observed.

The cells in the adherent layer were identified as

epithelial cells and macrophages. Song and Quesenberry

( 1984) also found two types_ of murine marrow adherent

cells from Dexter cultures after exposure to radiation.

One macrophage like cells, the other epithelioid in

appearance. Although previously Knospe et al (1966)

showed microenvironment of bone marrow was resistant to

irradiation but some other studies afterwards showed that

the haemopoietic cells were radiosensitive and the stromal

cells were radioresistant. This may be the possible

explanation of our result.

In chick fetus the stroma forming capacity of bone

marrow was more than that of fetal liver (day 15) culture.

The maximal stromal percentage was 99% in bone marrow

culture, and in chick liver culture that was 40% for

Experiment 1, 18% for Experiment 2, 30% for Experiment 4.

The minimum stroma was 16% in bone marrow and 10%, 6%

and 10% for Experiments 1, 2 and 4 of chick fetal liver

culture. The average stromal percentage was about 60%

in bone marrow, 23% in Experiment 1, 12% in Experiment 2

and 15% for Experiment 4 of chick fetal liver culture.

In chick liver culture of Experiment 3 little stroma was

seen in 4 flasks & no stromal growth was seen in other

flasks and the stromal percentage was about 5%.

In the supernatant the maximal cell count was
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(2.5 X1 CPcells/ml) for bone marrow culture and for fetal

liver culture that was 7.8 X10^cells/ml for Experiment 1,

10.0 X1O^cells/ml for Experiments 2 and 4. The minimum

cell count was .97 XlO^cells/ml for bone marrow, .93 X10^
cells/ml for Experiment 1, .53 X10-^cells/ml for Experiment

2, 1.1 XlO^cells/ml for Experiment 4 of chick fetal liver

culture. The average number of cells in the supernatant

was (2.1+0.29 X1O^cells/ml) for bone marrow, while for

fetal liver culture that was (4.43+0.75 X1O^cells/ml) for

Experiment 1, 4.65 XlO^cells/ml for Experiment 2 and

4.6 XlO^cells/ml for Experiment 4. The supernatant of

Experiment 3 of fetal liver culture revealed only cell

debris.

The cells in the supernatant were macrophages for

bone marrow and fetal liver culture. SEM revealed stromal

cells of different morphology.

Haemopoietically active long term marrow cultures

from several species have been investigated thoroughly by

Allen (1981). He found haemopoietic products of culture

includes granulocytes, mast cells, monocytes, megakaryocytes

and all stages of erythroid series. Plasmacytes and

occasional lymphocytes have also been observed in human

culture. The stromal adherent layer included endothelial

cells, reticular cells, fat cells and fibroblasts. The

adherent layers are responsible for inductive micro-

environment within the cultures. In granulocyte culture

there is close association between fat cells and granul¬

ocyte precursors. Endothelial cell monolayers cover

large regions of this culture. A possible pathway of

intercellular connection between differentiating
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haemopoietic cells and the stromal cells in their micro-

rue for our

roblasts

fibroblasts

for main-

Zipori et al

the bone

contributing

od forming

and human

o be essential

nd in vivo,

from mouse

marrow produce a colony stimulating factor (CSF), such a

factor could not be detected in human bone marrow fibro¬

blasts. Enzan et al (1980) also suggested that fibroblastic

transformation of mesenchymal cells appeared to be related

to the maturation of immature granulocytic cells. In our

work we also noticed fibroblast growth and proliferation

in cultures where there was more stroma formation and

haemopoiesis.

In long term cultures of bone marrow, fetal liver,

neonatal liver, methocel induced and radiation induced

haemopoietic liver it is clear from the present study that

where there is more haemopoiesis there is more stroma

formation. Stromal growth and proliferation depends on

haemopoiesis. It is evident that under normal culture

conditions horse serum supplemented with hydrocortisone

environment is suggested. This is possibly t

work and its variable results.

Many workers emphasised the role of fib

in haemopoiesis. Nu et al (1983) stated that

producing colonies are considered responsible

taining the supportive haemopoietic stroma.

(1985) observed that fibroblastoid cells from

marrow are presumably part of cell population

the specific in vivo microenvironments of bio

organs. Adherent cell population from mouse

bone marrow, which contain such cells, seem t

for the regulation of haemopoiesis in vitro a

Although there is evidence that stromal cells
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is more favourable for long term stromal growth and

haemopoiesis than that of fetal calf serum. Cell debris

may hamper the stromal growth.

The present discussion may be wound up with some

new concepts about haemopoiesis. Islam et al (1986)

postulated in a recent study that in the bone marrow there

exists a category of cells capable of giving rise to

stromal as well as to various haemopoietic cells. They

believe that fibroblast like cells grown in monolayer

cultures from human and rodent marrow are derived from

such progenitor cells which look like fibroblasts but

when given the favourable conditions are able to change

or transform into cells of haemopoietic potential. In

the light of our present study and the above recent

concept more extensive research may be carried out with

the cells from bone marrow, fetal liver and neonatal

liver to evaluate these possibilities.
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PHOTOMICROGRAPH - I

Bone marrow culture flask in week 12, incubated in Fisher's

medium supplemented with horse serum and hydrocortisone.

Numerous immature granulocytes, mature granulocytes and

fat cells are present.

Jenner Giemsa stain. -

Total magnification X134.

PHOTOMICROGRAPH - II

Fetal liver (day 15) culture flask in week 12, incubated

in Fisher's medium supplemented horse serum and hydro¬

cortisone. No fat cells are present.

Jenner Giemsa stain.

Total magnification X134.
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PHOTOMICROGRAPH.--III.

Fetal liver (day 15) culture flask in week 11, incubated

in Fisher's medium supplemented with horse serum and

hydrocortisone. Macrophage like acid phosphatase

positive cells. ( »)

Acid phosphatase stain.

Total magnification X134.

PHOTOMICROGRAPH - IV

Neonatal liver (day 1) culture flask in week 11,

incubated in Fisher's medium supplemented with horse

serum and hydrocortisone. Fibroblast like alkaline

phosphatase positive cells ( *) .

Alkaline phosphatase stain.

Total magnification X134.



 



128

PHOTOMICROGRAPH - V

Bone marrow culture flask in week 7, incubated in Fisher's

medium supplemented with horse serum and hydrocortisone.

Numerous immature granulocytes (labelled), mature

granulocytes and fat cells.

Autoradiograph + Jenner Giemsa stain.

Total magnification X538.

PHOTOMICROGRAPH - VI

Neonatal liver (day 1) culture flask in week 7, incubated

in Fisher's medium supplemented with horse serum and

hydrocortisone. Numerous labelled stromal cells.

Autoradiograph + Jenner Giemsa stain.

Total magnification X134.
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PHOTOMICROGRAPH -.VII

Chicken fetal liver (day 15) culture flask in week 7,

incubated in Fisher's medium supplemented with horse

serum and hydrocortisone. Numerous labelled stromal

cells.

Autoradiograph + Jenner Giemsa stain.

Total magnification X134.
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PHOTOMICROGRAPH - VIII

Methylcellulose induced haemopoietic cells in liver.

Immature and mature granulocytes are present.

(P - promyelocyte, M - myelocyte, ME - metamyelocytes)

Autoradiograph + Jenner Giemsa stain.

Total magnification X13^4.
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PHOTOMICROGRAPH - IX

Methylcellulose induced haemopoiesis in the liver.

Kuffer cells with phagocytosed material (■—►).

Haematoxylin and Eosin stain.

Total magnification X430.

PHOTOMICROGRAPH - X

Methylcellulose accumulation in the spleen.

Megakaryocytes are PAS positive ( »).

PAS stain.

Total magnification X430.
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PHOTOMICROGRAPH - XI

Fetal liver (day 15) culture flask in week 5, incubated

in Fisher's medium supplemented with horse serum and hydro¬

cortisone. Stromal cells are obscured by haemopoietic

cells at this focal plane.

Total magnification X600.
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PHOTOMICROGRAPH - XII

Chicken fetal liver (day 15) culture flask in week 9

incubated in Fisher's medium supplemented with fetal

calf serum. Stromal cells are growing at the bottom

the flask.

Total magnification X600.



 



13^

SCANNING ELECTRON MICROGRAPH - XIII

Bone marrow culture flask in week 3, incubated in

Fisher's medium supplemented with horse serum and

hydrocortisone. Flat endothelial cells at the bottom

(E), numerous granulocytes (G) and fat cells (F) are

present.
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SCANNING ELECTRON MICROGRAPH - XIV

Bone marrow culture flask in week 3, incubated in Fisher'

medium supplemented with horse serum and hydrocortisone.

Numerous granulocytes (G) are in relation to fat cells (F
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SCANNING ELECTRON MICROGRAPH - XV

Bone marrow culture flask in week 3, incubated in

Fisher's medium supplemented with horse serum and

hydrocortisone. Fat cell with fat accumulation (F)

and fibroblast like cells with fat accumulation (Fi),

numerous endothelial cells (E) and granulocytes (G)

are present.
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SCANNING ELECTRON MICROGRAPH - XVI

Neonatal liver (day 1) culture flask in week 6,

incubated in Fisher's medium supplemented with horse

serum. Different types of cell forming the stromal

layer. Fibroblasts (F), Macrophage (M), Epithelial

cells (E) and Granulocytes (G).
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Glossary of Abbreviations

BFU-E = Burst forming unit, erythroid

CFU-BL = Colony forming unit, B lymphocytes

CFU-E = Colony forming unit, erythroid

CFU-EO = Colony forming unit, eosinophil

CFU-M = Colony forming unit, Megakaryocytes

CFU-S = Colony forming unit, Spleen

CFU-TL = Colony forming unit, T lymphocytes

EM = Electron Microscopy

ERC = Erythropoietin responsive cell

Expt. = Experiment

HS = Haemopoietic Stroma

HSC = Haemopoietic Stem cell

HS-P = Haemopoietic microenvironmental factor

PAS = Periodic Acid Schiff stain

PBS = Phosphate buffer saline

pH = Hydrogen ion concentration

Pre-ERC = Pre erythropoietin responsive cell

SEM = Scanning Electron Microscopy

TEM = Transmission Electron Microscopy
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