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NUMMARY

I# The components of the reticuloendothelial system

in the mouse liver consist of Kupffer cells and their

monocytic precursors# In the present experimental

situations, perisinusoids!, cells (fat-storing cells of

Ito) were not phagocytic and endothelial cells in the

liver sinusoids exhibited limited endocytic activity#

In the mouse spleen, the reticulo-endothelial system is

represented by macrophages in the cords of Billroth and

in the marginal sinuses and by tingible-body macrophages

in the white pulp. Splenic sinus endothelium and reti¬

cular cells in the red and white pulp did not show

specialised phagocytic activity#

2# When injected intravenously, emulsions of ethyl

palmitate and cholesterol oleate induced reticulo¬

endothelial blockade# depression of the clearance rates

of colloidal carbon and radio-labelled sheep erythrocytes

resulted from prior treatment with either of these lipids

and was associated with prolonged survival of sheep

erythrocytes in the circulation and re-distribution of

the particles in the tissues# Under physiological

conditions, localisation of these test particles was

mainly in the liver# In conditions of blockade, hepatic

localisation was reduced, but the pattern of extra-

hepatic localisation depended on which lipid was used#

Gholesterol oleate treatment resulted in greatly

enhanced localisation of particles in the spleen and

increased localisation in the lungs and bone marrow#

ilthyl/
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mthyl paliaitate treatment resulted in reduced localis¬

ation in the spleen, as a consequence of the necrosis

of the splenic red pulp caused by this lipid; pulmonary

and bone marrow localisation in this situation exceeded

that in cholesterol oleate treated mice.

3. Different mechanisms are involved in the genesis of

blockade due to these two lipids, Sthyl palmitate

seems to derive its effect mainly from its cytotoxicity,

which was demonstrated in cultures of peritoneal cells.

This cytotoxic effect can explain the observed damage

to hepatic littoral cells and the splenic necrosis.

Cholesterol oleate did not induce severe cell damage,

either in vivo or in vitro. On the other hand, depressed

plasma membrane activities and delayed phagocytosis of

opsonised erythrocytes were demonstrated in cultures of

peritoneal macrophages exposed to this lipid. The

depressed phagocytic activity of the reticulo¬

endothelial system can be explained by the occurrence

of similar functional changes in liver and splenic

macrophages. Substantial hypertrophy of nupffer cells

was induced by cholesterol oleate treatment; consequent

reduction in liver blood flow might have reduced hepatic

uptake of particles and increased extra-hepatic

localisation of particles. The increased splenic

localisation of particles in this situation, in which

diminished phagocytic activity of splenic macrophages

is inferred, suggests that enhancement of a non-

phagocytic splenic trapping mechanism may occur in

conditions/
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conditions of reticulo-endotheHal blockade•

4* In addition to the enhancement of a postulated

splenic trapping mechanism, pulmonary sequestration and

bone marrow uptake of particles wore encouraged and

endothelial endocytosis seemed to be enhanced in

conditions of blockade, fhese and other possible

clearance factors are not known to behave according to

the kinetic laws -feat govern the kinetics of clearance

by macrophages in the liver - -fee main clearance mechanism

under physiological conditions# It follows that clearance

data in different experimental situations are not strictly

comparable and at best serve only as a rough guide to

the functional state of the roticulo-endothelial system

as a whole*

5* recovery from blockade due to ethyl pa Imitate was

associated with regeneration of the spleen and the;

re-appearance of active kupffer cells in the liver*

An influx of monocytes proceeded the re-acquisition of

normal phagocytic activity in the liver, in keeping with

the current concept that tissue macrophages are derived

from circulating monocytes*

After treatment with cholesterol oleate, spleno¬

megaly occurred* An intravenous pulse of tritiated

thymidine revealed that there was an increase in the

uptake of tritiated thymidine by the spleen one day

before the cell count increased, two to three days after

the lipid treabnent* fhis and later increases in the

uptake of the radio-label by the spleen were paralleled

by/
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by increased uptake by the bone marrow. Autoradio¬

graphic examination showed that the labelled cells were

located almost entirely in the red pulp of the spleen

and in the hepatic sinusoids, in keeping with the

distribution of macrophages in these organs. These

findings suggest that proliferation of resident cells

in the spleen might have occurred, but much of the cell

increase in the spleen and liver can be explained by an

influx of monocytes derived from the bone marrow.

Recovery from blockade due to cholesterol oleate can,

therefore, be related to the mobilisation of a new

population of macrophages.

6. Intravenous injection of tricaprin emulsion seemed

to result in stimulation of the reticulo-endothelial

system. There was increased uptake of colloidal carbon

by Kupffer cells. Peritoneal macrophages exposed to

this lipid showed stimulation of several plasma membrane

activities and phagocytosis of opsonised erythrocytes

by these cells was rapid and efficient in vitro.

Apparently contradictory evidence was provided by

clearance tests and distribution studies using radio-

labelled sheep erythrocytes. This evidence suggests

that, in some mice, tricaprin might even have induced

reticulo-endothelial blockade. Strain variation is a

possible explanation for these discordant results. On

the other hand, it is possible to infer from the clear¬

ance data that tricaprin reduced the liver blood flow,

perhaps as a result of Kupffer cell hypertrophy. Such

a/
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a reduction might "be expected to depress the hepatic

localisation of erythrocytes more than that of colloidal

carbon, because of the much larger size of erythrocytes#

7# An immuno-cytoadherence technique, identifying antigen

binding cells (rosette-for;ling cells), provided a sensitive

measure of the cellular immune response in the spleen and

lymph nodes of lipid treated mice injected intravenously

with different doses of sheep erythrocytes# With the

larger dose of antigen, there was enhancement of the

splenic immune response in mice treated with tricaprin#

Depression of the immune response in the spleen occurred

in mice treated with cholesterol oleate# Jiiven greater

depression occurred in mice treated with ethyl palmitate,

but in this situation, there was an increased response

in lymph nodes, that was not associated with the

localisation of increased amounts of antigen in the

lymph nodes; traffic of bone marrow derived rosette-

forming lymphocytes to the nodes is a possible explanation

for this finding# In general, the findings with the

larger dose of antigen correlate well with the hypothesis

that stimulation and depression of the phagocytic

activity of the reticuloendothelial system directly

influence immune induction to produce analogous changes

in the immune responses#

8# When the smaller dose of antigen was used, some

paradoxes became apparent. The immune response in

cholesterol oleate treated mice was larger for most of

the period of observation after the smaller dose of

antigen/
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antigen than after the 3a rger dose; the early part of

the immune response, in previously untreated mice, was

larger after the smaller dose than after the larger

dose. In tricaprin treated and ethyl palmitate treated

mice, the immune responses were more directly related

to the dose of antigen administered. As a generalisation „

the immune responses in untreated and lipid treated mice

do not correlate well with the amounts of antigen

localised in the spleen. Consequently, the operation

of factors other than splenic localisation of antigen

can he inferred. Splenic necrosis was clearly a major

factor depressing the immune response in ethyl palmitate

treated mice. An important possibility in untreated and

tricaprin treated mice was the comparative efficiency

of antigen handling by macrophages in -t&e spleen.

Variables that may be of importance, but that have been

little investigated in the present type of experiments,

are the influence of populations of new macrophages,

physiological inhibitory influences and the traffic of

antigen-binding lymphocytes.

9 The apparently paradoxical immune responses in

cholesterol oleate treated mice given different doses of

antigen suggests an important possibility. This derives

from the very large amounts of antigen localised in the

spleen which right have a tolerogenic effect. If it

were to he shown that specific tolerance was not a major

factor in this experimental situation, then the findings

in cholesterol oleate treated mice would provide strong

evidence/
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evidence favouring the hypothesis that macrophages play

a direct role in immune induction* Meanwhile, different

interpretations can be put upon the findings in that

experimental situation*



OHa.RTER I

INTRODUCTION AND THE SCOPE OF

THB 3TUDI&3



INTRODUCTION

During the latter half of the nineteenth century,

numerous studies established the existence of phagocytes

in invertebrates and vertebrates, including mammals#

Mammalian phagocytes were shown to be capable of ingesting

extravasated blood, effete polymorphonuclear leucocytes,

bacteria, fungal spores and injected pigments such as

vermilion and carmine (Hoffman and Recklinghausen, 18671

Ponfick, 1869; Langhans, 1870; Bizzozero, 1871, 1872;

Panum, 1874; vVyssokovitch, 1886).

On the basis of his extensive studies, (Metchnikoff,

1892, 1905), classified phagocytes into macrophages and

microphages corresponding to mononuclear phagocytes and

polymorphonuclear leucocytes. He demonstrated that both

of these cell types were capable of ingesting, killing and

digesting micro-organisms in vivo and that this capability

was directly related to resistance to infection. He

described the role of macrophages in the removal of dead

tissue in the intact animal and. recognised that macrophages

in lymphoid organs and in connective tissues were closely

related in the form of a macrophage system.

The concept of a system of phagocytic cells was

further developed by the studies of Goldmann (1909), Landau

and McNee (1914), Kiyono (1920) and Aschoff (1924).

Landau and McNee (1914) termed the group of cells that

seemed to play an important part in cholesterol metabolism

1Milzapparat' or *endothelialen Stoffwechselapparat*•

Goldmann (1909) made an extensive study of the

distribution/



distribution of vital dyes injected into the mouse

and vital dyes were later used by Aschoff (1924) in

the studies that led to his defining the system of

phagocytes that he termed the ,Reticulo-endothelial

System*. Aschoff*s approach was essentially function¬

al and he was little concerned with the heterogeneity

of the cell types included in the reticuloendothelial

system. Nevertheless, he did exclude certain facult¬

ative phagocytes, such as orthodox endothelium and

fibrocytes, on account of their low phagocytic act¬

ivity.

The reticulo-endothelial system, according to

Aschoff, included the following cells.

1. Reticulum cells of the pulp cords of the spleen,

cortical nodules and pulp cords of lymph nodes and

other lymphatic tissues.

2. Reticulo-endothelium of splenic and lymph node

sinuses and of sinusoids in the liver, bone marrow,

adrenal cortex and anterior pituitary.

3. Histiocytes in the connective tissues.

4. Splenic and blood monocytes.

Kiyono (1920), who had studied vital staining

techniques in Aschoff*s laboratory, used these methods

to define what he termed the 'Histiocytic Cell System*.

He recognised the existence of mesenchymal cell groups

with marked phagocytic activities widely distributed

in the animal body. He grouped these cells into the

following classes.

I. Histiocytes./
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1. Histiocytes.

2. Reticulo-endothelium.

According to Kiyono, histiocytes were defined as

cells, either free or fixed in the connective tissues,

with migratory and phagocytic properties. Cells of

the reticulo-endothelium were detected mainly in the

blood forming organs and anastomosed with one another

by means of protoplasmic processes. Reticulo-endo-

thelial cells were thought to convert to histiocytes

by becoming isolated from the syncitium and then

assuming migratory properties. Kiyono*s reticulo-

endothelium included both reticulum cells and reticulo¬

endothelial cells, as defined by Aschoff. According

to Kiyono, both reticulum cells and reticulo-endothel-

ial cells were similar in their embryological deriva¬

tion. Monocytes were thought by Kiyono and Aschoff to

be derived from reticulum cells or reticulo-endothelial

cells. some of these views were challenged by AlcazaKi

(1952) who considered that histiocytes and reticulum

cells differed in their embryological derivation and

were different cell lines.

Maximow (1927) criticised the use of the term

reticulo-endothelium and commented that true vascular

endothelium differed from both histiocytes and retic¬

ulum cells. Nevertheless, as recently as 1967 the

separate character of the endothelium lining liver

sinusoids and Kupffer cells has been denied (Nicolescu

and Rouiller, 1967)* Thomas (194-9) also objected to

the/



—4.»

the term reticulo-endothelial system and. preferred the

term 'Reticulo-Histiocytic System'. He considered that

the histiocytic state was not confined to histiocytes,

but that it could also be adopted by smooth muscle cells,

Schwann cells, bone cells and epithelial cells.

In recent years many workers have considered that

neither Aschoff's nor Thomas's concepts provide satis¬

factory bases for incorporating recent discoveries con¬

cerning the origin and turnover of blood monocytes and

tissue macrophages. A reappraisal of the situation in

the light of these developments prompted Langevoort et

al. (1970) and van Furth et al. (1972) to propose that

all highly phagocytic mononuclear cells and their pre¬

cursors be placed in one system and that other facult¬

ative phagocytes be excluded. They proposed the term

'Mononuclear Phagocyte System' for this system.

The proposed mononuclear phagocyte system comprises

a group of cells with similar morphology, function and

origin. According to these criteria, the system is

defined as follows:

Promonocyte (Bone marrow)

Monocyte (Blood)

Macrophage (Tissues)
(Highly phagocytic)

The various populations of macrophages include:
Connective tissues - Histiocytes
Liver - Kupffer cells
Lungs - Alveolar macrophages
Spleen - Free and fixed macrophages
lymph nodes- Free and fixed macrophages
Bone marrow - Macrophages
Serous/



Serous cavities - Macrophages
Bone tissue - Osteoclasts
Nervous system - Microglial cells

Giant cells and epithelioid cells in inflammatory re¬

actions were included, but reticular cells were excluded

because they are not highly phagocytic, do not partici¬

pate in immune ph igocytosis and may lack receptors for

immunoglobulins. The dendritic cells in lymphoid folli¬

cles were excluded even though they are reputed to

retain antigens in vivo. All endothelial cells were

excluded because they are not derived from the bone

marrow. These workers recognised that new knowledge

might necessitate the addition or removal of certain
■

cells from the system, but they believed that it pro¬

vided a more coherent concept than either the reticulo¬

endothelial or reticulo-hi3tiocytic systems.

In the present thesis, the term-reticulo-endothelial

system and its abbreviation RJ3S have been retained, but

only because of their long usage and because the present

studies were initiated before the introduction of the

term - mononuclear phagocytic system.

After the classical studies of Cappell (1929) which

defined the distribution of phagocytes in great detail

using not only vital dyes, but also particulate material

such as finely divided carbon, little work was done in

this connection until the introduction of reliable methods

for quantitating the phagocytic activity of the HgS. The

best known method, using a specially prepared form of

colloidal carbon, free from toxic shellac that is present

in/



in most commercial India inks, was introduced by Biozzi

et al.(I953» 1954, 1957a). Several other particulate

agents have also been extensively employed in the invest¬

igation of the phagocytic activity of the RES. These

colloidal preparations include: Saccharated iron oxide,

heat aggregated serum proteins, RE-fcest lipid emulsion,

colloidal gold, colloidal chromic phosphate, fluorescent

methyl methacrylate particles and polystyrene latex

particles. (Benacerraf et al. 1954, 1955» 1957 a,b;

DiLuzio and Riggi, 1964; Zilversmit et al. 1952; Haugen

et al. 1969; Dobson, 1957? Neukomm et al. I957i Juhlin,

1958; Singer et al. 1969).

These tests have found a place in the study of the

role of the RE3 in lipid metabolism, tumour growth,

shock and a variety of types of immunological reactions,

and have been extensively used in the study of experi¬

mental depression (blockade) and stimulation of phago¬

cytosis by the RES (Stuart, 1970). In the context of

the present thesis, the use of these tests in the invest¬

igations of the effects of certain simple lipid prep¬

arations on the phagocytic activity of the RES is of

particular concern.

These tests have established that certain simple

lipid preparations have the property of inducing sub¬

stantial blockade of the RES when they are injected

intravenously. Examples include: Ethyl stearate, methyl

palmitate, ethyl palmitate and cholesterol oleate, to

name those that have been used most often (Stuart, I960,

1962 a,b,/



1962 a,b 1963; Biozzi et al. 1963 a; Stuart and

Davidson, 1963; Stuart et al. I960 a,b; Wooles and

DiLuzio, 1963; Blickens and DiLuzio, 1965 a; DiLuzio

and Blickens, 1966; Prosnitz et al. 1969). Other

simple lipids such as the triglycerides, triolein,

tricaprin and 2-oleo-distearin have the converse effect

of stimulating phagocytosis by the HS3 (Stuart et al.

I960 a; Oooper and Stuart, 1962; Stuart and Cooper,

1962; Stuart and Cooper, 1963; Cooper, 1964).

Knowledge of the mode of action of these simple

lipids at a cellular level is, as yet, fragmentary. The

results of several studies in vivo suggest that alkyl

esters may exert their effects by virtue of a toxic

effect on macrophages. Sthyl palmitate is known to

induce splenic necrosis that mainly affects the red

pulp. (Stuart, I960, 1962; Prosnitz et al. 1969)» but

evidence of a toxic effect on other populations of macro¬

phages is lacking. Methyl palmitate does not usually

induce cell death or other signs of cell damage in the

R33 when it is injected in amounts usually used to achieve
|

blockade, but when injected in very large doses, splenic

necrosis is induced (DiLuzio, personal communication).

Treatment with ethyl stearate or methyl palmitate or a

mixture of the two can induce splenic necrosis in BaLB/C

mice (Neill, Cole and Hyde, 1972), but splenic necrosis

was not found in C57BI/6 mice treated similarly. Diff¬

erences were found by Prosnitz et al. (1969) in the

degree of splenic damage induced by ethyl palmitata in

different/



different strains of mice. In particular the latter

workers found that Deer mice did not exhibit splenic

necrosis when treated with this lipid.

Electron microscopic changes suggesting severe cell

damage were observed in the Kupffer cells of mice

treated with ethyl stearate (unpublished findings of

Muir and Stuart, cited by Stuart and Cooper, 1962).

There is no evidence to suggest that cholesterol oleate

induces damage to cells of the R3S, judging from the

histological observations of Stuart (I963)o Similarly,

there is no evidence that the RiDS stimulating triglycer¬

ides cause damage to cells of the RiSS. These findings

appear to indicate that the effects of injections of

simple lipid preparations are related to the chemical

nature of the lipids. The observations of Shivas and

Fraser (1959) on the other hand, suggest that the physi¬

cal nature of lipid emulsions determined their ability

to induce cell death. In their experiments, cell death

was observed in the sternal lymph nodes of animals in¬

jected intraperitoneally with a large variety of lipid

preparations.

The main method that has been used to evaluate the

effects of agents that modify R13S phagocytic activity

has been the use of the tests of vascular clearance of

simple colloidal preparations. For some years, however,

evidence has accumulated suggesting that factors un¬

connected with the phagocytic activity of the RSS may

influence the vascular clearance of particulate colloids.

The/



i'he factors that have been 3hown to be implicated

in the clearance of colloidal preparations from the

blood, in a variety of experimental situations, are as

follows;

I# Phagocytosis by orthodox endothelium and hepatic

sinusoidal endothelium (Collet and Policard, 1962;

Cotran, 1964; Wisse, 1972)•

2. Alterations in liver blood flow (Saba, 1970 a;

Normann, 1972)•

3. tfon-phagocytic pulmonaj^y trapping of particles

(Singer e_t al. 1969; wilkins and Myerst 1966; Dobson,

1957; JTeukomm @t al. 1957)•

4. Non-phagocytic splenic trapping of particles (Jandl

et al. 1965).

5. Trapping of particles by pi itelets (van Aken and

Vreeken, 1970; Donald and Pound, 1971; Donald 1972).

6. Alterations in putative opsonins for inert particles

used for clearance tests (reviewed by Saba, 1970 b).

In metnyl palmitate-induced blockade, it has been

demonstrated that alterations in serum opsonins do not

play a major role in the genesis of blockade (Gaba and

DITmzIo, 1968) but no studies have been conducted to

determine whether alterations in serum opsonins occur

in forms of blockade due to other simple lipids. The

influence that the other factors may have on the vascular

clearance of colloidal preparations under physiological

conditions i3 perhaps slight judging from the v» rk of

Gtiffel et al. (1970) but their influence in conditions

of/
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of blockade has been insufficiently investigated and

clearance data per se do not provide enough information

to afford a proper analysis of all the factors that

mi ;ht influence clearance.

Ideally, because of the possible intervention of

several clearance factors in conditions of blockade,

it is desirable to complement clearance studies with

methods for studying the tissue and cellular redistri¬

bution of particles and for checking other factors such

as changes in serum factors and platelets. Such consider¬

ations have stimulated researcn using other methods of

evaluating the phagocytic activity of single macrophage

populations. In situ and isolated liver perfusion tech¬

niques have been developed by Howard and Wardlaw (1958),

Jeunet and juitt (1962), Filkins et al. (1965) and

Jeunet and Good (1967, 1969), a liver slice techniquef
(Filkins and 3mith, 1965), has been extensively used by

DiLuzio and his colleagues and cell culture methods

using isolated peritoneal, pulmonary and liver macrophages

have complemented and extended knowledge of the factors

that can influence phagocytosis in vitro (Rabinovitch,

1968). Fxcept for cell culture methods, these methods

have not been widely exploited. Cell culture methods

have been of considerable value in the investigation of

the metabolic requirements of different populations of

macrophages, have established several synthetic activi¬

ties of macrophages and have made important contributions

in the study of the "immune" macrophage and in the study

of/
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of the role of the macrophage in the induction of immune

responses (Pearsall and weiser, 1970; Stuart, 1970;

Vernon-Roberts, 1972)* Such methods have been used in

the investigation of the effects of several triglycerides,

especially triolein, one of the lipids that induces hyper-

phagocytosis by the RES, but they have not been used to

investigate lipids that induce blockadeo

Enhancement of phagocytosis by the RES has been

demonstrated in mice treated with the triglycerides,

triolein, tricaprin and 2-oleodistearin, (Stuart et al.

I960 a; Biozzi et al. 1963 a; Stuart and Cooper, 1963)•

Other triglycerides have less or no effect (Cooper, 1964).

Histological studies showed that there was substantially

increased uptake of collodial carbon by phagocytes partic¬

ularly in the liver, in mice treated with triolein,

confirming that the increased clearance rate due to pre-

treatment with this lipid is directly related to enhanced

phagocytic activity. Nevertheless, it is not possible

to exclude the possibility of a significant contribution

to clearance by hepatic sinusoidal endothelium, from

these studies. Studies by Cooper and Stuart, (1962) and

Stuart and Cooper (1962) demonstrated that triolein pre-

treatment enhanced the clearance of intravenously injected,

attenuated pneumococci and of -^Cr-labelled bacterial

lipopolysaccharide•

Extensive in vitro studies by Cooper and West (1962)

Cooper (1964), Cooper and Houston (1964) and Lee and

Cooper (1964) demonstrated that triolein had the

property/
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property of increasing the proportion of actively

phagocytosing macrophages in populations of mouse

peritoneal cells, enhanced the capacity of these cells

to ingest and kill avirulent and virulent bacteria in

the presence of serum, increased the capacity of macro¬

phages to ingest a second bacterial strain after prior

exposure to an unrelated strain, and appeared to have

a direct effect on peritoneal cell membranes. Further

studies of this lipid were undertaken by Carr, (1967),

1968, 1970), Carr and Williams (1967) and Carr and Roe

(1968). These studies complemented those of Cooper

and his colleagues and showed that triolein modified

the structure of peritoneal macrophages. The main

features were the development of exaggerated number

and size of cytoplasmic processes and an increase in

the number of lysosomes, associated with increased acid

phosphatase and esterase activity, in the modified

cells. Enhancement of cellular trapping and ingestion

of colloidal carbon in vitro was also demonstrated.

Carr and his colleagues, however, observed that these

changes were not fully developed until about five days

after exposure of peritoneal cells to the lipid, whereas

the in vivo studies of Stuart _et al. (I960 a,b) and
Stuart and Cooper, (1963) indicated that the effect of

triolein and related lipids was maximal about 48 hours

after it3 intravenous injection. Cooper and Carr both

likened some of the changes they observed to those

introduced by glucan, the purified polysaccharide moiety

derived/
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derived from zymosan (a preparation of yeast cell walls)

and to those induced by bacterial lipopolysaccharide.

No such in vitro studies have been conducted with other

triglycerides, nor for that matter with lipids that

induce blockade in vivo*

Blockade experiments have suggested for many years

that the RSS is implicated in humoral antibody product¬

ion in vivo. Blockade of tne RES with large doses of

Trypan blue (Gay and Glark, 1924) and India ink (Cannon

et al. 1929) is associated with depression of the

formation of antibody against heterologous erythrocytes*

Originally, such findings were correlated with the

belief that macrophages could synthesise antibodies,

but the demonstration that antibody formation is not

effected by macrophages (Roberts, 1955) rendered such

interpretations untenable.

The close anatomical relationship between macro¬

phages, lymphocytes and plasma cells in lymphoid tissues

has been an important consideration influencing the

persistent belief that there is a functional relation¬

ship between these cell types. (Berman, 1966). Since

a direct role in antibody production had been disproved,

other possibilities were investigated using a variety of

techniques. Cell transfer systems have been extensively

used to study macrophage involvement in antibody pro¬

duction: Antigen is injected intraperitoneally and

peritoneal cells are harvested half to one hour later.

Alternatively, harvested peritoneal cells can be in¬

cubated/
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incubated in vitro with antigen for a similar period.

The cells are then washed thoroughly and are injected

into syngeneic recipients. The recipients are studied

for their primary or secondary responses against antigen.

Radio-active labelling with -^Cr, ^^1 or allows

estimates of the amounts of antigen bound to macrophages

to be made and facilitates the determination of its

localisation in vivo.

Experiments of this Rind have demonstrated that

immunocompetent lymphocytes must be present in the

recipients, because irradiated animals (Argyris, I967i

Unanue and Askonas, 1968 a) and tolerant animals (Mitch¬

ison, 1969) do not respond to antigen. Furthermore,

the capacity of macrophages from tolerant mice to ingest

antigen and to transfer immunogenicity are unimpaired

(Humphrey and Frank, 1967? Mitchison, 1969)• Antigen

bound to live macrophages is immunogenic and the immune

response elicited by injections of macrophage-bound

antigen are directly related to the amount of antigen

exposed to the macrophages (Unanue and Askonas, 1968 a).

By comparing the responses after injections of free

antigen and macrophage-bound antigen, it has been shown

that if the antigen is of a type that is poorly phago-

cytosed by macrophages (eg. albumin) then it is sub¬

stantially more immunogenic if it is bound to macrophages

than it is when injected as free antigen, (Mitchison,

1969). Conversely, antigens that are readily phagocytosed
l

by macrophages, such as heterologous erythrocytes or

haemocyanin/
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haemocyanin (Cruchaud and Unanue, 1971 a; Unanua, 1969)

induce larger immune responses in the free form than

when bound to macrophages. The explanation for these

findings has been that particulate antigens that are

readily phagocytosed by macrophages localise in relatively

large amounts in lymphoid tissues and that injections of

macrophage-bound antigens of the sqme kind do not enhance

the localisation of antigen in the lymphoid tissues.

Antigens that are poorly phagocytosed, on the other hand,

do not localise in the lymphoid tissues to the same

extent as particulate antigens, whereas such antigens

bound to macrophages localise in larger amounts in the

lymphoid tissues, by virtue of the ability of injected

macrophages to localise in these tissues. Peritoneal

macrophages are particularly effective in this respect

(Koser, 1970).

Large polymeric antigens are more immunogenic than

soluble antigens (Dresser, 1962; Claman, 1963; Prei et

al. 1965; Golub and weigle, 1969)* These workers showed

that ultra-centrifugation and biological filtration of

foreign albumins and immunoglobulins revealed that the

polymeric fractions were more immunogenic than the mono-

maric fractions of these proteins. Indeed, injection of

the monomeric fractions could induce tolerance. These

findings led to the 'direct access* theory of tolerance,

which was proposed by Dresser and Mitchison (1968).

According to this theory, direct contact between antigen

and lymphocytes induces tolerance, whereas antigen that

has/
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has been in contact with macrophages induces an immune

response.

Ford eh al. (1966) and McCullagh (1970) used a cell

transfer technique in a different way. They incubated

macrophages which had ingested sheep erythrocytes with

thoracic duct lymphocytes and then separated the macro¬

phages from the mixture magnetically, after the macro¬

phages had ingested iron particles. They demonstrated

that the lymphocytes made an anti-sheep erythrocyte

response on transfer to syngeneic recipients while thor¬

acic duct lymphocytes that had been incubated with

solubilised sheep erythrocytes in the absence of macro¬

phages had no such effect.

As mentioned previously, early studies of the effect

of blockade of the RS3 on antibody production demonstrat¬

ed that blockade with Trypan blue and India ink was

associated with depression of the antibody response

against sheep erythrocytes. Recent studies have demon¬

strated that blockade of the RR8 by pre-treating mice

with methyl palmitate, ethyl palmitate or cholesterol

oleate has a similar effect on the antibody response

against heterologous erythrocytes. (Stuart and Davidson,

1964; A'ooles and DiLuzio, 1963; DiLuzio and Aooles,

1964). In these experiments, the lipid and antigen were

administered intravenously, similarly, Gruchaud (1968)

showed that intravenous injections of India ink and

saccharated iron oxide depressed the antibody response

against bovine serum albumin injected by the same route.

Ohbuchi (1968) showed that the antibody response against

bovine/
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bovine serum albumin injected subcutaneously in Freundfs

complete adjuvant was depressed by previous intravenous

injection of methyl palmitate.

A series of experiments by Sabet and his colleagues

demonstrated that intraperitoneal injections of colloidal

carbon impaired the immune response against heterologous

erythrocytes injected intraperitoneally. Primary humoral

antibody production (Sabet e_t al. 1968, 1969), immuno¬

logical memory and the secondary response (Sabet and

Friedman, 1969) were all impaired by injecting carbon

one to three days before primary immunisation. Other

agents such as Thorotrast (Michael and Murray, 1970)

methyl cellulose (Franzl I97I)> in-complete Freund*s

adjuvant (Chakrabarty and Friedman, 1971) and mineral

oil (Huard and Siebling, 1971) when injected intra¬

peritoneally, have been shown to have similar effects

on the responses against intraperitoneal antigen

injections.

Blockade studies using intraperitoneal injections

of the blocking agent have been criticised by Schwartz

et al. (1970) mainly because blockade of the RjiS has not

always been confirmed in these studies and because

impairment of function of lymphocytes has not been

excluded in blockade experiments.

Not all studies of blockade have found that there

is immuno-suppression. Barrie and Cooper (1964) and

Fisher, (1966) demonstrated that the humoral antibody

response after immunisation with sheep erythrocyte

stroma/



stroma was actually enhanced by pre-treating mice with

agents such as ethyl stearate and inert particles

(India ink, saccharated iron oxide, Thorotrast and

polystyrene latex particles). These findings may,

however, be related to the use of sheep erythrocyte

stroma as the antigen and it is possible that the immune

response against this antigen requires different cellular

interactions than those required for a response against

erythrocytes. Moreover, these studies established that

these treatments enhanced the splenic localisation of

antigen. Similar enhancement of splenic localisation

of antigen has been found in situations where agents

that stimulate phagocytosis by the RES have been

employed. Enhancement of antibody production has also

been found in some of these experiments. Zymosan or

gluean pre-treatment enhanced both the splenic localis¬

ation of antigen and the antibody response against heter¬

ologous erythrocytes (Cutler, I960, 1961; Wooles and

DiLuzio, 1963; DiLuzio et al. 1964; Morrow and DILuzio,

1964, 1965; Munson et al. 1970). Pre-treatment with

triolein, which enhances the phagocytosis of carbon by

the RES, enhanced the uptake of sheep erythrocyte stroma

by the spleen, but it was not shown to enh nee antibody

production against this antigen (Barrie and Cooper, 1964)

or against intact sheep erythrocytes (Stuart and Davidson,

1964). These findings tend to suggest that a factor

influencing the antibody response in states of RES

blockade or stimulation may be the amount of antigen

localising in the spleen, although it may not be the

sole/
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sole determining factor# In view of this, a proper

evaluation of the effects of blockade or stimulation of

the RMS on immune responses requires information about

the redistribution of antigen, particularly to lymphoid

tissues.

Other types of in vivo experiment have implicated

the macrophage in antibody production. Irradiation

experiments (Gallily and Feldman, 1967? Pribnow and

oilverman, 1967, 1969J Mitchison, 1969) have suggested

that protein antigens and bacteria require macrophage
*

intervention. The effects of irradiation appear to be

limited to the early phase after antigen injection and

irradiation after antibody production has commenced

seems to have little effect. Abnormal handling of

antigen by macrophages has been suggested as an explan¬

ation for the effects of irradiation. Anti-macrophage

anti-sera have been found to modify immune responses

and immuno-suppression has been described (Argyris and

Plotkin, 1969); otber investigations have revealed

inconsistent effects (Unanue, 1968 b} Despont and

Gruchaud, 1969). More iniormation is required concern¬

ing the specificity and distribution of different anti-

macrophage anti-sera before their effects can be evaluat¬

ed.

In vivo techniques tend to be hampered by several

problems concerning the distribution of injected antigen

and the inability to block, stimulate or extirpate

specific cell lines completely. Because of these

difficulties,/
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difficulties, a considerable amount of contemporary

work has dealt with in vitro techniques. These tech¬

niques require efficient methods for separating mixed

cell populations. The use of columns of glass beads to

separate glass-adherent macrophages is one such method

(Shortman, et al. I97I). A method for measuring the

immune response is required. The haemolytic plaque

technique originally described by Jerne and Nordin (1963)
and modifications of this technique provide a suitable

method and the antibody forming cells revealed by this

technique are termed plaque forming cells or P!FG.

Special culture methods such as those devised by Mishell

and button (1966) and Marbrook (1967) are required to

ensure the appropriate conditions for antibody product¬

ion in vitro.

A complicating factor in the study of the cellular

interactions leading to antibody production in vitro

has been the recent discovery that collaboration between

thymic dependent (T) lymphocytes and bone marrow derived

(B) lymphocytes is required for an efficient antibody

response to certain antigens. In vivo experiments by

Miller and Mitchell (1969), Claman and Chaperon (1969),

Taylor (1969) and Mitehis on (1971) have demonstrated

that antigens such as heterologous erythrocytes, proteins

and hapten-protein conjugates require collaboration

between T and B lymphocytes in oraer to induce efficient

immune responses. Numerous workers have demonstrated

that a similar situation occurs in in vitro systems, but

an/
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an important finding has been that a glass or plastic

adherent cell is usually required in vitro for an

efficient antibody (PFC) response to many antigens.

In the present context, it is sufficient to cite mainly

those studies that have investigated the cellular

requirements for an in vitro response against sheep

erythrocytes. Mosier (1967) was the first to demon¬

strate that non-adherent spleen cells did not produce

antibody on contact with sheep erythrocytes. The

addition of adherent cells restored the capacity to

produce antibody. The adherent cells after thirty

minutes contact with antigen and subsequent removal of

free antigen, were able to interact with lymphocytes

to produce a PFG response. These experiments were

confirmed and extended by Mosier (1969), Pierce and

Benacerraf (1969), Hoseman (1969), Hartmann et al.

(1970), Hoffman (1970), Shortman et al. (1970), Short-

man and Palmer (1971), Tan and Gordon (1971) and Gisler

and Dukor (1972). The essential findings were that

the primary antibody response against heterologous

erythrocytes required the interaction of T and B

lymphocytes and a third cell that adhered to glass or

plastic, did not produce antibody, was radio-resistant,

was eliminated by anti-macrophage anti-serum and had

the morphological and functional characteristics of a

macrophage. The bone marrow derived (B) lymphocyte

was identified as the antibody producing cell.

The requirement for macrophage intervention in

the/
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the secondary antibody response against heterologous

erythrocytes has been suggested from the experiments of

Lamvik (1969)» Theis and Thorbecke (1970) and Feldman

and Palmer (I97I)« Other studies have suggested that

a secondary response against erytarocytes and horse

ferritin may proceed in the absence of macrophages

(Pierce, 1969; Moore and Schoenberg, 1968). An

interesting observation regarding the cellular require¬

ments for a response against heterologous erythrocytes

was that solublised sheep erythrocytes could induce a

secondary response by lymphocytes in the absence of

macrophages (Feldman and Palmer, I97I)« This finding

suggests that the role of macrophages may be to reduce

the sheep erythrocyte antigenic determinants, that

interact with recognition sites on lymphocytes, to a

critical size in order to be immunogenic.

The reports of most in vitro experiments using

heterologous erythrocytes seem to imply that it is the

antigen that has been ingested that is the active immuno¬

genic principle. The findings of Leserman et al.

(i972) suggest that this may not be so. They demon¬

strated that treating macrophages, that had been in

contact with sheep erythrocytes, with ammonium chloride

abolished the capacity of those cells to effect a lympho¬

cyte response, presumably a3 a result of lysis of the

adherent erythrocytes. Addition of fresh erythrocytes

restored the capacity of the cells to stimulate a

lymphocyte response.

The/
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Ihe attachment of antigen to macrophage surfaces

where it can act as an immunogen is suggested by other

findings. It has been demonstrated that a small residual

amount of I-labelled haemocyanin persisted for up to

two days in cultures of macrophages (Unanue and Askonas

1968 b). Some of this antigen was identified auto-radio-

graphically on cell surfaces where it could react with

specific antibodies and could beremoved by trypsin treat¬

ment of the cells. (Unanue at al. 1969; Unanue and

Cerrotini, 1970). It is possible that such surface

bound antigen is protected from being ingested by being

attached to specific surface binding sites and that the

attachment of antigen to some macrophage receptors does

not initiate endocytosis. The findings of Rabinovitch

(I967i 1968), showed that phagocytosis of aldehyde-

treated erythrocytes was facilitated by specific anti¬

body. In its absence, adherence to macrophages with

little engulfment of erythrocytes occurred. Different

receptors were postulated to explain the different fates

of these erythrocyte preparations (Rabinovitch, 1970).

Phagocytosed antigen tends to be degraded by

lysosomal enzymes (Cohn, 1968, Rabinovitch, 1968), but

it seems to be less efficiently degraded after being

ingested by macrophages than by polymorphonuclear leuco¬

cytes. polymorphonuclear leucocytes, in fact, seem to

be capable of destroying antigenicity entirely (Cohn

1963). when heterologous erythrocytes are ingested by

macrophages in vitro immunogenic material can be exo-

cytosed in amounts that cannot be explained on the basis

of/
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of cell death in culture. This material can bind to

macrophage surfaces (Cruchaud and Unanue, 1971 b).

Tranzl (1962) demonstrated that homogenates of the

spleens of mice, injected one to three days previously

with sheep erythrocytes, were immunogenic, while liver

homogenates had no such effect, suggesting that splenic

macrophages did not destroy antigen rapidly, unlike

liver macrophages. The immunogenic activity was found

to be associated with the lysosomal fraction. Kolsch

and Mitchison (1968) also found persistence of immuno-

genicity associated with nuclear and lysosomal fractions

of peritoneal cells that had been exposed to antigen,

although antigen bound to live macrophages was sub¬

stantially more immunogenic than the cell fractions.

From the aforementioned studies there are reason¬

able grounds for postulating that macrophages have an

important part to play in the induction of the immune

response to certain antigens such as heterologous erythro¬

cytes. At the very least it would appear that macro¬

phages can amplify immunological responses. There are,

however, arguments against such an interpretation.

The requirement for macrophages in the immune

response in vitro has not heen proved beyond doubt.

Not all adherent cells are macrophages. Mixed cell

populations derived from spleen and lymph nodes yield

cell populations such as endothelial cells, reticular

cells and fibroblasts that can adhere to glass (Stuart,

personal communication) and lymphocytes can undoubtedly

adhere/
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adhere to glass and plastic (personal observation).

It is generally assumed, however, that the major

adherent component in vitro systems is the macrophage

population, but even if this is so, it is still possible

to argue that the macrophages merely act as a •feeder*

layer for the lymphocytes (Gorczynski et al. 1971 a).

Some experiments have suggested that macrophages

act mainly by eliminating antigen and that contact of

antigen with macrophages does not enhance immunogenicity.

This scavenging function has been demonstrated by the

studies of Perkins and Makinodan (1965) and Perkins

(1970). Theseworkers prepared a standard antigen

dose - antigen response curve by injecting a fixed

number of primed spleen cells mixed with decreasing

amounts of sheep erythrocytes into irradiated mice.

They then measured the immunogenicity of sheep erythro¬

cytes after their incubation in vitro with peritoneal

cells* Their results showed that the immunogenicity

of the reaction mixture of peritoneal cells and opson-

ised erythrocytes varied inversely with the incubation

time and that in this situation it was never enhanced

above control values. By stimulating a peritoneal

exudate by injecting gelatin or proteose-peptone

intraperi toneally, the immunogenicity of the reaction

mixture was reduced, while blocking peritoneal cell

phagocytosis by previously injecting polystyrene latex

or acryl particles resulted in enhancement of the

immunogenicity of the reaction mixture. Nevertheless,

these/
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thesa experiments also revealed that when sheep erythro¬

cytes were injected intraperitoneally into mice pre-

treated with intraperitoneal gelatin or peptone or

synthetic particles the amount of antigen localised in

the spleen correlated well with the immune response and,

as mentioned previously, splenic localisation of antigen

may be an important factor determining the immune re¬

sponse.

.Experiments designed to investigate the fate of

antigen in vivo have revealed an antigen trapping

mechanism in lymphoid follicles that appears to involve

a dendritic cell that is not an orthodox macrophage,

(white, 1963, 1969; Nossal and Ma, 1970). Electron

microscopic examination has suggested that antigen is

localised on the surface of dendritic cell processes

(Mitchell and Abbot, 1965, Szakal and Hanna, 1967;

Hanna and Szakal, 1968; Nossal et al. 1968 a,b).

Other studies have demonstrated that, in normal animals,

immunoglobulin is associated with the antigen localised

in the follicles (Balfour and Humphrey, 1966).

The implication of these studies is that a fourth

cell type in addition to T and B lymphocytes and macro¬

phages may contribute to the cellular interactions lead¬

ing to antibody production against certain antigens,

although its participation in primary immunisation is

uncertain. Stuart and Davidson (1971 a,b,c) cultured

a large brancning cell from mixed cell populations

derived from human lymph nodes, tonsil, lung, peritoneum,

synovium, spleen and thymus. They found that this cell

differed/



differed, from both macrophages and fibroblasts cyto-

chemically and that the phagocytic and digestive prop¬

erties of the cell were limited, lor instance, the

cell did not phagocytose opsonised human erythrocytes

and it digested yeast much more slowly than orthodox

macrophages. Macrophages were found to cluster around

the branching cell3 within six to twelve hours after

the addition of sensitised erythrocytes to cultures,

whereas this did not occur in control cultures. Cyto¬

plasmic bridges formed between these two cell types,

ihese bridges were thought to be the route by which

haemoglooin breakdown proaucts entered the branching

cell from macrophages, fluorescent and auto-radio-

graphic techniques demonstrated apparent transfer of

antigen-antibody complexes from macrophages to branch¬

ing cells# dtuart and Davidson thought that these

branc J.ng cells were reticular cells, out were uncert¬

ain as to whether they corresponded to the dendritic

cells in tie lymphoid follicles.

It is evident that, Although much iinormation has

been derived from in vitro studies concerning the role

of the macrophage in antibody production, such findings

cannot be extrapolated into the in vivo situation,

ihis was strongly emphasised by Gorczynski at *1.

(1971 a). these workers considered that an in vivo

requirement for accessory cells, that had been identi¬

fied as macx'ophages in vitro, could not be demonstrated

with standard transplantation assays, because they use

irradiated/
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irradiatad mica and any radiation-resistant cell will

be supplied by the recipients and could be absent from

the test cell suspension without affecting the immune

response. They pointed out that, unless it was possible

to demonstrate conclusively that there is a requirement

for accessory cell in vivo, the cell culture require¬

ments for a radiation-resistant cell could be explained

as a feeder* effect related to the culture conditions

rather than an integral part of the initiation event.

Doubts of the kind expressed by Gorczynski and

his colleagues emphasise the need to extend In vivo

studies designed to investigate the role of the macro¬

phage in immune response. Parts of the present studies

were designed with this aim in view. Considering the

previous experience of this laboratory in the study

of simple lipids that modify RSS phagocytic function,

a suitable approach to this problem was fudged to be

one that exploited techniques using simple lipids.

Simple lipids were in the course of being investigated

with the aim of elucidating the mechanism of depression

and stimulation of phagocytosis by the RSS in mice,

when the investigation of their effects on antibody

production was contemplated. The scope of these studies

is outlined below.

The Scope of the Studies

I. Morphological studies of the tissues of mice treatedwj-bii Tricaprin, Ethyl Palmitate and Cholesterol"
-

a. Light microscopic examination.

b. Electron/
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b. electron microscopic examination.

At the onset, it was decided to complement light

microscopic studies with electron microscopic examin¬

ation of the tissues. This approach imposes certain

limitations, mainly because of its time-consuming nature.

In view of this, its use was restricted to the examin¬

ation of two tissues - the liver and the spleen, in one

animal species, the mouse. Because of this restriction,

it was possible to investigate the effects of three

lipid preparations, namely: tricaprin, which stimulates

the phagocytosis of colloidal carbon by the KBB and

ethyl palmitate and cholesterol oleate which depress

phagocytosis of colloidal carbon by the HBS, and where

appropriate to follow the effects with the passage of

time.

2. Morphological studies of isolated peritoneal cells
derived from mice treated with the three lipids.

I I I II I I !■ II ■ I - ■ II - - ■ I - I ~ III II 111

a. Short term cultures of peritoneal cells.

b. Time-lapse cine-photomicrography.

c. electron microscopic examination of peritoneal cells.

Morphological studies in vivo suggested that the

mechanisms of blockade induced by ethyl palmitate and

cholesterol oleate were fundamentally different and

that a more direct approach to the problem was desirable.

In vitro studies were, therefore, designed with the aim

of investigating the effects of three lipids on short-

term cultures of macrophages, using time-lapse cine-

photomicrography to record events. The use of this

technique helps to reduce certain observer errors, but

imposes/
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imposes several limitations. It was necessary to obtain

proportionately high, yields of glass adherent cells from

the investigated cell suspension, because large numbers

of non-adherent cells disturb the phase contrast. The

presence of free lipid has the same effect, and this

problem also dictated the choice of particles that could

be used to investigate phagocytic activity in vitro.

These problems were, in fact, readily solved by using

peritoneal cells derived from mice that had been in¬

jected intraperitoneally with the lipid preparations,

and by using fresh, opsonised, human erythrocytes from a

single source. Relatively small numbers of erythrocytes

could be used that did not disturb the phase contrast,

yet were in sufficient numbers to ensure contact between

most of the adherent cells and the test particles.

electron microscopic studies of the peritoneal cell

preparations, derived from mice treated with tricaprin

and from appropriate control mice, were designed to

compare the character of the cells in the induced peri¬

toneal exudates with the resident population of peri¬

toneal cells. Circumstances affecting the supply of

suitable strains of mice prevented investigating more

than one lipid.

3« Methods used to determine whether treatment with the
three lipids modified the phagocytic activity of the"
RES.

a. Morphological studies.

b. Clearance tests.

Light microscopic examination of the liver and spleen,

derived/



derived from untreated and lipid treated mice injected

with a standard dose of colloidal carbon, offered

a simple method for assessing changes in the phagocytic

activity of the RUG. electron microscopic examination

was used to study the cellular localisation of the

carbon in these tissues. These two methods were also

used to study the redistribution of carbon with the

passage of time and to assess the recovery of the phago¬

cytic activity of the RGB in conditions of blockade.

The carbon clearance test is a standard method

for evaluating tne phagocytic activity of the RBG, but

it was put to limited use in these studies. This test

requires considerable skill which could be provided

only by one of my colleagues (Br A..G. Dewar). Because

other evidence was available to establish the effect

of the three lipids on the phagocytosis of carbon by

the Khdj, this test was used only to cneck for any large
differences in the clearance rates in the two strains

of mice used for most of the present studies. Untreated

mice and. mice treated with cholesterol oleate were

used for this purpose. On the other hand the clearance

rates of sheep erythrocytes labelled with v Gr-chromate

in untreated mice and mice treated with all three lipids

were a necessary requirement in order to determine the

effects of the three lipids on phagocytosis of tnis

particle by the RiSS. Two different concentrations of

3heep erythrocytes were used in order to complement

studies of the distribution of antigen in the tissues,

and/
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and studies of the immune response against this antigen,

4. method U3ed to study the distribution of antigen in
tissues of mice treated with the threeTipids.

a. Radio-chromium-labelled sheep erythrocyte injections.

b. Distribution of gamma emission in the tissues.
51

The method of choice was based on the use of Cr-

labelled erythrocytes. Untreated mice and mice treated

with the three lipids were injected intravenously with

a commercial preparation of sheep erythrocytes which
51

was labelled with Cr-labelled sodium chromate. The

distribution of the label was determined by measuring

the gamma emission in the excised tissues. Two differ¬

ent concentrations of sheep erythrocytes were used,

corresponding to those used in the clearance studies.

5. Methods used to study the immune response in mice
treated with the three lipids.

a. Immuno-cytoadherence (Rosette technique).

b. ilectron microscopic examination of rosettes.

c. Morphological studies of lymphoid tissues.

The immune response of mice immunised with sheep

erythrocytes had been comprehensively investigated by

Biozzi and his colleagues using an immuno-cytoadherence

technique. (Rota et al. 1964; Biozzi et al. 1966, 19671

Pavlovski et al. 1970). On the basis of their findings

there seemed to be little doubt that this method provid¬

ed a highly sensitive measure of the response of anti¬

body forming cells in individual lymphoid tissues. This

method, therefore, offered a means of complementing and

extending the findings of previous studies of the effects

of/
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of simple lipids on the immune response.

Experiments were designed to evaluate the rosette

forming cell (RFC) response in the spleen and aggregates

of lymph nodes, in lipid treated mice using two different

doses of sheep erythrocytes as antigen. The rosette

technique used was reputed to yeild very low numbers of

macrophage rosettes (Pavlovski at al. 1970). Provision

was made in the design of the experiments to test this

finding using a method for examining rosettes electron

microscopically. Light microscopic examination of the

spleen and lymph nodes derived from immunised mice was

used in order to detect the occurrence of haemoglobin

breakdown using Perl's stain and to assess the pyronino-

philic cell response in lymphoid tissues.

6. Methods usad to study the proliferation of cells
induced by cholesterol oleateT

a. Nucleated cell counts.

b. Tritinted thymidine uptake.

c. Autoradiography.

Splenomegaly was a constant finding in mice treated

with cholesterol oleate. experiments ?;ere designed to

study the changes in the nucleated cell counts in the

spleen over a period of time after the intravenous in¬

jection of this lipid. Provision was made to correlate

measurements of the cell counts with the tritiated thy¬

midine uptake by the spleen. Parallel estimates of the

bone marrow cell counts and tritiated thymidine uptake

by the bone marrow were required in order to check the

current views regarding the origin of maci-uphages. An

auto-/
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auto-radi.ograph.ic study was designed to identify the

distribution of labelled cells in the spleen, liver

and bone marrow. It is not possible to estimate the

tritiated thymidine uptake by the liver, using the

scintillation counting techniques that were available.
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MATERIALS AND METHODS PQR Til, MORPHOLOGICAL JTJDIES

Animals:

1. Mala, T 0 strain, albino mice weighing 16 to

24 g. were supplied by Tuck and Son, Rayleigh, Essex.

2. Male, LACA strain, albino mice weighing 16 to

24- g. were supplied by S•A.C.I#, Braintree.

Both these strains are closed colony, outbred, specific

pathogen-free strains.

3« Male, Swiss strain, albino mice weighing 16 to

24 g. These mice are inbred and were supplied by the

Department of Cell Biology, University of Leiden, Holland.

4. Male, 0/20 strain, albino mice weighing 16 to

24 g. supplied by the Department of Pathology, University

of Leiden, Holland.

Lipid emulsions:

Emulsions were prepared using I per cent Tween 20

(Koch-Light) in 5 per cent Dextrose water (Pharmaceutical

Department, Royal Infirmary, Edinburgh).

Cholesterol oleate: (B.D.H.).

Two preparations were used:

1. 0.5 6* lipid made up in 4.5 ml. Tween-dextrose

(Stuart and Davidson, 1963)•

2. 1.0 g. lipid made up in 4.0 ml. Tween-dextrose.

The lipid was heated at I00°C in a water bath until

it had melted. The mixture was then homogenised in an

MSE Homogeniser running at full speed, for five minutes.

The temperature of the water bath was kept at 60°C
during homogenisation.

The/
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The lipid emulsion is not stable below 37°G, there¬

fore, a fresh lipid preparation was U3ed for each set

of injections and was kept at a temperature of about

45°0 before use; mice were injected with 0.3 ml* of

either preparation I or 2, equivalent to 30 mg. or 60 mg.

of the lipid. Particle size estimated by microscopic

examination of the emulsion in the warm stage of a Wild

M 40 inverted microscope was 2 to 7/4. •

Ethyl Palmitate: (B.D.H., technical grade).

15 ml. of the lipid was mixed with 2#5 ml. absolute

ethanol at 45°C. This v/as added drop-wise to 32.5 ml.

of Tween-dextrose while being homogenised at full speed

in an MSG Homogeniser. The temperature was kept at

45-50°C. The suspension was transferred to Visking

cellophane tubing. The ends were tied without leaving

any air in the tube and the suspension was dialysed

overnight against excess 5 P®^ cent- dextrose water,

buffered to pH 7*4- with phosphate tablets to remove the

alcohol. (Stuart, 1962).

The emulsion v/as stable at room temperature.

Particle size, estimated microscopically, was -d-5/w.

Doses of 0.4 ml. and 0.3 ml. equivalent to 120 or 90 mg.

were used.

Glyceryl Tricaprate: (Supplied by Dr F. Padley, Unilever

Research Laboratories, The Frythe, Welwyn Garden City).

Tricaprin 0.5 g* was added to 4.5 ml. of Tween-

dextrose and melted in a water bath at 90°G, then

homogenised in an MSG Homogeniser for 5 minutes. The

emulsion/
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emulsion was stable at room temperature. Particle size,

estimated microscopically, was <1-3jx , A dose of 0,2 ml.

equivalent to 20 mg., was used for injection.

Colloidal carbon:

Special biological ink, C II/I43Ia (G-uenther Wagner,

Hanover). An electrolytically dispersed suspension of
o

carbon, particle size 250-300 A, in an aqueous solution

of gelatin (Halpern et al. 1953) was supplied by I)r Denise

Mouton, Institut d^mmuno-Biologie, Hopital Broussais,

Paris.

The colloidal carbon was used as an 8 mg. per/ml.

suspension, in a dose of 0.1 ml. per 10 g. body weight

for all experiments.

Injection procedures:

Intravenous injection of lipid emulsions and

colloidal carbon was performed with Iml. Tuberculin

syringes fitted with 26 gauge needles. The mouse was

placed in a small wire mesh cage, one end of which was

closed with a rubber stopper in which there was a groove

to accommodate the tail. The tip of the tail was grasped

and the whole tail was warmed with a cotton wool pad

moistened with hot water (about 50°C) to dilate the veins.

Care was taken to inject the vein close to the tip of

the tail, as this is less damaging and allows for multiple

injections.

Intraperitoneal injections of lipid emulsion or

I per cent. Tween 20 in 5 per cent dextrose water was

performed by holding the mouse manually and injecting

using/
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using a I ml. tuberculin syringe and 26 gauge needle.

Carbon clearance test (Biozzi et al. 1954)'•

0.1 ml. of 8 mg. per/ml. preparation of colloidal

carbon was injected intravenously into a tail vein. At

intervals of two minutes, from 2 to 10 minutes, or at

intervals of three minutes from 5 to 15 minutes, 0.025 mL

blood was withdrawn from a retro-orbital plexus using a

graduated pipette. The blood samples were diluted and

haemolvsed in 2.0 ml. distilled water. Using a pooled

sample from three mice at the same dilution for compari¬

son, the light transmission was measured in an SSL

colorimeter fitted with a red filter. The readings were

converted to logarithms (base 10) and plotted against

time on graph paper. According to Biozzi et al. (1954)

95 per cent of this dose of carbon is phagocytosed by

the reticulo-endothelial cells. The kinetics of

clearance follow an exponential function of the concen¬

tration to time according to the formula

IogC-j- - IogC2
Ko =

I2 Tj.
0 = blood concentration and T = time.

K is the phagocytic index using colloidal carbon
v

as the test particle.

Preparation of tissue for light microscopic examination

Cryostat sections:

Samples of liver and spleen were frozen with solid

carbon dioxide (Drycold, I.G.I) sectioned in a Bright

cryostat and mounted on glass slides. Sections 4-6/u.

thick/
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thick were stained with Sudan IV to demonstrate lipid

Paraffin sections:

Samples of liver and spleen were fixed in 10 per

cent, phosphate-buffered formalin (pH 7.0) for 24 hours.

Rehydration and clearing were performed in a Histokinette

using a standard laboratory schedule. Tissue blocks

were embedded in paraffin wax and sections 4/* thick

were cut on a Cambridge microtome. Sections were stained

with Haematoxylin and Eosin and in the experiments using

sheep erythrocyte injections, a modification of Brachet's

methyl green-pyronin stain and Perl's stain were employed.

Epoxy-resin embedded tissue sections:

Samples of liver and spleen processed as described

later, for ultra-thin sectioning and embedded in Araldite

or Epon 812 were sectioned in an LKB Ultratome I.

Sections I.O/cthick were cut with glass knives and

floated onto distilled water in the trough (fashioned

with Sellotape around the knife and sealed with paraffin

wax or nail varnish). The sections were picked up with

a wire loop and placed on a drop of water on a clean

glass slide. The water was evaporated to dryness by

placing the slide on a hot-plate at 60°C. These sections

were stained with I per cent. Toluidine blue while heating

the slide on a hot-plate at 60°C. Some sections were

treated with sodium methoxide to remove the epoxy-resin

using a modification of the method described by Mayor et

al. (1961), and stained with Haematoxylin and Eosin.

Preparation of tissues for ultra-thin sectioning.

Samples of liver and spleen from freshly killed mice

were/
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were fixed by immersion fixation as follows: finely

diced (.0.5-1*0 mm.) or very thin ( <1 mm. thick) slices

of tissue were immersed in 5 per cent, glutaraldehyde

(TAAB laboratory) in Sorensen*s phosphate buffer (pH 7*2)

for 4-18 hours at 4°0. The thinly sliced tissue was

diced during or at the end of this period. The tissue

was then washed in two changes of phosphate buffer for

2 hours at 4°G then transferred to I per cent, osmium

tetroxide in veronal acetate buffer (pH 7*2) for 1-2

hours at 4°G. The tissue was washed in three changes

of 10 per cent, ethanol for half an hour, dehydrated in

three ch nges of absolute ethanol for two hours and two

changes of propylene oxide for 40 minutes. The tissue

was then impregnated with Araldite in a plastic trough

overnight and embedded in gelatin capsules containing

fresh Araldite.

This method is in routine use in this laboratory

and had the advantage that no specially prepared materials

were required. <Vith advancing experience it became

evident that the tissue preservation was not entirely

satisfactory. Perfusion fixation using the method

described by wisse (1970, 1972) was adopted for the

later stages of these studies, but this method had the

important disadvantage that it was difficult to perform

single-handed and its use limited the scale of the

experiments. Pilot studies using a method of perfusion

fixation had been undertaken early in these studies

using the 3 per cent, solution of gluteraldehyde mentioned

previously/
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ppeviously, but the results had been little better than

the results of immersion fixation. It later became

apparent that perfusion fixation of the livers of

freshly killed mice, as was attempted in these pilot

studies, results in poorer fixation than perfusion

fixation of the livers of live, anaesthetised mice.

Perfusion fixation of liver (Wisse 1970, 1972).

Mice were anaesthetised with ether, strapped to a

cork mat, their fur was swabbed with 70 per cent, alcohol

and the abdomen opened by a vertical midline incision.

The portal vein was cannulated with a 26 gauge needle

which was held by two ligatures around the vein. The

fixative was delivered through a polythene tube, passing

through a peristalsic pump, at a rate of 1.0 ml. per

minute for a mouse of 20 g. Immediately after starting

the pump the inferior vena cava was incised. The fix¬

ative solution was 1.5 per cent, glutaraldehyde in

0.067 M cacodylate buffer (pH 7»4) with I per cent,

sucrose. The liver was perfused for two minutes, then

thin slices of liver were cut and diced in the usual way.

The diced tissue was then transferred to I per cent,

osmium tetroxide in 0.1 M cacodylate buffer (pH 7*4)

for I hour at 4°0. The tissue was dehydrated in graded

ethanols for I hour 15 minutes, then agitated on a

rotating table in a mixture of equal parts of propylene

oxide and Apon 812 (without Accelerator) for I hour,

impregnated, with agitation, in Apon 812 plus Acceler¬

ator (DivlP 50 or DY 064) for I hour and embedded in fresh

Apon/
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ii)pon plus Accelerator, ill BJ3AM (MB) or gelatin capsules.

Perfusion fixation of the spleen:

The fixative solution was the same as that used

for perfusion fixation of the liver. Mice were anaesth¬

etised with ether and splenic perfusion was carried out

in situ. The spleen was exposed by extending the ventral

midline incision on to the left flank. With the minimum

of disturbance of the spleen the 26 gauge needle was

inserted for about 2 mm. into the anterior pole of the

spleen; the other pole of the spleen was quickly excised

with curved Iris scissors when the peristaltic pump was

started. After two minutes the spleen was excised with

scissors without removing the needle and while maintain¬

ing perfusion. The spleen was placed in a watch glass

containing some fixative and perfusion was continued for

2 more minutes. The rate of perfusion was approximately

one drop every 5-6 seconds, roughly 0.5 ml. per minute.

This somewhat arbitary rate was arrived at by preliminary

studies and corresponded to the lowest setting on the

peristaltic pump at which a regular flow rate could be

maintained. At this setting no visible swelling of the

spleen was seen in the majority of instances; where

spleens were seen to swell they were discarded. After

perfusion with glutaraldehyde, thin slices of spleen were

diced and transferred to I per cent, osmium tetroxide in

O.IM. cacodylate buffer (pH 7*4) for I hour and processed

for embedding in Bpon, as described previously. This

method of perfusion fixation of the spleen was adopted

after/
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after pilot experiments using a method employing cannul-

ation of the aorta had shown that it was difficult to

judge if the perfusion of the spleen had been successful

when a glutarldehyde solution was used. Using this

solution the colour of the spleen does not change, unlike

the effect of 10 per cent formalin, for instance.

Preparation of ultra-thin sections.

Sections 1.0yt* thick, cut with glass knives on a LKB-
I ultra-microtome and stained with Toluidine blue, were

used to select areas for ultra-thin sectioning. Pyramids

were fashioned by hand, using a razor blade, in the areas

selected. Sections were cut using glass knives| ribbons
o

of grey or silver sections (<900 A thick) were mounted on

uncoated Athene 200 copper grids or LAB 75 copper grids

coated with collodion and carbon. Sections were stained

with saturated uranyl acetate in 50 per cent, ethanol, or

7 per cent, aqueous uranyl acetate, for 15 minutes and

lead citrate (Reynolds, 1965) for 5-10 minutes. Sections

were examined in an, ARI SM6 electron microscope.

Preparation of peritoneal cells for electron microscopic
examination.

The metaods used were based on that described by

Hirsch and Pedorko (1968). Mice were killed by cervical

dislocation. The fur was swabbed with 70 per cent, alcohol

and the pelt was retracted from the abdomen. Peritoneal

lavage was carried out using a 21 gauge needle attached

to a syringe containing several mis. 0.85 per cent. 3odium

chloride solution (saline) at 4°0 (adjusted to pH 7*4- with

O.IN sodium hydroxide). The cell suspension from 4-5

mice was collected into siliconed centrifuge tubes standing

in/
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in ice and water. These were centrifuged at 1000 rpm

for 10 minutes at cold-room temperature, (about 4°C).
After decanting the 3aline, the cells were re-suspended

in cold (4°C) fixative consisting of two part3 of I per

cant, osmium tetroxide and I part of 2.5 per cent,

glutaraldehyde both in O.Ei cacodylate buffer (pH 7*4)
and fixed for 15 to 50 minutes, standing in ice and water.

The cells were centrifuged at 1000 rpm. After the

fixative was decanted, they were washed in saline (pH

7.4), re-suspended in 0.25 per cent, uranyl acetate in

acetate buffer (pH 6.2) at 4°C and left to 'post-fix* for

15 minutes standing in ice arid water. The cells were

centrlfuged at 1000 rpa, resuspendad in saline, centri¬

fuged again and the saline decanted. The cell pellet

was warmed in a water bath at 60 0 and mixed with 1.5 per

cent, agar at the same temperature. The tubes were then

transferred quickly to a beach centrifuge and centrifuged

at 4-5000 rpa for 5 minutes. The tubes were placed in

a refrigerator for several minutes to allow the agar to

solidify, after which 70 per cent, alcohol was poured

into the tubes; after 5 minutes the agar was removed

using a small spatula. The oell pellet was separated

from the remainder of the agar, diced to the usual size,

processed through graded alcohols and embedded in Araldite

or Cpon.

The following modifications were made in order to

reduce the volume of fluid and to obtain more compact

cell pellets. The peritoneal lavage was carried out

using T.O. 199 (Burroughs Wellcome and Company).

Gentrifuging/
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Gentrifuging unfixed cell suspensions was omitted, The

peritoneal cells in T.G. 199 were mixed immediately with

a large excess of fixative. Instead of performing

peritoneal lavage using separate amounts of medium 199

for each mouse, the following procedure was adopted.

The first mouse was injected with 4 ml. T.G. 199» 3 ml.

was withdrawn, made up to 4 ml. in the syringe with

fresh T.G. 199 and injected into the second mouse,

repeating as necessary to obtain sufficient cells. The

metnod of preparing agar blocks was changed to that

devised by Gowans (1973). The cell pellet obtained

after fixing and washing the cells was mixed with about

I ml. of O.IM cacodylate buffer (pH 7.4) in the centri¬

fuge tube .and transferred to Dreyer• s tubes. These were

centrifuged at 250 g. for 5 minutes and the supernatant

was pipetted off. The tubes were then placed in a 60°G
water bath for one minute. Using a capillary tube with

internal diameter of 1.5 mm. fitted with a capillary

teat, pre-warmed (60°C) 4 per cent, agar was sucked up

into the tube to a level I-I.5 cm. from the open end of

the tube. The agar was then mixed quickly with the cells

in a Dreyer*s tube and the mixture was sucked back into

the capillary tube. After leaving for a few minutes to

solidify, the cell and agar mixture was squeezed out on

to a glass or plastic surface and cut into blocks to be

processed through graded alcohols and embedded in Epon.

Cytochemical Study.

Peritoneal cells, harvested and washed in saline,

(pH 7.4),/
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CpH 7*4), were fixed in I#5 per cent, glutaraldshyde in

Q.IM cacodylate buffer (pd 7.4) for IJ minutes in

siliconed centrifuge tubes. They were washed in saline

(pil 7*4) and then incubated at 57°0 in an incubation

medium (pd 9) for the demonstration of peroxidase

activity according to the method of Novikoff and dold-

fischer (1969). Controls were obtained by incubating

the cells in medium lacking hyorogea peroxide.

The complete incub*tion medium consisted of;

- 20 mg. diaminobenzidine tetrahydrochloride.
- 9.8 ml. Q. 05M 2-amino 2-metbyl - 1.3 propanediol
(0.525 g. per 100 ml. distilled water, pH 10).

- 0.2 ml I per cent, hydrogen peroxide.

The cells were washed in saline, centrifuged and

post-fixed in I per cant, osmium tetroxide in 0.L4

oaeodylate buffer (pH 7.4) for 10 minutes at 4°0. The

cells were pelleted in agar, processed through graded

alcohols and embedded in upon.

Materials and metaod3 for the phase contrast observation
of mouse peritoneal cells in short term cultures

animalss

Male, Tuck*s T 0 strain mice, weighing 16 to 24 g.

Intraperitoneal injections:

Lipid emulsions, prepared as described previously,

were used for the intraperitoneal injections. The

following doses of the lipids were used:

cholesterol oleate - 30 mg. or 60 mg«

eth/1 palaitate - 15 mg. or 30 mg.

tricaprin - 20 mg.

Mice/
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Mice injected, intraperitoneally with I per cent. Tween

20 in 5 per cent, dextrose water 24 hours previously

and untreated mice were used to provide control peri¬

toneal cells.

Harvesting of peritoneal cells (Davidson, 1967)

Mice were killed by cervical dislocation, thorough¬

ly swabbed with 70 per cent, alcohol and then the pelt

was retracted to expose the abdominal wall. The mice

were laid on sterile paper towels and 4 ml. of T.C. 199

warmed to 37°0» was injected into the peritoneal sac

in the mid-anterior line. The medium contained 200 i.u.

penicillin, IOO^g streptomycin and 5 i.u. heparin (Evans
Medical Ltd.) per ml. After injecting the mice, they

were held by the thighs and gently shaken from side to

side to loosen the peritoneal cells. The medium was

then withdrawn by inserting a 21 gauge needle attached

to a syringe into the midline anteriorly or into the

right flank. The needle was pulled to tent the abdominal

wall and the pool of cell-rich medium was gently aspirat¬

ed into the syringe. The fluid from 3-4 mice was

transferred to a sterile measuring cylinder. The cell

count was calculated using a haemocytometer and was

adjusted to 0.5 x IO6 per ml. with T.C. 199 and pooled

human serum so that there was a final concentration of

10 per cent, serum in the medium.

Serum:

Pooled human serum was obtained from the Edinburgh

and South-Sast Regional Blood Transfusion Service. This

serum was group 0 and had been stored for several weeks
in/
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in Universal containers in a deep freezer so that its

complement activity was minimal. Before using, the

serum was warmed to 37°C and. after use the sample was

stored at 4°C before re-using.

Chamber Culture technique:

The culture chambers consisted of an oblong of

perspex measuring 7*6 cm. x 2»5 cm. x 0.15 cm. with a

circular hole in the middle measuring 1.25 cm. in

diameter. The hole was covered on one side with a cover

slip and sealed with silicone grease. The chambers and

extra cover 3lips were sterilised by exposure to a U.V.

light overnight. The chamber was filled with about 0.5

ml. (0.25 x 10 cells) peritoneal cell suspension using

a sterile Pasteur pipette and was then covered with a

sterile cover slip which was not sealed on to the per¬

spex. Care was taken not to leave air bubbles in the

chamber. Chambers not being examined immediately were

stored in a moist box in an incubator at 37°U.
Preparation of haemolysin-treated erythrocytes.

Fresh group 0 RH -ve erythrocytes were obtained

from a single donor. They were washed thrice in sterile

0.85 pei' cent saline by centx'ifuging at 1000 rpm and

re-suspending in fresh saline. An equal volume of 1/100

saline dilution of rabbit, anti-human erythrocyte anti¬

serum was added and the suspension was incubated at 37°C
for 30 minutes. The cells were then washed in sterile

saline and re-suspended in T.C. 199 and. 10 per cent,

pooled human serum so that a final cell count of 5«0 x
g

10 per ml. erythrocytes was obtained. This count was

arrived/
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arrived at as a result of pilot studies which, had shown

that higher concentrations of erythrocytes, when added

to the cultures, tended to disturb the phase contrast

for too long.

The treated erythrocytes were added to the peri¬

toneal cell cultures by gently removing the top cover

slip, then aspirating 0.2 ml. medium from the chamber

and replacing it with 0.2 ml. of the erythrocyte sus¬

pension using separate Pasteur pipettes for each oper-
g

ation. By this means about I x 10 erythrocytes were

added to the chamber cultures.

Phase contrast and time-lapse cine-photographic equipment.

Microscope:

Wild M-40 inverted microscope fitted with a warm

stage. The illumination of the specimen by a quartz-

halide lamp was controlled by an external magnetic

shutter.

Camera:

Bolex H-I6, reflex, cine-camera was attached to the

camera tube fitted to the side of the microscope. The

camera shutter was operated by a separate, externally

mounted electric motor.

Lenses and filters:

120 and X40 phase objectives, XIO photo lens, UV

and heat filters were used for filming.

Control Unit:

The magnetic shutter, camera shutter motor and time-

lapse between frames were automatically controlled by an

electronic/
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electronic control unit. The magnetic abutter could

also be manually operated to allow observation of the

specimen between frames so that focussing adjustments

could be made.

Filmingj

Kodak TriX reversal film in 100 ft. lengths was

used throughout* The control unit was set to

'continuous* (approx. 2 frames/second) when filming the

settling )f cells on glass and whan filming phagocytosis

of erythrocytes* luring this operation it was necessary

to observe the specimen continuously and to make frequent

focussing adjustments. For other purposes, time lapses

of 5 ov 10 sec. were selected. It was then necessary

to adjust the focus between frames frequently, by

operating the magnetic shutter manual control in order

to view the specimen.

Editing the iilm:

In most of trie phase contrast studies, several

topics were included in the 100 ft. lengths of reversal

film. To obtain a coherent film for analysis and

projection it was necessary to edit the film. This

was achieved using a hand operated 16 mm. film editor

N for selecting the required sequences. Captions were

typed onto Xerox paper (which does not have a water

mark) using an electric typewriter, fitted with a real

of plastic ribooa to obtain uniformly dense type. These

wore photographed onto negative cine-film, using

facilities provided by the Film Unit, Department of

Animal Genetics, University of Edinburgh, .then projected,

these/



-52-

these captions appear as white lettering on a black or

dark grey background.

It was convenient not to prepare the available

film as a single reel when used to project to an audience.

In practice it was found that a film measuring 400-500 ft.

in length, projected at 24 frames per second and, there¬

fore, having a running time of 12-15 minutes, gave an

acceptable result. In vievv of this, two films were made,

each of about this length, so that they could be used

for projection. These films were also used to analyse

and describe events and to select frames for copying

as positive prints. For this purpose the hand operated

editor was found to be satisfactory. Making the prints

from reversal film necessitated cutting out the required

frames and then preparing negatives from which the prints

were made. This was carried out with the assistance of

the Department of Medical Photography, University of

Edinburgh.

Materials and Methods for the Immuno-c.ytoadherence and
Radio-Labelled Sheep Erythrocyte Pis tribution and
Clearance studies.

Animals:

Male LACA mice weighing 16 to 24 g.

Solutions and Media:

White cell diluting fluid was made with I ml. of

I per cent, gentian violet mixed with I ml. glacial

acetic acid in 98 ml. distilled water (whitby and

Britton, 1957)* Tissue culture medium 199 was obtained

from Burroughs welcome Ltd.

Lipid Emulsions:/
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Lipid Emulsions: 'Pliese were prepared as previously

described and injected intravenously into a tail vein,

in the following doses:

Oholesterol oleate 60 mg.

Ethyl palmitate 90 mg.

Glyceryl tricaprate 20 mg.

Antigen:

Sheep red blood cells were used either as a 10 per

cent. V/V or a 2.5 per cent. V/V suspension in saline.

These concentrations yielded cell counts of approximately
Q Q

10 x 10 /ml. and 2.5 x 10 /ml. respectively. For the

iiamuno-cytoadherence technique, formolised sheep erythro¬

cytes from Burroughs Wellcome Ltd., were used. Sheep

erythrocytes from Oxoid Ltd., were used where radio-

chromium-5I (^*Cr) labelling was employed. Pilot studies

had shown that the efficiency of labelling was higher

with the Oxoid defibrinated cells than with the Burroughs

Wellcome formolised cells.

Erythrocyte Injections:

For the immuno-cytoadherence studies, mice were

injected intravenously with 0.1 ml. of either the 10

per cent, or the 2.5 per cent, suspension of formolised

red cells, 24 hours after the injection of lipid

emulsion. For the -^Cr - labelled erythrocyte distribu¬

tion and clearance studies, either the 10 per cent, or

the 2.5 per cent, suspension of labelled, defibrinated

cells was injected intravenously 24 hours after the

lipid emulsion injection.

Cell Counts:/
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Gall Counts;

These were calculated U3ing an Improved Neubauer

Haemocytometer and rod and white cell pipettes as

appropriate.

5*Cr Labelling;
51^ Cr-sodium chrociate was obtained as a solution

from the Department of Medical Physics, Royal Infirmary,

Edinburgh.

The erythrocytes, washed in saline and prepared

as a packed suspension, were incubated in this solution

at room temperature for two hours# A concentration of

500/(.ci per ml. of packed cells was employed#
51

Distribution of ^ Cr-labelled sheep erythrocytes;

Untreated mice and mice injected with the lipids

24 hours previously, were injected intravenously with
51

0#I ml# of the 10 per cent, or 2.5 per cent. ^ Cr-

labelled erythrocyte suspensions, with the 10 per cent,

suspension, mice were killed at intervals of I hour,

4 hours, I day, 5 days, 6 days and 8 days alter the

erythrocyte injection, with the 2.5 P©r cent# suspension

intervals of I hour, 4 hours, I day and 5 days were

selected. The following organs were excised and placed

in plastic containers: liver, spleen, both lungs,

kianeys and femurs, inguinal, axillary, mesenteric,

para-renal and para-aortic lymph nodes and 0.1 ml.

blood obtained from the retro-orbital plexus before

killing the mouse. The gamma emission in these samples

was measured in a Gamma Guard counter, for collating

the distribution results, counts per second for every

sample/
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sample were expressed as a percentage of the mean count

obtained from 0.1 ml. samples of the relevant erythro¬

cyte suspension, after subtracting the background count.

The clearance of -^Cr-labelled sheep erythrocytes from
the bloods

Clearance rates were measured in the following way.

0.1 ml. of the 10 per cent, or the 2.5 per cent, labelled

erythrocytes were injected intravenously, 24 hours after

lipid injection. At intervals of 2, 4, 6, 8 and 10

minutes after the erythrocyte injection, 0.025 ml. samples

of blood were withdrawn from the retro-orbital plexus

using a graduated pipette.

The gamma-emission of all samples was measured. The

results were expressed as counts per second and were

converted to logarithms (base 10) and graphed against

time. The resultant straight line was the rate of

clearance and is referred to as KTrorJlU/U

Immuno-cytoadherence (rosette) technique:

The method used was based on that described by Uota

et al. (1964). Cell suspensions were obtained from the

spleen and from an aggregate of inguinal, axillary,

mesenteric, para-renal and para-aortic lymph nodes,

iiiach mouse thus provided two suspensions prepared by

grinding the tissues in a hand homogeniser (clearance

1/64 inch) in cold (4°C) T.C. 199* Gach suspension was

strained through stainless-steel mesh (200 mesh, United

mire Works, Granton). A single cell suspension was made

by transferring the suspension in and out of a syringe

fitted with a 21 gauge needle a few times. The

suspension/
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suspension was put into a centrifuge tube and the

volume was made up to 10 ml. with T.C. 199* The cells

were washed twice with T.C. 199 for 10 minutes in a

refrigerated centrifuge (MSiS Mistral 6L) at 200 g.

They were resuspended in a small volume of T.C. 199

and counted in a haemocytometer. A volume containing
6

6 x 10 cells was put in a siliconed Wasserman tube
g

and 24 x 10 erythrocytes were added. The mixture was

made up to 2 ml. with T.C. I99« The tube was stoppered

and incubated at 4°C overnight.

After incubation, the cells were resuspended by

rotating for 10 minutes on a turn-table at 16 rpm.
2

Rosettes were counted in the 9 nun. ruled area of an

Improved Neubauer Haemocytometer. Rosettes that were

included in the count had five or more erythrocytes

attached to all four quadrants of the leucocyte. Polar

rosettes and rosettes containing more than one leucocyte

were excluded from the count. The leucocyte concentra¬

tion in each sample was counted and the number of

rosettes per 1000 leucocytes was calculated as follows:

N° of rosettes x 10

N° of leucocytes/ml. x 9

Because of the low count of spontaneous rosettes
2

in the untreated mice, a 56 mm. area was counted and

the appropriate adjustment made to the calculation.

The volume of the spleen suspension obtained after

washing was measured ana from this, ana the count of

rosettes per 1000 leucocytes, an estimate of the rosette

count/
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count per spleen was made.

Measurement of tritiated thymidine uptake by spleen and
bone marrow,

Male LACA mice injected intravenously with 60 mg.

cholesterol oleate and untreated mice were injected

intravenously with 10/^ ci tritiated thymidine (supplied
as an aqueous solution by the Department of Medical

Physics, Royal Infirmary, Edinburgh). All mice were

killed 18 hours after the injection of tritiated thymidine.

Unwashed spleen and bone marrow cell suspensions were
s- *

sent to the Department of Medical Physics for prepar¬

ation and scintillation counting. Results were expressed

as nanocuries per sample.

Bone marrow cell suspensions were obtained by

washing cells out of two femurs from each mouse with

T.C. 199, using a I ml. syringe fitted with a 26 gauge
—

. >

needle. Spleen cell suspensions were performed by

grounding the tissue in a hand homogeniser in T.G. 199

and then straining through a wire mesh. Cell counts

were estimated using unwashed cell suspensions prepared

as a single cell suspension using a syringe.

Autoradiography.

Splenic bone marrow and liver tissue from cholesterol

oleate treated and untreated mice injected with I0yU.ci
tritiated thymidine were fixed in 10 per cent, buffered

formalin, processed routinely and embedded in paraffin

wax. Sections mounted on albuminised slides were de-

waxed and taken back to water. The emulsion used was

Ilford 1A prepared by melting and mixing with an equal

volume/
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volume of distilled water -and kept in a water bath at

40°C. The sections mounted on glass slides were diped

in the emulsion at least four times, placed in a rack

(with the sections all facing the same way) which was

placed in a light proof box into which a stream of warm

air from a hair dryer was blown to dry the sections.

The dry slides were wrapped in black polythene and put

in a container which was then sealed. After exposure

of 21 days the preparations were developed in ID II,

diluted I in 4 in distilled water for 8 minutes, washed

in water, fixed in Ilfofix (I in 5) i& distilled water

for 10-15 minutes, washed in water and stained with

layer's haemalum, dehydrated, cleared and mounted in

D.P.X.
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General rlan of the Jxperlments

Studies of the microscopic changes in the liver and
spleen of mice treated with Tricaprin, ilithyl Palmitate

and Cholesterol Qleate.

Tricaprin treatment:

Sight Puck's T 0 mice were injected intravenously

with 20 mg. tricaprin. me mice tolerated this dose very

well and remained alert and active with sleek: coats

thereafter; after 48 hours, four were killed.

Four untreated mice, and four of the mice injected

with tricaprin 48 hours previously were injected with

colloidal carbon. After 15 minutes, the mice were killed.

Samples of liver and spleen were fixed and processed for

embedding in paraffin wax. Tissue, sequentially,

immersion fixed was processed for embedding in itraldite.

Four untreated Tuck's T 0 mice were used to provide

control tiasue, fixed and processed in the same ways.

Four Swiss mice were injected intravenously with

20 mg. tricaprin. After 48 hours, perfusion fixation

of the liver and spleen was carried out on these and

four untreated Swiss mice. The tissues were processed

for embedding in Apon.

altbyl Palmitate Treatment.

Oroups of Tuck's T 0 mice were injected intra¬

venously with 120 mg. ethyl palmitate. Most of i;he mice

tolerated this dose moderately well, but tended to

remain quiescent with x'oughenad coats for several hours

afterwards. Out of the 64 mice treated with this dose,

15 died, usually immediately after the injection and all

within/
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within 6 hours*

Groups of 4-5 mice were killed at intervals of

30 minutes, I hour, 4 hours, I day, 2 days, 3 days and

5 days afterwards*

Groups of four mice injected with the lipid 24

hours, 48 hours, 72 hours and 5 days previously were

injected intravenously with colloidal carbon and killed

15 minutes or 24 hours afterwards* Pairs of untreated

Tuck's mice and Tuck's mice injected with colloidal

carbon and killed 15 minutes or 24 hours later were

used to provide control tissues*

Samples of liver and spleen from all groups of

mice were fixed and processed for embedding in paraffin

wax* Other samples were sequentially fixed and processed

for embedding in Aralaite* Samples were also frozen with

brycold and cryostat sections were stained with Sudan IV*

LACA mice were injected with the equivalent of

90 mg. ethyl palmitate* These mice when they weighed

under 20 g* did not tolerate even this dose as well as

the Tuck's mice injected with the larger dose of lipid*

Mice weighing 20-24 g* were, therefore, selected for

this treatment* Mice of that weight suffered about

the same mortality as that incurred by the 'Tuck's mice*

At intervals of 24 hours, 4 days, 7 days, 10 days,

13 days and 16 days after the injection of the lipid,

pairs of mice were unaesthetised and their liver and

spleen were perfusion fixed* Samples of liver and

spleen were processed fox embedding in paraffin wax*

Other/



Other 3amples were post-fixed in osmium tetroxide and

processed for embedding in 3pon.

Six untreated LACA mice provided control tissues

fixed and processed in the same way.

Cholesterol Oleate Treatment.

Groups of four Tuck*a T 0 mice were injected

intravenously with 30 mg. 60 mg. and 90 mg. of choles¬

terol oleate. The 60 ag. and 90 mg. group received

either two or three injections of the 30 nig preparation

at intervals of 24 hour3. A few mice died immediately

after the first injection! mortality was no higher

in mice receiving multiple injections.

The tAo 30 mg. groups were killed 4 hours and 24

hours after the lipid injection. The 60 mg. and 90 mg.

groups were killed 24 hours after the last lipid

injection.

Equivalent numbers of mice injected with 30 mg.

60 mg. and 90 iag. of cholesterol olaate were injected

intravenously with colloidal carbon. The 39 mg# groups

were injected 4 hours and 24 hours after the lipid

treatment. The 60 and 90 mg. groups were injected 24

hours after the lipid treatment. All groups were killed

30 minutes after the carbon injection.

Mice were injected with 30 nig. cholesterol oleate;

24 hours afterward3, these and untreated mice were

injected v/ith colloidal carbon. Pairs of lipid treated

and untreated mice were killed at intervals of 15 minutes,

30 minutes, 2 hours, 6 hours and 24 hours after the

injection/
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injection of carbon.

Samples of liver and spleen from the untreated

mice and mice injected with 30 mg., 60 mg. and 90 mg.

of the lipid, with and without the carbon injection,

were frozen with Drycold (I.G.I.) and cryostat sections

were 3tainad with Sudan IV. Samples of liver and spleen

from all the mice were fixed and processed for embedding

in paraffin wax. Other samples were sequentially fixed

and processed for embedding in Araldite.

Twelve LACA mice were injected with a single dose

of 60 mg. cholesterol oleate. At intervals of 24 hours,

4 day3, 7 days, 10 days, 13 days and 16 days afterwards,

the mice were anaesthetised and perfusion fixation of

the liver and spleen carried out. Samples of liver

and 3pleen were processed for embedding in Lpon. Other

samples of liver and spleen perfused with glutaraldehyde

were processed for embedding in paraffin wax. Six

untreated mice provided control tissues fixed and

processed in the same ways.

Carbon clearance tests were performed on four

Tuck's T 0 mice injected with 30 mg. cholesterol oleate

24 hours previously and on four untreated Tuck's mice.

"Carbon clearance tests were also performed on

four LACA mice, treated with a single dose of 60 mg.

cholesterol oleate, and on four untreated LACA mice.

These mice were killed 15 minutes after the injection

of carbon and samples of livor and spleen were fixed

and processed for embedding in paraffin wax and in

Araldite.
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dlectron Microscopic Ctudy of Peritoneal Cell .uspansion.

Ten male 3wiss mice were injected. Intraperitoneally

with either 20 ag. tricaprin or 0.2 ml. Tween 20 in

5 per cent, dextrose-water. Peritoneal cells from these

mice and from five untreated Swiss mice were harvested,

fixed and processed for embedding in gpon using the

iiirsch-i? edorko method#

Peritoneal cell suspensions *»ere harvested from

five untreated Tuck's T 0 mice using T.C# 199 and

processed for embedding in dpon using the modified

Hirsch-Fedorko method and Cowan's method for pelleting

the colls•

Cytochemical itudy of Peritoneal Cell suspensions.

Twenty male 0-20 mice were injected intraperitoneally

with 20 mg# tricaprin, or 0#2 ml. I per cent fween 20

in 5 par cent, dextrose water. Peritoneal cells from

these mice and ten untreated mice were harvested with

saline (pxi 7*4)» fixed in 1.5 per cent, glutaraldehyde

in O.IM cacodylate buffer (pH 7*4) and washed in saline.

Half of the cells from each group were incubated for

I hour in the medium for the demonstration of peroxidase

activity. The other half of the cell harvest provided

control cells from each group which were incubated in a

mixture from which the hydrogen peroxide had bean excluded.

Cells washed in saline and post-fixed in I per cent, osmium

totroxide were processed for embedding in dpon according

to the Hirsch-Fedorko procedure.

preparation of kosette3 for Klectron microscopic
examination.

kosettes formed by sheep erythrocytes and spleen cell

suspensions/
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suspensions derived from pairs of untreated and choles¬

terol oleate pre-treated IAGA mice, injected with sheep

red cells 6 days previously, were prepared for electron

microscopic examination using the modified iiirsch-Fedorko

technique and the Gowan* s pelleting method*

Phase Gontrast Studies of lipid Treated Tween 20 Treated
and Untreated Peritoneal Cells in Chamber Cultures*

Multiple groups of three or four Tuck's mice were

injected intraperltoneally with 0.2 ml. Tween 20 in 5 per

cent, dextrose water, 20 mg. tricaprin, 30 mg. or 60 mg.

cholesterol oleate or 15 or 30 mg. ethyl palmitate, all

administered as a single dose. Peritoneal cells from

these mice and three or four untreated mice were harvested

24 hours later and chamber cultures were prepared with

0.5 x I0S cells per ml. of T.C. 199 and 10 per cent,

human serum. Several groups of untreated, lipid treated

and Tween 20 treated mice were used for each experiment.

when cultures were prepared for observing the

earliest period of cells in culture, about three minutes

elapsed from the time of preparation until the phase

contrast had changed sufficiently to allow filming.

(during the first few minutes, cells floating in the

field of view tended to abolish the contrast). The

settling of cells on the glass and the initial period

of cell spreading were filmed at 2 frames per second.

Thereafter, time lapse settings of 5 seconds or 10

seconds were used throughout. Most cultures were viewed

and filmed at intervals during the first eight hours.

Parallel/
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Parallel cultures stored in a moist box in an incubator

at 37°0 were observed at 24 hours and sequences of film

were taken as required.

When preparing to film erythrophagocytosis, stored

cultures were selected three hours or 24 hours after

their preparation. After the addition of the erythro¬

cytes, it was possible to start filming about three

minutes later, when the phase contrast had been restored

to normal. Filming of erythrophagocytosis was carried

out at 2 frames per second. The speed of the initial

events usually necessitated selecting cells for obser¬

vation at random.

Iamuno-cytoadherence Studies.

Before definitive experiments were designed, a

large scale feasibility study was carried out. Groups

of LACA mice were Injected intravenously with 20 mg.

tricaprin, 90 mg. ethyl palmitate nd 60 mg. cholesterol

oleate. 24 hours afterwards, these mice and untreated

mice were injected intravenously with 0.1 ml., 10 per

cent, suspension of formelised sheep erythrocytes. At

intervals of 3» 6, 9, 12 and 15 days after this injection,

groups of mice were killed and suspensions of spleen and

lymph node cells were prepared and incubated with sheep

erythrocytes at 4°0 overnight. Rosette and cell counts

were calculated for every interval and the results

collated.

On the basis of this study, definitive experiments

using two jifferent concentrations of antigen were

designed./
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designed. These experiments were performed using the

same dose3 of the lipids and the same time intervals as

in the feasibility study. The formolised sheep erythro¬

cytes were injected 24 hours after trie lipid treatment.

j?or one experiment, Q.I ml. of the 10 per cent, erythro-
s

cyte suspension was used (about 10 cells). For the

other experiment, 0.1 ml. of the 2.5 per cent, suspen¬

sion was used, (about 2.5 x 10^ cells). LACA mice

receiving neither lipid treatment nor erythrocyte

injections were used to prepare spleen and lymph node

suspensions for estimating spontaneous rosette format¬

ion with sheep erythrocytes. Rosette and cell counts

and volumes of spleen cell suspensions were calculated

and the results collated.

In these experiments an attempt was made to include

at least eight mice in each group, but the limited supply

of LACA mice and occasional deaths reduced the size of

some of the groups.

51^ Or-labelled Jheep iSrythrocyte Distribution dtudies.

Groups of LaCA mice were injected intravenously

with 20 mg. tricaprin, 90 mg. ethyl palmitate or 60 rng.

cholesterol oleate. 24 hours Jtterwards these and

untreated mice were injected with either 0.1 ml. of a

10 per cent, suspension or 0.1 ml. of a 2.5 per cent,

suspension of -^Cr-labelled erythrocytes. ;*fter the

injection of the 10 per cent, suspension the mice were

killed at intervals of I hour, 4 hours, I day, 3 days,

6 days and 8 days. After the injection of the 2.5 per

cent./
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cent. suspension, they were killed at I hour, 4 hours,

I day and 3 day intervals. The following tissues were

excised and sent for measurement of the gamma emission:

liver, spleen, both lungs, both kidneys, both femurs,

inguinal, axillary, mesenteric, para-renal and para¬

aortic lymph nodes. 0.1 ml. of blood was obtained for

measurement from the retro-orbital plexus before the

mice were killed.
*

51
Gr-labelled Sheep ^irythrocyte Clearance Studies.

Groups of LACA mice treated with the same doses

of the three lipids as in the distribution studies were

injected intravenously 24 hours afterwards with either

0.1 ml. of the 10 per cent. -^Cr-labelled erythrocyte

suspension or 0.1 ml. of the 2.5 per cent. ^Cr-labelled
suspension. At intervals of 2, 4, 6, 8 and 10 minutes

afterwards, samples of 0.025 «il. blood were ta&en from

the retro-orbital plexus and sent for measurement of

gamma emission. The counts per second for each sample

were converted to logarithms (base 10) and plotted against

time. The slope of the result nt straight line is a

measure of the rate of clearance of labelled erythrocytes

from the blood.

In the clearance and distribution studies, the

experiments were designed to include four mice in each

group, but for the reasons mentioned above, the numbers

of mice in some groups were reduced below this level.

itudies of the effect of Cholesterol Oleate on the

splenic weight, cell count and Tritlated Thymidine
Uptake.

Two/
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Two experiments were conducted. In the first

experiment, male LAGA mice with a mean weight of 27 g»

were used. These mice were older than those generally

used in the present studies.

deventeen untreated mice were used as controls,

eighteen mice were injected intravenously with 60 mg.

cholesterol oleate, At daily intervals from one to

four days sifter this injection, four or six mice lipid

treated were killed, eighteen hours before killing,

all the mice were injected intravenously with I0y*ci
tritiated thymidine. After killing, the body weight

and splenic weight, cell count and tritiated thymidine

uptake were measured.

In the second experiment male LACA mice weighing

16-24 g. were used. These mice were of a similar age

and weight range as those generally used.

Twenty four mice were injected intravenously with

60 rng. cholesterol oleate. At daily intervals, from

one to six days, four mice were killed, having been

injected Id hours pr.viously with 10/U.ci tritiated

thymidine. Gix previously untreated mice injected with

the same dose of tritiated thymidine were used as

controls. The total splenic cell count and femoral

bone marrow cell count and the tritiated thymidine

uptake by these tissues were measured*

Auto-radiographic study of the distribution of labelled
cells in the spleen and liver of cholesterol oleate
treated mice.

Samples of liver, spleen and bone marrow were

obtained/
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obtained from four untreated mice intravenous ly injected

18 hours before killing *.ith 10^<ci tritiated thymidine.
Pairs of nice were killed at intervals from two

to four days after the injection of a single dose of

60 mg. cholesterol oleate. Eighteen hours before

Killing, 10/Aoi tritiated thymidine was injected.
The samples of tissue were fixed in 10 per cent,

phosphate buffered formalin and paraffin sections were

prepared for auto-radiography as described previously.
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rhe microscopic Appearance of th^ Ce 1 s Lining the
Liver linusoida in Untreated, and Lipid Treated Lice

Untreated Liice

Light microscopic examination of I thick sections

showed that the cells lining the sinusoids could be

easily distinguished from hepatocytes, but that the

various cell types could not be identified with certainty.

electron microscopic examination of livers fixed

by perfusion showed that a large majority of the cells

in the walls of the sinusoids could be classified into

three main types and two subsidiary types, according to

the criteria described by Ito and dhibasaki (1968),
Wisse and Laems (1970, a,b) and wisse (1970, 1972).

The three main types were: endothelial cells,

Kupffer cells and perisinusoidal cells.

The endothelial cells had a high nucleo-cytoolasmic

ratio and were characterised by their attenuated,

fenestrated cytoplasm arising by an abrupt transition

from the perikaryon (Fig. I)# dome of the endothelial

cells, mainly in the small sinusoids had less attenuated

cytoplasm, but segments showing fenestrae were present.

The fenestrae measured about O.I/tin diameter and were

regularly spaced, in livers fixed by perfusion! in

livers fixed by immersion, the fenestrae were Larger

and more irregularly spaced. The luminal surface of

the endothelial cells was smooth and did not give off

any flap-like processes. In the cytoplasm, few, dense,

lyso3ome-like bodies were present and phagosomes were

rare. Bristle-coated micro-pinocytotic vesicles were

evident/
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Figure I. Untreated Liver
An endothelial cell showing the abrupt
transition between the perikaryon and
the fenestrated endothelium. A monocyte
lies against the endothelium cell.
Perfusion fixed, iipon embedded, stained
with uranyl acetate and lead citrate.

X 6,500.
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evident close to the cell membrane on the luminal

surface and on the surface facing Disse*s space. A

few rough endoplasmic reticulum profiles were present

in the perikaryon and often a single Golgi complex

could be found.

The Kupffer cells were generally larger than

endothelial cells, but this was not always apparent

unless several planes of section were examined. The

outline of the cells tended to be irregular and flap-

like processes projected from the cell sui'face (Fig. 2).

Short processes were often given off to meet with or

ovarlap adjacent endothelial cells. Fenestras were not

found in these processes. A characteristic feature in

the Kupffer cells was the presence of moderate numbers

of electron dense, lysosome-like bodies in the cytoplasm.

Usually no more than about twenty such bodies were found

in a single plane of section. Most other cytoplasmic

organelles were more numerous in Kupffer cells than in

endothelial cells and several violgi complexes could often

be found. Bristle-coated vesicles were uncommon. Kupffer

cells were situated on top of the endothelium, extending

processes through endothelial fenestras, or they were

interposed between endothelial cells. A few Kupffer cells

were apparently wholely within Disse^ space, in this

site they had to be distinguished from perisinusoidal

cells.

The perisinusoidal cells, otherwise termed; fat-

storing cells, Fettspeicherungszellen, adventitial cells

or/
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Figure 2. Untreated Liver
A Kupffer cell showing flap-like surface
projections. The neighbouring endothelial
cell surface is smoother. A group of lysosome
like granules is situated below the nucleus
of the Kupffer cell. Perfusion fixed, Bpon
embedded, stained with uranyl acetate and lead
citrate.

X 6,500.
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or Bindegewebszellen (Ito and Ghibasaki, 1968) were

easily recognised in livers fixed by perfusion (Fig. 3).

They were characterised by their perisinusoidal situation

ana the presence of numerous dilated rough i2.fi. profiles

containing moderately electron dense, slightly floecular

material. Most sections showed one, or occasionally

more, moderately large vacuoles, limited by a single

membrane and containing osmiophilic fat. In general,

these cells made a smooth line of contact with adjacent

hepatocytas, few hepatocytic villi being in contact with

the perisinusoidal cells. Processes from these cell3

spread out under the endothelial cells within Disse's

space, sometimes associated with collagen bundles.
■1

The two subsidiary cell types included monocytes,

that were closely applied to the endothelium in places,

possibly destined, to be transformed into Kupffer cells

(Pig. I). These cells were relatively numerous, the

fifth cell type was rare in this material. This cell

was of an indeterminate type, but was characterised by

polarisation of almost all its cytoplasmic organelles

at one end of the cell. Cells of a similar type have

been described as being common in rat livers fixed by

perfusion, (wisse, 197C). Features that have bean

described in hepatic sinusoid-lining cells, but that

were not identified in this material were: Firstly,

the worm-like structures described by Torb et al.(I96fi)

in Kupffer cells and termed "micropinocytosis vermiformis"

by Matter et al. (1968), and secondly the "sphaeridion"

stated/
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Figure 3# Untreated Liver

A perisinusoidal cell of Ito showing the
characteristic rough endoplasmic reticulum
and a solitary fat vacuole to the left of
the nucleus. .Perfusion fixed, Kpon embedded
stained wiidi uranyl acetate and lead citrate.

X 9,750.
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stated to be a characteristic intranuclear structure

in endothelial cells by Biittner and Horstmann(I967) •

Tricaprin Treated Mice

Examination of paraffin sections showed that many

cells in the sinusoids were larger than corresponding

cells in untreated mice. This impression was confirmed

in a blind study by an independent observer (Br A.E.

Stuart). Examination of I/u thick sections of liver
tissue fixed by perfusion showed that these large cells

contained cytoplasmic granules that were more numerous

than granules seen in some of the sinusoidal cells in

untreated mice.

Electron microscopic examination showed that the

perisinusoidal cells and monocytes in the sinusoids were

apparently unaffected by the treatment. Endothelial

cells were usually unaffected by the treatment, but some

showed several dense, lysosome-like bodies in their

cytoplasm in excess of the number found in any endothelial

cells in untreated mice. Many Kupffer cells on the other

hand, were enlarged and often straddled the sinusoid

(Pig. 4). Almost all the cytoplasmic organelles tended

to be more numerous and there were many more dense,

lysosome-like granules than in the generality of Kupffer

cells in untreated mice. Most of these granules

resembled primary lysosomes but, in addition, there were

some secondary lysosomes or phagosomes containing material

of variegated electron density (Pig. 5)* Unequivocal

lipid vacuoles were not identified in Kupffer cells,

although/
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Figure 4. Tricaprin Treated Liver

An enlarged Kupffer cell straddling a
sinusoid. The cytoplasm contains
numerous lysosome-like granules.
Perfusion fixed, ifipon embedded, stained
with uranyl acetate and lead citrate.

X 4,500.
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Figure 5* Fricaprin Treated Liver
A Kupffer cell allowing small phagosomes
containing material of variegated electron
density. Ferfusion fixed, dpon embedded,
stained with uranyl acetate and lead citrate.

i 4,500.
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although, some of the phagosomes mi0ht have contained

ssu.ll amounts of lipid admixed with lysosomal material.
The surface of the Kupffor cells facing the lumen of the

sinusoid showed cytoplasmic processes that were neither

more numerous nor any larger than those found in the

Kupffer cell3 of untreated mice.

^thvl Palmitata Treated aice.

Up to 4 hours after the injection of the lipid,

there was little change in the light microscopic appear¬

ance of the liver. About this time, largo numbers of

polymorphonuclear leucocytes appeared in the sinusoias.

Twenty four hours after the injection, the number of

polyaiorpnonuclear leucocytes was considerably less, and

in some mice small scattered foci of hepatocellular

necrosis were present. At this time, unusual numbers

of mitoses were found within sinusoids (fig, 6). At no

oth:,r stage after the Injection of lipid 'were mitoses

any more numerous than in control mice, in which they

were rare.

From 24 hours to 72 hours after the lipid injection,

a feature of note in the lj\ sections was the presence of
numerous large, round calls with abundant cytoplasm

within the sinusoids (Fig* 7)« At 4 to $ days their

number was reduced and by 7 days they had largely

disappeared. Cryostat sections stained with judan IV

were largely uninformativa and it was not possible to

define the distribution of lipid using this method.

electron microscopic examination of the liver showed

that/
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Figure 6. iJthyl Falmitate Treated Liver
Mitotic activity in sinusoidal cells is
relatively conspicuous 24 hours after the
lipid injection. Immersion fixed, Araldite
embedded, I/a section stained with toluidine
blue.

X 1,500.
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Figure 7* £thyl Palmitate freated Liver
Large round cells, probably monocytes,
(arrowed), are common in the sinusoids
24 hours after the lipid injection and
for several days thereafter# Perfusion
fixed, Fpon embedded, stained with
toluidine blue.

X 1,500.
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that, as early as 30 minutes after the lipid infection

all cells forming the wall of the sinusoid were swollen

and often disrupted, with dissolution of most intra-

cytoplasmic organelles and loss of much of the stainable

content of the cell cytoplasm (Jig. 8). Vacuoletion of

mitochondria was evident and in some cells ill-defined

vacuoles of larger size, not obviously derived from

such mitochondria, were also present. The nuclei of

these cells showed clumping of the chromatin against

the nuclear membrane and in some cells the nucleus had

disrupted. These changes were present i-n soma cells

for up to 72 hours after the injection of the lipid,

but by that time, endothelial cells, in particular,

tended to be better preserved and intact Kupffer cells

were recognisable, although they were relatively few

compared with untreated controls. By the fourth to

fifth day preservation of cells forming the sinusoidal

wall was restored to normal, although the populations

of cells forming the wall differed from those in

controls in that the proportion of well-differentiated

Kupffer cells still seemed to be lower than in controls.

Because of tile difficulty evaluating such chants in

ultra-thin sections, this inference is, of course,

highly subjective. Nevertheless, from 24 hours to the

fourth or fifth day after the lipid injection sub¬

stantial numbers of monocytoid cells were present in

the sinusoid and were not expelled by perfusion with

fixative. (Fig. 9). By the seventh day most of these

monocytoid cells had disappeared and well-differentiated

luipffer/
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Figure 8. iithyl Palmitate .Created Liver
Cells within sinusoids are swollen and show
disruption of virtually all cytoplasmic
organelles* 24 hours after the lipid injection
Immersion fixe^, Araldite embedded, stained
with uranyl acetate and lead citrate.

X 4,200.



-85'

Figure 9. 4thyl Palmitate Treated Liver
A monocytoid cell in a sinusoid, four days
after the lipid infection# Perfusion fixed,
i3pon embedded, stained with uranyl acetate
and lead citrate.

X 9,250.
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kupffer cells were present apparently in normal numbers

(Fig. 10). An impression was thereby gained that the

monocytoid cells were probably derived from the blood

monocytes and that they were capable of transforming

into orthodox Kupffer cells, The transient presence of

unusual numbers of mitoses, observed 24- hours after the

injection of the lipid may be interpreted as evidence

favouring the view that some Kupffer cells might have

been stimulated to replicate locally, but mitoses could

have occurred in endothelial cells or peri-sinusoidal

cells. In view of the evidence from this and other

studies (See Discussion), that many tissue macrophages

are derived from blood monocytes, it is perhaps more

probable that the populations of cells most likely to

replicate locally are the endothelial cells and the peri-

sinusoidal cells.

An important consideration in the interpretation

of the changes observed in the first 48 hours or so

after ethyl palmitate injection is the possibility that

fixation artefacts were responsible for much of the

ultrastruetural changes. On the whole, the relatively

good preservation of hepatocytes, except in foci of

necrosis, suggests that the ultrastruetural changes

indicating severe sinusoidal cell damage were genuine.

Nevertheless, the impression remains that the damage,

to some cells at least, might not have been as severe

as was evident from the electron microscopic changes.

This impression is gained from the presence of mitoses

at/
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Pigure 10. i2thyl Palmitate Treated Liver
A well-differentiated Kupffer cell seven
days after the lipid injection. A phago-
cytosed erythrocyte is evident near the
upper pole of the Kupffer cell. Perfusion
fixed, lipon embedded, stained with uranyl
acetate and lead citrate.

X 3,500
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at 24 hours, a time when virtually all cells in the

sinusoidal wall appeared to be severely damaged# It

seems likely that cells suffering from sublethal and

possibly reversible damage might have required different

conditions for their fixation than normal cells#

Cholesterol Oleate Treated Mice

Light microscopic examination of cryostat sections

stained with Sudan IV showed sudanophilic droplets

within numerous sinusoidal cells. The amount of lipid

in the cells appeared to increase with increasing doses

of the lipid# uixamination of thick sections showed

that large vacuoles were present in sinusoidal cells,

tending to distort the nucleus. The vacuoles were more

numerous after repeated doses of the lipid. Vacuolation

of cells was common up to 7 days after the injection

of a single dose of 60 mg# of the lipid, but was

uncommon at 16 days.

electron microscopic examination showed that the

large vacuoles were limited by a single unit membrane.

Some of the vacuoles were lined by electron dense

material apparently derived from the fusion of lysosome-

like bodies with the vacuoles (Fig. II). These features

were evident in some cells as soon as 4 hours after the

injection of the lipid. The electron micrographs of

the livers of mice injected with 3 x 30 mg. of the lipid

showed enormous vacuolation of sinusoidal cells (Fig# 12).

As far as could be judged, the vacuolated cells

were Kupffer cells, but because of the distortion of

sinusoids/
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Figure II. Cholesterol Oleate 'Created Liver
Lipid vacuoles distort the nucleus, electron
dense material in the vacuoles indicates <

fusion of lysosomes with the lipid vacuoles,
24 hours after the lipid injection.
Immersion fixed, Araldite embedded, stained
with uranyl acetate and lead citrate.

X 14,000.
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Figure 12. Cholesterol Oleate Treated Liver
Conspicuous vacuolation and enlargement of
Kupffer cells after 3 x 30 nig. lipid.
Immersion fixed, Araldite embedded, stained
with uranyl acetate and lead citrate.

X 2,000.
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3inusoids which occurred in immersion fixed tissue, it

was not always possible to be certain that endothelial

and peri-sinusoidal cells were unaffected. Fixing the

livers by perfusion made it easier to define the

different coll types and confirmed that the vacuolation

was almost entirely confined to iiupffer cells (Fig. 13)•

Occasional monocytes in the sinusoids were vacuolated.

Perfusion fixation showed that in dilated sinusoids,

although the vacuolated Kupffer cells did not seem to

encroach upon the lumina of sinusoids as much as had

been inferred from the appearance of immersion fixed

material they were, however, considerably enlarged and
showed few flap-like processes on their surface.

Perfusion fixation of the livers of cholesterol oleate

treated mice resulted in more variable distension of

sinusoids than in untreated or tricaprin treated mice.

In the more distended sinusoids there was a considerable

tendency for enlarged vacuolated kupffar coll3 to be

damaged or fragmented by Lais metaod of fixation. Greater

expex'ience of this method of fixation and suitable

modifications to control the pressure of the perfusate,

which can attain high values using a peristalaic pump,

would no doubt reduce the risk of such problems, but it

is relevant that Aterman (1963) cited several workers

who had had similar problems with perfusion fixation.

Nevertheless, this oroblem was not encountered in

untreated or tricaprin treated mice and perhaps was

related to the reduction in the size of the lumina of

sinusoids/
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Figure 13* Cholesterol Oleate 'treated Liver
The thin layer of endothelium and a peri-
sinsuoidal cell process (Top, left of centre)
can be distinguished from the vacuolated
Kupffer cells four days after the lipid
injection. .Perfusion fixed, Epon embedded,
stained with uranyl acetate and lead citrate.

X 9»300.
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sinusoids resulting from hypertrophy of Kupffer cells

in cholesterol oleate treated mice.

Vacuolated Kupffer cells could be found in ultra-

thin sections for the whole period of observation (16

days) indicating that the lipid was slo». catabolised

in vivo. Monocytoid cells were present in moderate

numbers in the sinusoids for up to 7 days after the

injection of the lipid, but were not as numerous as in

the ethyl palmitate treated mice at the same stages.

By the fourth day some dupffer cells containing vacuoles

v/ere found in close contiguity (I'ig* 1^) *ui uncommon

event in untreated mice. Ihis finding suggested that

vacuolated resident iiupffer cells might be capable of

mitotic division, fhe presence of vacuolated monocytes

at an earlier stage, of course, suggests another source

of vacuolated Xupffor cells in excess of the normal

numbers.
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P&gure 14. Cholesterol Oleate (Created Liver
Vacuolated Kupffer cells in close proximity
4 days after the lipid injection, implying
Increased numbers of Kupffer cells. Such
cells are rarely approximated in this fashion
in untreated mouse liver. Perfusion fixed,
Kpon embedded, stained with uranyl acetate
and lead citrate.

X 7,500.
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The Appearance of the Livers of Untreated and Lipid
Treated Mice after the Intravenous Injection of a

Standard Dose of Colloidal Carbon

Untreated and tricaprin treated mice injected with

colloidal carbon showed very heavily pigmented livers

when the mice were killed 15 minutes after the injection.

Light microscopic examination at this stage showed dense

aggregates of carbon within many sinusoidal cells in

both groups of mice, but the aggregates appeared to be

larger and more numerous in the livers of mice treated

with tricaprin 48 hours previously than in the livers

of the untreated mice. (Figs. 15 to 17)* Furthermore,

the carbon tended to be more uniformly distributed

throughout the lobules in tricaprin treated mice compared

with the greater tendency for the localisation to be

periportal in untreated mice.

In both groups of mice, electron microscopic

examination showed that the carbon caused such severe

scoring or tearing of ultra-thin sections that it was

impossible to obtain satisfactory photographs of cells -

containing large aggregates of carbon. The cells

containing smaller aggregates of carbon could usually be

visualised and appeared to be almost all Kupffer cells.

(Fig. 18). The carbon was present as dense aggregates

contained in vacuoles limited by a single unit membrane.

A few endothelial cells containing very small aggregates

of carbon could be found in both groups of mice (Fig. 19).

The carbon in the endothelial vesicles tended to be

loosely aggregated, conforming with the "mixed endocytosis"

described/
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Figure 15. Untreated. Liver

Deposits of colloidal carbon are evident
within sinusoidal cells, 15 minutes after
its injection. Formalin fixed, paraffin
section stained H and E.

X 400.
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Figure 16. Lricaprin 'Hreated Liver
Carbon laden sinusoidal cells are more
numerous than in untreated mouse liver,
15 minutes after the infection of
colloidal carbon. Formalin fixed,
paraffin section, stained H and E .

X400.
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Figure 17. fricaprin fraated Liver
Dense accumulations of carbon within
sinusoidal cells are particularly-
numerous in liver t±3sue from mice
treated with, this lipid. Immersion
fixed, Araldite embedded. Sodium
methoxide treated section, stained
H and i3.

X 950.
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Figure 18. Tricaprin Treated Liver
Dense aggregates of colloidal carbon in
phagocytic vacuoles within a Kupffer cell,
15 minutes after the carbon injection.
Immersion fixed, Araldite embedded, stained
with uranyl acetate and lead citrate.

X 17,500.
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j?igure 19 • Untreated Liver
Colloidal carbon particles are evident in
a pinocytotic vacuole in an endothelial
cell, Immersion fixed, Araldite embedded,
stained with uranyl acetate and lead
citrate.

X 60,000.
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described by Jacques (1969)*

Mice treated with 30 mg. of cholesterol oleate 4

hours or 24 hours before the injection of carbon showed

only slight pigmentation of their livers, when they

were killed 15 minutes afterwards. When they were

killed at intervals up to 24 hours after the carbon

injection, the pigmentation of the liver was noticeably

greater at 2 hours, and appeared to be maximal by about

6 hours. Nevertheless, it remained substantially less

than the pigmentation in untreated mice killed at any

stage after the injection. Light microscopic exam¬

ination showed that carbon wa3 present in cells that

did not contain lipid vacuoles and also appeared to be

present in cells containing lipid vacuoles, from the

earliest stage (15 minutes), (Pig. 20). In fat stained,

cryostat sections, siausoidal cells containing lipid

and carbon were readily apparent.

In untreated mice killed from 15 minutes to 24

hours after the carbon injection, the aggregation of

carbon within some cells increased considerably with

time (Pig. 21). Cholesterol oleate treated mice killed

at the same stages showed a tendency for more numerous

cells to contain carbon with the passage of time and

some of these appeared to show increasing amounts of

carbon (Pig. 22). On the other hand, the number of

cells affected and the size of intra-cellular aggregates

both remained less than in untreated mice at the same

stages.

Electron/



Figure 20. Cholesterol Oleate Treated Liver
Some vacuolated cells appear to contain
carbon, others contain little or no carbon,
15 minutes after the injection of colloidal
carbon, 24 hours after the lipid injection.
Immersion fixed, Araldite embedded, sodium
methoxide treated section stained with
H and i5.

X 950.



-103-

Figure 21. Untreated Liver
The increased aggregation of carbon
in sinusoidal cells, a. 2 hours
and b. 24 hours after the injection
of colloidal carbon. Immersion fixed,
Araldite embedded, stained with
toluidine blue.

X 1,500.
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a.

figure 22. Cholo3terol Oleate freabed Liver
Vacuolated Kupffar cells tend to show
increasing relation of carbon,
a. 2 hours and 0. 24 hours after the
carbon injection. Immersion fixed,
Araldite embedded, In sections stained
with toluidine blue.

JL 1,500.
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Electron microscopic examination of the livers

of cholesterol oleate treated mice injected with

colloidal carbon showed that carbon was present within

non-vacuolated Kupffer cells, in Kupffer cells con¬

taining lipid vacuoles and in cells that were thought

to be endothelial cells, 15 minutes after the carbon

injection. Endothelial cells containing carbon were

often situated close to vacuolated Kupffer cells

containing small amounts of carbon. Figures 25 and 24

show these features.

With increasing time after the carbon injection

(up to 24 hours), the number of cells containing carbon

increased and the amounts of carbon within some

individual cells also increased slightly. Unfortunately,

these changes, although not pronounced, resulted in an

increasing tendency for ultra-thin sections to score

and tear, which made it difficult to examine these

sections in detail. Nevertheless, at these later stages

it became more apparent that Kupffer cells lacking

lipid vacuoles tended to contain more and larger aggre¬

gates of carbon than other cells. The presence of

carbon within endothelial cells was more readily

apparent 2 hours to 24 hours after the carbon injection

(Fig. 25)» but this was seemingly due to an increase

in the number of endothelial cells affected, rather

than an increase in the amount of carbon within

individual colls.

Allowing for the difficulty in quantitating electron

microscopic changes, the impression was gained that

some/
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Figure 23. Cholesterol Oleate Treated Liver
Small aggretages of carbon within a
vacuolated Kupffer cell, 15 minutes after
the carbon injection, 24 hours after the
lipid injection. Immersion fixed, Araldite
embedded, stained with uranyl acetate and
lead citrate.

X 30,000.
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Figure 24. Cholesterol Oleate Treated Liver
Vacuolated Kupffer cell cytoplasm abutts
against endothelial cell containing
colloidal carbon; 15 minutes after the
carbon injection, 24 hours after the
lipid injection. Immersion fixed, Araldlte
embedded, stained with uranyl acetate and
lead citrate.

X 30,000.
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Figure 25. Cholesterol Oleate Treated Liver
Colloidal carbon deposits within endothelial
cell vacuoles, 24 hours after the carbon
injection, Immersion fixed, .tiraldite embedded,
stained with uranyl acetate and lead citrate.

X 4,500
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3ome Kupffer cells containing lipid were capable of

ingesting carbon and concentrating it. .endothelial

phagocytosis, in so far as it could be identified with

certainty, was judged to account for a significantly

greater proportion of the engulfed carbon than was

found in untreated or tricaprin treated mice.

Mice injected with 120 mg. of ethyl palmitate and

then injected with carbon 24 hours to 72 hours later

showed very little carbon pigmentation of their livers

when they were killed 15 minutes after the carbon

injection. ..hen they were killed 24 hours afterwards,

the pigmentation was only slightly increased. The light

microscopic appearances reflected these macroscopic

changes (Fig. 26). Carbon was seen as a light scattering

of particles in the walls of sinuses. Few dense aggre¬

gates were evident in sinusoidal cells even 24 hours

after the injection of carbon, in mice treated with

lipid 24 hours and 48 hours previously. In mice treated

72 hours before carbon injection, more numerous, dense

aggregates were apparent in cells, particularly in mice

injected with carbon 24 hours previously (Fig. 27)*

Nevertheless, the amount of carbon retained in the liver

was still small.

In mice treated with ethyl palmitate 5 days

previously, the amount of carbon deposited in the liver

was essentially similar to that in mice treated with

carbon alone. The light microscopic appearance then

approximated to' that in control mice.

electron/
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Figure 26. xiJthyl Falmitate Treated Liver
Little carbon is evident in sinusoidal cells,
15 minutes after its injection; 24 hours after
the lipid injection. Formalin fixed, paraffin
section, stained with H and IS.

X 400.
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Figure 27. Sthyl Fa Imitate Treated Liver
Some recovery of phagocytic activity is
shown when carbon is injected 72 hours
after the lipid injection and when the
mouse is killed 24 hours after the carbon
injection. Formalin fixed, paraffin section,
stained with H and Hi.

X 400.
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iDlectron microscopic examination was of limited

value because of the poorly preserved appearance of

sinusoidal cells at least in mice injected with lipid

less than 72 hours previously. In mice injected 72

hours previously, preservation was improved and a few

Kupffer cells and endothelial cells were found with

ingested carbon. The amount of carbon within individual

cells only occasionally was as large as that found in

many Kupffer cells in untreated mice. Twenty four

hours after the injection of carbon, more numerous

Kupffer cells contained carbon than was evident at 15

minutes, jindothelial phagocytosis was also more appar¬

ent at 24 hours#

The general impression was gained that some

recuperation of phagocytic activity had occurred about

72 hours after the injection of ethyl palmitate. The

phagocytic activity at that time, however, did not seem

to be as fully developed as that of untreated mice, and

endothelial phagocytisis was more conspicuous than in

control mice. A return to more or less normal phagocytic

activity occurred 5 days after the injection of lipid.
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Tha microscopic Appearance of the
Spleen In Untreated Mice

Light microscopic examination of I/t thick sections
of splenic tissue, fixed by perfusion, showed the red

pulp sinuses standing out clearly because most of the

cells had been washed out of their lumina (Fig. 28).
The lining cells were fusiform with scanty perikaryon

and attenuated cytoplasm. The red pulp cords contained

a variety of cell types, Megakaryocytes, erythrocytes

and platelets were easily recognised. Macrophages,

some of which contained phagoeytosed material, were

recognised by their abundant cytoplasm and large pale-

staining nucleus. Granulocytes had lobulated nuclei

and densely staining cytoplasm, lymphocytes had scanty

cytoplasm with clumped nuclear chromatin. Other cells

with similar nuclei and more abundant cytoplasm included

large lymphocytes, plasma cells and erythroblasts, but

could only be differentiated by electron microscopic

examination. The red pulp cords contained fusiform or

stellate reticular cells that had large pale staining

nuclei and gave off long slender cytoplasmic processes.

Some of these cells abutted against the sinuses.

Processes from these cells could be seen encapsulating

the sinuses.

The zone of the red pulp adjacent to the marginal

sinus, sometimes known asthe outer marginal zone (Fig.

29). (Nieuwenhuia, 1973) resembled Billroth's cord in

its structure and cell content. The zone lying between

the sinus and the white pulp - the marginal zone,

(Snook, 1964)/
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Pigure 28. Untreated Spleen
Perfusion with fixative shows the sinuses
standing out clearly and separated from
each other by cords of Billroth. Reticular
cells (arrowed) are characterised by their
stellate appearance. Perfusion fixed, uipon
embedded, stained with toluidine blue.

X 1,500.

✓
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Pigure 29 • Untreated Spleen
The inner and outer marginal zones are
situated on the right and left sides of
the marginal sinus, respectively.
Fhagocytosed material is apparent in
macrophages in these zones# Perfusion
fixed, JSpon embedded, stained with
toluidine blue.

X 1,500.
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£>nook, 1964-) or inner margin 1 zone (hieuwenhuis, 1973)

was more compact than the outer marginal zone and

contained macrophages, lymphocytes and stellate or

fusiform reticular cells with long processes, erythro¬

cytes and other cell types were mostly absent from this

zone. The white pulp contained a predominance of

lymphocytes, but fusiform and stellate reticular cells

were usually conspicuous and macrophages with phago-

cytosed nucleated material (tingible body macrophages)

were also recognised with ease.

electron microscopic examination of the red pulp

(figs. 30, 31) confirmed the impressions gained from

the light microscopic picture. Sinuses were formed by

fusiform endothelial cells that lacked tight junctions.

In places, they were separated by erythrocytes or

leucocytes traversing the wall. Cytoplasmic processes,

derived from fusiform or stellate reticular cells

abutting against the sinus-lining cells, encapsulated

the sinuses (Fig. 31)* In the interspace between the

lining cells and tue reticular cells and their encap¬

sulating processes, there was a thin layer of granular

material in which fine fibrils and striated collagen

fibres could be found. The sinus-lining cells and

adjacent reticular cells contained microfilaments in

places.

The various types of cells in the red pulp includedt

macrophages, which were characterised by the relative

abundance of cytoplasm and often a convoluted nucleus.

Large/
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figure 50. Untreated Spleen
A sinus flanked by cords of Billroth in
which a large macrophage is shown.
Perfusion fixed, Spon embedded, stained
with uranyl acetate and lead citrate.

X 4,500.
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Figure 31. Untreated Spleen
A nucleated endothelial cell abutting
against reticular cell processes.
Between the two cell types there is a
layer of granular intercellular material.
Perfusion fixed, Apon embedded, stained
with uranyl acetate and kad citrate.

X 20,000
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Large cells resembling macrophages corresponded to

the "Rurse Oells" described in rats by Pictet et al.

(1969 a,b) and were associated with erythroblastic

islets. The processes arising from the reticular cells

made contact with the processes from other reticular

cells. At their interface there was a thin layer of

granular extracellular material.

The macrophages in the marginal zones resembled

those in the red pulp. In the white pulp, macrophages

often contained large phagosomes in which there were

the degradation products of nucleated cells (tingible

bodies). These cells did not seem to differ from the

scattered macrophages in the red pulp and the marginal

zones that contained similar material.

Reticular cells giving rise to long processes in

the marginal zones and white pulp were similar in

appearance to those in the red pulp, intracellular

granular and fibrillar material was often associated

with these cells and their processes. Well-defined

collagen was less often associated with these cells

and in general, was abundant only in the wall of the

central arteriole and in fibrous tissue trabeculae.

The Appearance of the Spleen in Mice
Treated with Tricaprin

Macroscopically and microscopically, the spleens

of mice treated with 20 mg. tricaprin 48 hours previously

showed no differences from the spleens of untreated

mice.

The/
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The Appearance of the spleen in Mice
treated with Ethyl Palmitate

The spleens of mice injected with 90 mg. or 120 mg.

of the lipid were about half to two thirds of the normal

size when examined 24 hours after the injection of lipid.

The spleens returned to a normal size 5 days after the

injection. Light microscopic examination showed that

the main effect of the lipid was to cause splenic

necrosis. This necrosis seemed to be almost entirely-

restricted to the red pulp when the smaller dose of 90

mg. was given. With the larger dose, some of the white

pulp was affected as well. Cell swelling was found in

some cells in the red pulp within one hour of the

injection. Massive cell death was advanced by four

hours (Pig. 32). By 24 hours, the characteristic

Clearing lesion* (Stuart, 1962), was regularly seen

after the injection of 90 mg. of the lipid (Pig. 33)*

The lesion consisted of disappearance of most nucleated

cells in the red pulp with obliteration of all the

structural features in the red pulp apart from the

fibrous tissue trabeculae, while most of the white

pulp remained intact. Unequivocal evidence of vascular

thrombosis was not found in the spleen at any stage

after the lipid injection.

Proliferation of tissue resembling granulation

tissue was present around the white pulp within 72 hours

of the injection. On the fourth day, regeneration of

red pulp was established in the wake of the advancing

zone of granulation tissue (Pig. 34). By the seventh

day,/
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Figure 32. ilthyl Palmitate Treated Spleen
Substantial loss of nucleated cells in the
red pulp is evident four hours after the
lipid injection, whereas the white pulp is
relatively well preserved. Formalin fixed
paraffin section stained with H and S.

X 170.
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>

33 • iSthyl Palmitate Treated Spleen
The characteristic "clearing lesion" with
necrosis of the red pulp and apparent
preservation of the white pulp, 24 hours
after the lipid injection. Formalin
fixed paraffin section stained with H and iS.

X 160
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Figure 34. Sthyl Palmitate Treated Spleen
Regeneration of splenic tissue, 72 hours
after the lipid injection. Necrotic tissue
is present on the righto Formalin fixed,
paraffin section stained H and S.

X 800.
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day, the architecture of the spleen was almost normal,

apart from the presence of occasional foci of granulation

tissue# Fibrous tissue scarring was not seen in any

spleen up to 16 days after the injection#

illectron microscopic examination of the spleens of

mice killed up to 48 hours after the injection of 90 mg*

lipid showed that most of the cells in the white pulp

were less well preserved than might have been expected

from their well-preserved appearance on light microscopic

examination# Many lymphocytes were swollen with vacuo¬

lated mitochondria and membrane breaks. Reticular cells

tended to show similar changes and in addition to these

changes, macrophages often contained ill-defined vacuoles

with no limiting membrane and no stainable content# In

the intracellular spaces there were deposits of amorphous

moderately electron dense material. In places this

material contained acicular clefts possibly resulting

from the deposition of crystalline material dissolved

out of the tissue during processing# Figure 35 shows

the appearance in the better preserved areas of white

pulp, but even in theseareas, cell preservation was

relatively poor.

In the red pulp, large, irregularly shaped deposits

of amorphous material containing acicular clefts and

scattered, dense globules resembling nuclear fragments

were found. Traces of collagen were apparent but were

poorly stained# The marginal sinus and red pulp sinuses

were very poorly defined or had completely disappeared#

Occasional/
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ii'igure 35* Sthyl Palmitate Treated Spleen
Reservation of the white pulp of the
spleen is shown to be relatively poor
on electron microscopic examination,
24 hours after the lipid injection.
Immersion fixed, Araldite embedded,
stained with uranyl acetate and lead
citrate.

X if, 000



-126-

uccasional poorly preserved nucleated cells and scatter¬

ed erythrocytes were found in the red pulp. These

features are consistent with the light microscopic

findings in so far as they showed disappearance of most

cells in the red pulp with evidence of cell death and

loss of the architectural features. On the other hand,

the relatively poorly preserved appearance of most white

pulp cells was difficult to interpret. In my view, the

possibility that some of the changes, particularly in

the white pulp cells, represent fixation artefact can¬

not be excluded. As mentioned previously, it may be

that viable, but slightly damaged, cells require special

fixation techniques. Nevertheless, on the basis of

these electron microscopic findings, it is possible to

infer that the cells in the white pulp had been damaged

more severely than appeared from the light microscopic

findings•

Because of the doubts about the efficacy of the

fixation in this situation and the consequent difficulty

interpreting some of the early changes in the spleen

after the lipid infection, electron microscopic exam¬

ination of spleens from mice injected with ethyl pal-

mitate more than 48 hours previously was not carried out.

The Appearance of the Spleen in Mice Treated with
Gholesterol Oleate

The spleens of mice injected with 60 mg. of the

lipid were always enlarged 24 hours, after the injection

compared with those of untreated mice. They increased

in size for several days after the injection, (see

Tables
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Tables 35 to 37.

Examination of cryostat sections stained with

Sudan IV showed accumulations of the lipid as sudan-

ophilic droplets in cells mainly in the red pulp and

the marginal zone, but a few affected cells were also

present in the white pulp (Fig. 36). The distribution

of these cells corresponded to that of large vacuolated

cells that were clearly seen in paraffin sections.

Examination of I/4. thick sections showed that the

vacuolation was confined to macrophages in red pulp

cords, in the marginal zones and to a lesser extent in

the white pulp. Sinus lining cells and fusiform or

stellate reticular cells were not affected (Fig. 37)•

Electron microscopic examination confirmed these

impressions and also showed that many of the vacuolated

cell3 were considerably larger than the generality of

similarly situated macrophages in untreated mice (Fig.

38). Some of the neutrophil granulocytes in the red

pulp were vacuolated (Fig. 39), whereas the sinus lining

cells, reticular cells and lymphocytes were not vacuo¬

lated. Vacuolation of cells in the spleen persisted for

at least Io days after the injection of a single dose

of 6U mg. of the lipid.
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Figure 36. Cholesterol Oleate Treated Spleen
Lipid accumulations are evident in the
marginal zones, red pulp and to a lesser
extent in the white pulp. Cryostat section
stained with Sudan IV.
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Figure 37 • Cholesterol Oleate Treated Spleen
Vacuolated macrophages are evident in the
marginal zones, red and white pulp. Reticular
cells and sinus endothelium are unaffected.
.Perfusion fixed, jSpon embedded, stained with
toluidine blue.

X 800»
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Figure 38# Cholesterol uleate Treated Spleen
An enlarged vacuolated macrophage in a red
pulp cord. Other ingested material is
present within the same macrophage.
Neighbouring lymphocytes are unaffected by
the lipid. Perfusion fixed, Spon embedded,
stained uranyl acetate and lead citrate.

X 4f500.
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Figure 39 • Cholesterol Oleate Treated Spleen
Vacuolated macrophage cytoplasm and a
vacuolated neutrophil polymorphonuclear
leucocyte (3aft) are evident. Perfusion
fixed, ripon embedded, stained with uranyl
acetate and lead citrate.

A 4,500.



The Appearance of the Spleens of Untreated and Lipid
•Treated Mice after the Injection of a Standard Dose

of Colloidal Carbon

Untreated mice killed 15 minutes after tee injection

of colloidal carbon showed deposition of dense aggre¬

gates of carbon in cells in the marginal zones and the

red pulp (fig. 40). Bmall aggregates were also appar¬

ent in a few cells in the periphery of the white pulp.

The appearance of spleens from mice injected, 48 hours

before the carbon injection, with 20 mg. tricaprin was

essentially similar although judging from the macro¬

scopic appearance of the spleens in these two groups

of mice, there seemed to be less carbon in the spleens

of the tricaprin treated mice.

electron microscopic examination of the spleens

of untreated and tricaprin treated mice, 15 minutes

after the carbon injection, showed some carbon particles

lying between cells in the red pulp cords, but mostly

within small vacuoles in the macrophages (Pig. 41).

Phagocytosis by sinus lining cells and reticular cells

was not apparent.

mice treated with L2Q mg. ethyl palmitate 24 hours

to 72 hours previously and killed 15 minutes after an

injection of colloidal carbon, showed very little

pigmentation of their spleens. Light microscopic

examination showed the carbon as a light dusting of

particles in the necrotic parts and as small aggregates

within a few cells at the periphery of the white pulp,

when the carbon was allowed to circulate for 24 hours

the/
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Figure 40. Untreated Spleen
Deposits of colloidal carbon situated
mainly in the inner marginal zone, 15
minutes after its injection, formalin
fixed, paraffin sections, stained with

/ H and E.

X 450.
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Figure 41. Entreated Spleen
Aggregations of colloidal carbon are
attached to the surface of red pulp
cord macrophage and within intra-
cytoplasmic vacuoles, 15 minutes after
the carbon infection. Immersion fixed,
Araldlte embedded, stained ur&nyl acetate
and lead citrate.

X 30# OCX).
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the amount deposited in the spleen increased slightly,

mice injected with lipid 5 days before the injection

of carbon, showed microscopic appearances that were in

large measure similar to those of untreated mice when

both were killed 15 minutes after the injection of

carbon.

Mice injected with 30 mg of cholesterol oleate

24 hours previously and killed 15 minutes after the

injection of collodial carbon, showed more conspicuous

pigmentation of their spleens than comparable untreated

or tricaprin treated mice. Gryostat sections stained

with Sudan IV showed that lipid was apparent in a

considerable proportion of the cells containing carbon.

Light microscopic examination showed that the deposits

of carbon were situated mainly in the marginal zones

and adjacent red pulp, as dense aggregates in cells

many of which were vacuolated (Fig* 42).

Electron microscopic examination showed dense

aggregates oc carbon particles within vacuoles in cells

containing large clear vacuoles. Garbon was not found

within the clear vacuoles (iig. 43). macrophages with¬

out lipid vacuoles also contained carbon in similar

amounts•

when untreated mice and mice treated with 30 mg.

cholesterol oleate were killed at intervals up to 24

hours after the injection of carbon, little increase

in the amount of splenic pigmentation appeared to occur

in either group. The main change resulting from pro¬

longing the interval in untreated mice was an increase

in/
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Figure 42, Cholesterol Oleate Treated Spleen
Heavy deposition of carbon is evident
within vacuolated and non-vacuolated
cells, 15 minutes after its injection.
Formalin fixed, paraffin section,
stained with H and 13,

X 400.
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Figure 43. Cholesterol Oleate Treated Spleen
Dense carbon aggregates within a vacuolated
macrophage in a red pulp cord, 15 minutes
after its injection, 24 hours after the lipid
injection. Immersion fixed, Araldite
embedded, stained with uranyl acetate and lead
citrate.

X 35,000.



in the number of large intracellular aggregates of

carbon sometimes with the appearance of clear areas in

in the middle of such intracellular aggregates# The

latter feature was readily apparent about 6 hours after

the injection of carbon# A similar appearance was

found in splenic macrophages of cholesterol oleate

treated mice a few hours after the injection of carbon#

The presence of carbon in the same phagosomes as the

lipid could have been inferred, perhaps, but this was

not confirmed by electron microscopic examination,

although, as usual, there was considerable difficulty-

examining large aggregates of carbon because of tearing

of sections#

Carbon Clearance Tests

The results of carbon clearance tests performed

on untreated Tuck's mice and Tuck's mice treated with

30 mg. cholesterol oleate are shown in Tables I and 2.

The rates of clearance (Krt) were derived from the
v

graphs shown in figures 44 and 45#

The results of the carbon clearance tests performed

on untreated LACA mice and LACA mice treated with 60 mg.

cholesterol oleate are shown in Tables 3 and 4. The

rates of carbon clearance were derived from the graphs

shown in figures 46 and 47#

In both strains of mice these results can be

interpreted as evidence of a substantial degree of

reticulo-endothelial blockade, resulting from treat¬

ment with both doses of cholesterol oleate# They also

showed/
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TaBLE I

CAEBON CLEARANCE TEST
CONTROL TUCK'S T.C. MICE

No TIME COLORIMETER log Kc
READING

V

2 2.02 0.31

4 1.66 0.22

1. 6 1.52 0.18

8 1.29 0.11 0.035

10 1.08 0.03

2 1.80 0.25

4 1.38 0.14

2. 6 1.04 0.02
0.055

8 0.88 T.94

10 0.65 T.81

2 1.28 0.11

4 0.87 T.94

3. 6 0.71 T.85 0.059
8 0.50 T.70

10 0.47 T.60
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TABLdJ 2

CARBON CLEARANCE TEST
TUCK'S T.O. MICE TREATED

WITH 30 mg. CHOLESTEROL OLEATE

No TIME COLORIMETER LOGARITH K
READING

c

3 1.80 0.26

6 1.72 0.23
1.

9 1.55 0.19
0.010

12 1.56 0.19

15 1.42 0.15

3 2.28 0.36

2.
6 1.92 0.28

9 1.72 0.23 0.018

12 1.59 0.20

15 1.36 0.13

3 1.90 0.28

5.
6 1.72 0.23

9 1.58 0.20 0.013

12 1.40 0.15

15 1.32 0.12
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Minutes

Figure 44* Untreated Tuck* a Mice
Carbon clearance rates* The values Tor
^ are 0.035t O.Q55 and 0.059*
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Minutes

Figure 45# Tuck*s Mice Treated with 30 nig.
Cholesterol Oleate

Carbon clearance rates. Values for K
are 0.010, 0.018 and 0.0I?. °
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TABJUiJ 3

CARBON CLEARANCE ZEST
CONTROL LACA MICE

No TIME COLORIMETER LOGARITH Kc
REARING

2 5.02 0.48

1.
4 2.72 0.43

6 2.46 0.59 0.022
8 2.24 0.35

10 1.99 0.30

2 2.90 0.46

4 2.50 0.40

2. 6 2.22 0.34 0.025
8 2.14 0.33
10 1.82 0.26

2 2.69 0.43

4 2.40 0.38
3. 6 2.20 0.34 0.025

8 1.78 0.25
10 1.70 0.23
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TaBiiS 4

CARBON CLEARANCE TEST
LACA MICE TREATED WITH
60 mg. CHOLESTEROL OLEATE

No TIME COLORIMETER LOGARITHM K
READING

w

3 2.78 0.44

1.
6 2.58 0.41

9 2.39 0.39 0.009
12 2.18 0.34

15 2.21 0.34

3 1.80 0.26

6 1.79 0.25
2.

9 1.72 0.23 0.007

12 1.64 0.21

15 1.50 0.18

3 1.79 0.25

6 1.69 0.23
3. 9 1.58 0.20 0.009

12 1.42 0.15

15 1.41 0.14
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Figure 46. Untreated LAGA Mice
Carbon clearance rates* Values for
£c are 0.022, 0.025 and 0.025*
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showed that there seemed to be a difference in the

efficiency of phagocytosis of colloidal carbon in the

two untreated strains of mice, the Tuckfs TO mice

appearing to be more efficient.
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The effects of Lipids on Cultured Mouse Peritoneal
Cells as .Depicted in Id lms I and. II.

The following account is presented in the form of

a script intended to recapitulate the salient features

in both films as they were seen when projected. Selected

topics are described separately on pageI59and are

illustrated with prints derived from single frames that

have been removed from the films. The main inferences

are summarised on page 17 5.

Film I showed the behaviour of untreated cells

and cells treated with tricaprin and ethyl palmitate.

Arythrophagocytosis experiments with tricaprin and

ethyl palmitate were also shown.

Untreated cells

1. (x200, 2 frames per second). This sequence showed

round cells settling on the glass, but not yet begining

to spread over the glass. Crenated mouse erythrocytes

were also present.

2. (x 200, I frame per 5 seconds). After six minutes

in culture, cells began to spread on the glass. One

type of cell extended a circumferential fringe of

cytoplasm outwards and, during the period of 90 minutes

shown in this sequence, it tended to retain the initial

round shape. Another type of cell was similar to begin

with, but soon assumed a strap-like form with undulating

hyaloplasmic ruffles at two poles. The latter type of

cell, a group of which are shown, exhibited virtually

no pinocytotic activity, but showed slow movement with

a tendency to establish cell-to-cell contact with

neighbouring/
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neighbouring cells. The single round type of cell

showed slight pinocytotic activity during the first

90 minutes. lysis of the mouse erythrocytes occurred

between 60 and 90 minutes. One erythrocyte lysed over

the well-spread, round cell.

3. (x 400, I frame per 5 seconds). After two hours

in culture, cell movement became more apparent. In

this sequence a well-spread cell showed a large hyalo-

plasmic veil with prominent cytoplasmic ridges, which

were most conspicuous in the large pseudopodia at the

leading edge of the cell. These pseudopodia advanced

over the glass drawing the remainder of the cell in

the direction of their movement. Pinocytotic activity

was not well developed in these untreated cells at

this period in culture.

4. (x 200, I frame every 10 seconds). After 24 hours

in chamber culture, two types of well-spread cells were

still apparent. The movement of cells was well shown

at this time lapse. In general, the round type of

cell showed the greater amount of directional movement

and throughout the whole period of culture (up to 32

hours), this type of movement could be seen. In this

sequence, the tendency for cells to make and break

contact with each other was notable. Pinocytotic

activity was still not a conspicuous feature in these

cultures, although a small number of cells showing much

pinocytosis v/ere usually present in cultures of untreated

cells.

Most/
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Most of these sequences showed a few, small, rapidly

moving, round cells which did not spread on glass. 3uch

cells are putative lymphocytes.

Tricaprin Treated Cells

1. (x 200, 2 frames per second). Unlike the cells from

untreated mice, these cells began to spread very rapidly

on the glass. Within 6 minutes of preparing the culture,

at the end of this sequence, many cells were already well-

spread.

2. (x 200, I frame per 5 seconds). After the initial

period, well-spread and small round cells (lymphocytes),

which did not spread out on the glass, could be seen.

A few, cremated, mouse erythrocytes were also present.

After about 15 minutes, cells spread out on the glass

began to show movement. After about 50 minutes, cells

containing pinocytotic vesicles were apparent. One such

cell in this sequence showed very active pinocytosis.

5. (x 400, I frame per 5 seconds). After 2 hours in

culture, numerous cells containing many pinocytotic

vesicles were present. These cells tended to be well-

spread on the glass and did not show as much movement as

cells which contained few pinocytic vesicles. The small

round cells showing rapid movement were well shown in

this sequence.

4. (x 400, I frame per 5 seconds). Th« tendency for

small round cells (lymphocytes) to wander over the surface

of cells spread on the glass was well shown in this

sequence. This behaviour has been termed peripolesis by

Humble,/
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Humble, Jayne and .Pulvertaft (1956).

5* (x 400, I frame per 10 seconds). The type of cell

movement shown "by tricaprin treated cells was well shown

in a 6 hour culture. The directional movements of these

cells were more rapid than those of untreated mouse cells

and the whole cell cytoplasm appeared to be more

agitated. The mode of progression wan essentially

similar to that of some glass adherent cells from

untreated mice.

6. (x 200, I frame per 10 seconds). After 24 hours

the cells had formed a monolayer in which round and

polarised cells were present. The former were more

numerous than in the peritoneal cell cultures from

untreated mice. Cells containing many pinocytotic

vesicles were more numerous than their untreated counter¬

part. The agitated cytoplasmic movement was striking,

but directional movement tended to be limited because

of the crowding of the well-spread cells. Cell death

was rare and changes suggesting a toxic effect were not

apparent.

7. (x 400, I frame per 10 seconds). Occasional dead

cells were adherent to the glass appearing as spherical

structures. In this sequence, attempts by a cell to

engulf one of these dead cells suggested phagocytic

potential. This cell failed to ingest the dead cell

and gave up the attempt. A neighbouring cell promptly

covered the dead cell, although it was not clear that

the dead cell was actually phagocytosed.

Ethyl/
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.altfayl Palmitate Treated Cells

1. (x 200, I frame per 5 seconds). In this sequence,

filming was started 15 minutes after preparing the

culture, because of the slow rate of spreading on the

glass. Refractile droplets of the lipid were present

within cells, attached to the surface of cells and

floating free in the medium. This sequence showed several

small round cells only one of which spread on the glass.

The process of spreading was veiy slow and was not well

developed even after 90 minutes had elapsed. The other

cells that did not spread on the glass were probably

lymphocytes, judging from the character of their movement,

but some appeared to have ingested lipid droplets.

2. (x 200, I frame per 5 seconds). During the first

few hours in culture many cells died. This sequence

showed a cell spread on the glass which suddenly

contracted leaving fine, spiky, cytoplasmic processes

around its periphery. The cell then withdrew these

processes, became more or less spheroidal and Brownian

movement of its organelles signalled cell death.

5. (x 400, I frame per 10 seconds). When the smaller

dose of ethyl palmitate was used, the yield of cells

spreading on glass was larger. This sequence showed

cells after 5 hours in culture, one of which was spread

out on the glass. An unusual to-and-fro' movement was

displayed by the cell and abnormal club-shaped pseudo-

podia formed and retracted rapidly, particularly when

the directional movements slowed. This type of cell

activity/
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activity was not seen in the untreated or tricaprin

treated groups; it is judged to represent a toxic

effect of the ethyl palmitate.

Even when the smaller dose of ethyl palmitate was

used, satisfactory cultures could not be obtained after

24 hours incubation. Some cells spread out on glass

remained viable, but because of the large amount of cell

debris that had accumulated, filming of this stage in

culture was not carried out#

Phagocytosis of human erythrocytes treated with rabbit,
anti-human erythrocyte anti-serum.

Tricaprin treated cells (x 400, 2 frames per second).

Phagocytosis started within 5 minutes of adding

erythrocytes to the culture. For about $0 minutes the

erythrocytes tended to be crenated by contact with the

culture medium and cells that had become adherent to a

macrophage during this time retained their crenations

urntil they are just about to be phagocytosed, when the

impression was gained that they were becoming spherocytes.

As these erythrocytes were ingested, they tended to

become phase-dense. In this sequence, the macrophage

rapidly engulfed three erythrocytes at one pole then at

its other pole it ingested another four cells.

Ethyl palmitate treated cells (x 400, T frame per 5

seconds).

Three hours after the addition of erythrocytes to

the culture, there was no adherence of erythrocytes to

the peritoneal cell and no phagocytosis had occurred.

Film/
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Film II showed, the effects of Tween 20 and cholesterol
oleate on cultured mouse peritoneal cells

Sequences illustrating tricaprin treated and ethyl

palmitate treated cells were included in order to

provide direct comparisons between the effects of the

lipids and the emulsifying agent.

'Pween 20 treated cells

1. (x 200, I frame per 5 seconds). At this time lapse,

spreading on glass appeared to be very rapid. The

time taken for the cells to spread out on the glass,

in fact, took about 10 minutes so that the rate of cell

spreading was about the same as that for tricaprin

treated cells. Ouring the first 90 minutes in culture

shown in this sequence, most of the cells spreading on

glass were of the round type and few polarised cells

were present. After about one hour, the cells began to

show some pinocytic activity. Movement of these cells

was not conspicuous during the 90 minutes sequence.

2. (x 400, I frame per 5 seconds). After 2 hours in

culture, well spread cells tended not to show much

movement and this sequence showed the relatively

quiescent behaviour of such cells.

fricaprin treated cells.

(x 200, I frame per 5 seconds). For comparison, this

sequence showed the active movements of tricaprin

treated cells which developed during the first hour in

culture. Uhe pinocytotic activity of these ceils was

also shown developing early in culture.

'i?ween 20 treated cells

5. (x 400, I frame per 10 seconds). After 24 hours

in/
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in culture, more cells tended to be of the round type

than their untreated counterpart* No toxic effect was

apparent and the cell movement was not so agitated as

that of tricaprin treated cells at the same stage*

Gholesterol oleate treated cells

I* (x 200, I frame per 5 seconds)* Some cells spread

quite rapidly on the glass during the first 90 minutes

in culture and some cells lacking cytoplasmic lipid

droplets tended to have abnormally phase dense cyto¬

plasm. Other cells containing refractile lipid droplets

failed tr> -pread on the glass during this period* None

of the cells developed large hyaloplasmic veils and

pinocytotic activity did not appear to be pronounced,

although this was difficult to judge in cells containing

many refractile droplets*

2* (x 200, frame per second). When the smaller dose of

the lipid was used, the yield of cells spreading on

glass was larger during the first 90 minutes. Some of

the cells then had well-developed hyaloplasmic veils and

some well-spread cells contained large amounts of lipid.

3* (x 400, 2 frames per second). Cells which had been

2 hours in culture did not show much directional movement.

Some of the cells contained enormous amounts of lipid*

At this time many cells had spread on the glass and cell

death was rare*

JSthyl palmitate treated cells

(x 200, 2 frames per second). For comparison, few ethyl

palmitate treated cells had spread on the glass after

two/



-156-

two hours in culture#

Oholestei'ol oleate treated cells

4# (x 4-00, 2 frames per second)# After 24- hours in

culture, cholesterol oleate treated cells tended to he

well-spread on the glass and contained fewer lipid

droplets than was found early in culture# Cell death

was rare and signs of a frankly toxic effect were not

apparent.

Phagocytosis of haemolysin-treated human erythrocytes

All these sequences were filmed at a magnification

of x 400 -aid at 2 frames per second.

Untreated cells

I# Erythrocytes which had been incubated for 18 hours

in 0.85 per cent, sodium chloride solution were used in

this sequence. These mildly saline-injured erythrocytes

adhered to a macrophage. Two hours after the addition

of the erythrocytes, none of those adherent to this

macrophage had been phagocytosed. Most of the peritoneal

cells did not phagocytose such erythrocytes even after

6 hours of contact. The large area of contact between

macrophage and erythrocytes and the membrane activity

of the macrophage in the area of contact were well shown.

2. This sequence showed the act of phagocytosis, induced

when erythrocytes were incubated with haemolysin.

Phagocytosis of some erythrocytes was accompanied by

distortion of the erythrocyte and it became phase dense

as it was being ingested. This sequence also showed

how an erythrocyte may escape after being almost completely

ingested,/
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ingested, although in this instance the erythrocyte

was finally ingested#

Untreated cells

I# This sequence showed the attachment of erythrocytes

which had occurred during the first 5 minutes of contact

between the cells# Some of the attached erythrocytes

had lost the crenated appearance (which usually

persisted in non-attached erythrocytes for at least 30

minutes after the erythrocytes had been added to the

medium); these cells were the ones which were about

to be phagocytosed#

2# The erythrocytes began to be phagocytosed about

10 minutes after they were added to the culture#

Phagocytosis proceeded at a relatively slow rate# In

these cultures it was rare to see an untreated macro¬

phage ingest more than five erythrocytes# It is to be

noted, however, that the erythrocyte concentration in

these experiments was deliberately kept low so as to

obtain the best conditions for phase contrast obser¬

vation. As a result many macrophages did not come in

contact with more than five erythrocytes#

Tween 20 treated cells

'The process of attachment and rounding up of

crenated erythrocytes about to be phagocytosed and the

act of phagocytosis were essentially similar to that

observed in the untreated peritoneal cell cultures#

Phagocytosis proceeded at about the same pace. Escape

after ingestion was shown in this sequence. The

constriction/
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constriction of the erythrocyte at the mouth of the

phagocytic vacuole, in this instance, could be clearly

seen. A neighbouring erythrocyte also escaped after

apparent ingestion, but on this occasion a small mass

of phase dense material was left to mark the phagosome.

Cholesterol oleate treated cells

.Phagocytosis did not start until more than 3^

minutes had elapsed after adding the erythrocytes to

a culture of cholesterol oleate treated peritoneal cells,

by vvhich time the crenated appearance had been lost by

all the erythrocytes. Adherence of these cells to the

macrophage appeared to be unstable and some delay was

apparent before adherence occurred. On the other hand

once phagocytosis did start, several erythrocytes were

efficiently and swiftly phagocytosed.

For comparison, in the next sequence;

Iricaprin treated cells were shown starting to phago-

cytose erythrocytes within 5 minutes of adding them to

the culture. About eight cells were ingested in quick

succession. .Phagocytosis by individual cells at this

rate was best seen in the tricaprin treated Material,

but it is of note that the cholesterol oleate treated

cells were capable of ingesting erythrocytes efficiently

and rapidly, although the onset of phagocytosis appeared

to be delayed, whereas ethyl palmitate treated cells

ingested virtually no erythrocytes (see film I).
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The Appearance of Lipid Treated. Peritoneal
Cells in Uulture Illustrated by Prints taken

from frames from Cine-Films I and II

Intra-c.ytoplasmic Lipid

Lipid globules were seen as highly refractile

droplets in the cytoplasm of cells treated with

cholesterol oleate. These ranged in size from about

S^ttdown to less than I• Figure 48 shows one large
and several small refractile droplets. Their size can

be gauged from that of a human erythrocyte. Macrophages

could ingest massive amounts of the lipid and still

spread well on the glass as is shown in figure 49. In

figure 50 ethyl palmitate can be seen as refractile

globules about I-2yuin size not only within a cell, but
also floating free in the medium and attached to the

surface of cells. Globules appear to be within putative

lymphocytes as well as within a cell that has spread on

the glass.

Refractile globules were not seen in cells from

mice that were untreated or had been treated with Tween

20 or tricaprin.

Spreading on Glass

Untreated cells began to spread on glass after

about 6 minutes (Fig. 51)» but the process was slow in

developing and was not complete until 60-90 minutes

had elapsed. Figure 52 shows untreated cells after

90 minutes. Many polarised, strap-like cells and fewer

round cells evolved during this time. Tricaprin treated

cells spread very rapidly on glass, the process being

complete/
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Figure 48. Cholesterol Oleate Treated Peritoneal Cells
Refractile globules of lipid are shown in a
glass-adherent cell. The largest is about
the same size as the human erythrocytes that
have been added to the culture.
A 3 hour culture X 1900.

Figure 49» Cholesterol Oleate Treated Peritoneal Cells
Massive accumulation of lipid within well-
spread, glass adherent cells.
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\

Figure 50. .dthyl Palmitate Treated Peritoneal Cells
Hefractile lipid droplets are shown within
a glass adherent cell and also attached to
and apparently within putative lymphocytes.
A Vk hour culture. X950.

Figure 51• Untreated Peritoneal Cells
These cells are shown hegining to spread
out on the glass after 6 minutes in culture.

X 950.
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Figure 52. Untreated Peritoneal Cells
After 90 minutes in culture untreated
peritoneal cells include many strap¬
like forms and fewer round forms.

X 950.
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complete in about 10 to 15 minutes. Figure 53 shows

tricaprin treated cells after 6 minutes in culture.

The proportion of round cells spread on the glass was

proportionately greater than in untreated cultures,

and remained so throughout the period of observation

(24-32 hours). Figure 54 shows a culture after 30

minutes. To some extent the well-spread appearance

has been lost because these cells had already begun to

move about. The spreading of cells treated with the

larger dose of cholesterol oleate (60 mg.) was slow to

develop fully and these cells sometimes showed unusually

phase dense cytoplasm (Fig. 55) • Tween 20-treated

cells spread rapidly on the glass and resembled the

tricaprin-treated cells in that there was an increased

proportion of round cells that had evolved early in

culture. Few ethyl palmitate-treated cells spread on

the glass; figure 50 shows ethyl palmitate-treated cells

after 90 minutes in culture.

Cell Movement

The directional movement of cells in most cultures

took the same form. Cells spread on the glass advanced

a hyaloplasmic veil in the form of one or more pseudo-

podia. Figure 56 shows an untreated cell after 3 hours

in culture displaying very large hyaloplasmic pseudo-

podia. The remainder of the cell was then drawn in

the direction of the advancing pseudopodia. Although

the direction of the movement could change abruptly,

only the ethyl palmitate treated cells showed the

abnormal/
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Figure 53. Pricaprin Treated Peritoneal Cells
The rapid spreading of cells on glass is
shown bj tricaprin treated cells after
6 minutes in culture.

X 950.
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Pigure 54. Tricaprin Treated Peritoneal Cells
After 30 minutes in culture the well-spread
appearance of tricaprin treated cells is
altered "by the early development of cell
movement•

X 950.

Figure 55* Cholesterol Oleate Treated Peritoneal Cells
Slow spreading on glass and abnormal phase-
dense cytoplasm are shown by some peritoneal
cells treated with this lipid.
A 2 hour culture.

X 1,900.
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Figure 56. Untreated Peritoneal Cells
A motile glass-adherent cell shows large
hyaloplasmic veils indicating the general
direction of the movement.
A 5 hour culture.

X 1,900.



-167-

abnormal, ' to and fro* movement. This treatment was

also associated with the rapid formation and retraction

of club-shaped pseudopodia. The rapid retraction of

such a process is shown in figures 57 and 58 covering

a time of only 60 seconds.

Evidence of a Toxic effect

Cell death was only significant in cultures of

ethyl palmitate-treated cells. Figure 59 shows a
t

recently dead cell. Another seemingly toxic effect

was the abnormal movement and formation of club-shaped

pseudopodia shown by ethyl palmitate-treated cells.

This was not seen in the other cultures. Abnormal

phase density is of doubtful significance and cells

treated with cholesterol oleate which showed this

feature survived in culture for more than 24 hours.

Judging from the reduction in the number of lipid

globules at this time, these cells had remained

metabolically active. The lipid could still be seen

in well-spread cells after 24 hours (Fig. 60). Figure

61 shows that tricaprin treated cells had formed a

monolayer at 24 hours and there are no signs of any

toxic effect.

Finocytotic activity

Figure 62 shows the conspicuous vacuolation

resulting from intense pinocytosis by a tricaprin-

treated cell after only 5 hours in culture. This

amount of pinocytotic activity early in culture was

uncommonly exhibited by any other cells and very little

such/
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Figure 57.

Figure 58. Jithyl Palmitate Treated Peritoneal Cells
The rapid retraction of an abnormal club-
shaped pseudopodium (centre) is shown.
The time between these two frames is about
I minute.
A 5 hour culture. X 1,900.
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0P' 1
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figure 59. Jtbyl Palmitate Treated Peritoneal Cells
Death of a cell is shown (centre). The cell
has become spheroidal and in a time-lapse
sequence, Brownian movement of cytoplasmic
organelles was evident. A 90 minute culture.

X 950.

Figure 60. Cholesterol Oleate Treated Peritoneal Cells
Lipid is still present in some cells after
24 hours in culture, but in general the amounts
in individual cells were less than those found
during the first few hours.

X 1,900.
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Figure 61. Tricaprin Treated Peritoneal Cells
After 24 hours in culture tricaprin treated
cells have formed a monolayer showing no
toxic changes.

X 950.

Figure 62. Tricaprin Treated Peritoneal Cells
After 3 hours in culture many tricaprin
treated cells show intense pinocytotic
activity. Peripolesis by lymphocytes is
also shown.

X 1,900.
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such activity was shown by ethyl palmitate-treated

cells.

Phagocytosis of human erythrocytes

Tricaprin-treated cells were avidly phagocytic;

figure 63 shows such a cell which had ingested eight

erythrocytes. Cholesterol oleate-treated cells showed

a delay in starting to ingest erythrocytes and figure

48 shows such a cell just begining to phagocytose, more

than 30 minutes after erythrocytes were added to the

culture, iithyl palmitate treated cells did not

phagocytose erythrocytes and there seemed to be a

failure of attachment of erythrocytes to the peritoneal

cells (Fig. 64)«
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Figure 63. Tricaprin Treated Peritoneal Cells
The cell on the left has ingested eight
erythrocytes in rapid succession. At
the lower pole of the cell an erythrocyte
is being engulfed.
A 24 hour culture.

X 1,900.

Figure 64. jithyl Palmitate Treated Peritoneal Cells
The failure of attachment of oponised
erythrocytes to a well—spread glass adherent
cell is shown.

X 1,900.
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Summary of the Findings in the Studies
of Cultured Peritoneal Cells

Tricaprin Treatment

Tricaprin was not identified within peritoneal

cells in culture. No toxic effect was apparent.

Peritoneal cells spread out on the glass more rapidly

than untreated peritoneal cells. A high proportion of

peritoneal cells were of the round type, unlike untreated

cells, the majority of which assumed a strap-like form

as they spread on the glass. Motility was exhibited

earlier in culture and remained more conspicuous than

in any otaer situation throughout the whole period of

observation (up to 32 hours). Pinocytosis was displayed

early in culture and was more conspicuous after treat¬

ment with this lipid than in any other situation.

Phagocytosis of opsonised, heterologous erythrocytes

was rapid and efficient.

5tfayl Pa Imitate Treatment

Treatment with this lipid resulted in low yields

of glass-adherent peritoneal cells and mo3t cells seen

in cultures were judged to be lymphocytes. Cell death

was conspicuous early in culture and few cells survived

for up to 24 hours. lymphocytes were affected as well

as glass-adherent cells. With a low dose of the lipid,

the proportion of glass-adherent cells was increased

and these tended to display abnormal cytoplasmic

movements. Pinocytosis was not a conspicuous feature

in these cultures. Opsonised, heterologous erythrocytes

did/
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did not adhere to adherent or non-adherent peritoneal

cells and ingestion of erythrocytes was a rare event.

Ethyl palmitate had been ingested by lymphocytes as v/ell

as by adherent cells. This lipid was judged to have a

direct cytotoxic effect which seemed to have affected

macrophages predominantly, but also affected lymphocytes,

judging from the death of many of these cells early in

culture.

Cholesterol Qleate Treatment

This lipid did not seem to induce severe cell

damage and cells that had ingested large amounts of the

lipid were able to catabolise appreciable amounts of it

within 24 hours in culture. The lipid was present in

many adherent cells, but was not identified in lympho¬

cytes. Spreading of some cells on the glass was delayed,

pinocytotic activity was not conspicuous and the

motility of adherent cells was apparently reduced,

compared with untreated peritoneal cells. Phagocytosis

of opsonised, heterologous erythrocytes was relatively

efficient once it had commenced, but there was a delay in

the initiation of phagocytosis. This delay could be

judged by the fact that phagocytosis did not commence

until erythrocytes had lost their crenated appearance

which generally persisted for at least $0 minutes after

the erythrocyte preparation had been added to the

cultures. In part, the delay was associated with a

relatively slow rate of attachment of erythrocytes to

the adherent cells. This attachment also tended to be

less stable than that found in other situations.

Tween/
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Tween 20 Treatment

No toxic effect resulted from this treatment. The

peritoneal cells spread out on the glass rapidly, hut

pinocytotic activity and motility of the adherent cells

were not displayed as early in culture as in the

tricaprin treated peritoneal cell culture. The adherent

cell population, nevertheless, resembled that in the

tricaprin situation, in so far as most of the cells were

of the round type. Phagocytosis of opsonised, hetero¬

logous erythrocytes did not seem to be as efficient as

in the tricaprin situation. For instance, ingestion

of numerous erythrocytes by individual peritoneal cells

was a conspicuous feature only after tricaprin treatment.

Escape of erythrocytes after partial ingestion was

relatively common in untreated and Tween 20 treated cell

preparations, but was not observed in the tricaprin

treated peritoneal cell preparations.

Saline Treated Erythrocytes

iilxposing human erythrocytes to a large excess of

saline for about 18 hours (mild saline injury, Habeshaw,

personal communication) provided a test particle that

demonstrated the prolonged, stable attachment of

erythrocytes to peritoneal cells without much subsequent

engulfment. This situation was useful for comparing a

stable attachment with the relatively unstable attach¬

ment shown by the contact of opsonised, heterologous

erythrocytes with cholesterol oleate treated peritoneal

cells.
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The electron Microscopic Appearance of Peritoneal
Cells Derived from Untreated Mice and Mice Treated

with. Intraperitoneal Injection of
Tricaprin or Tween 20

The peritoneal cells from all these groups of

mice consisted mainly of monocytoid cells, hut included

lymphocytoid cells, eosinophil granulocytes, mast cells

and neutrophil granulocytes. The proportion of eosino¬

phil granulocytes and mast cells was small and neutro¬

phil granulocytes were uncommon. Attention was confined

to the monocytoid cells. In all groups of mice, the

monocytoid cells could be divided into two types. One

type had a relatively high nucleo-cytoplasmic ratio.

Its nucleus tended to have a convoluted outline (Fig.

65). The cytoplasm contained a small number of mito¬

chondria, a moderate number of JS.H. profiles, a few

polyribosomes and dense, lysosome-like bodies and

usually a single Golgi complex. Surface invaginations

were usually conspicuous in these cells, appearing as

peripheral spaces of differing shapes. The cells showing

the latter features from 0-20 mice had a positive

peroxidase reaction in their nuclear envelope and endo¬

plasmic reticulum (Fig. 66). These cells resemble

the so-called, resident macrophages of the guinea-pig

described by baems and Brederoo (1970) and Brederoo

(1972).

Compared with the first type of monocytoid cell,

the second type was larger with a lower nucleo-cyto¬

plasmic ratio. The nucleus was usually much less

convoluted/



-178-

Figure 65. Untreated fuck*3 T 0 Strain
'fhe peritoneal cell shows the serpigenous
outline of the nucleus and peripheral
invaginations that appear to be characteristic
of resident peritoneal macrophages, jfixed by
Hirsch-JPedorko method. Araldite embedded,
stained with lead citrate.

X 15,000.
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Figure 66. Untreated 0-20 Strain
The so-called resident peritoneal cell
shows a positive peroxidase reaction
with electron dense reaction product
situated in the membranes of the nuclear
envelope and endoplasmic reticulum.
Sequentially fixed, Spon embedded, stained
with lead citrate.

X 10,000.
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convoluted in outline. The more abundant cytoplasm

contained many small vesicles and showed few surface

invaginations. Several Golgi complexes were usually

present. Polyribosomes, mitochondria and dense bodies

were more numerous, whereas ifi.R. profiles were few,

(Pig. 67). This type of cell derived from 0-20 mice

did not show a peroxidase-positive reaction in its

nuclear envelope and endoplasmic reticulum (Pig. 68).

The cell yields from all three groups of untreated

mice included a high proportion of the monocytoid cells

of the first type (putative resident macrophages).

The cell yields from Swiss and 0/20 mice treated with

Tween 20 or tricaprin included a high proportion of

the larger, organelie-rich monocytoid cells lacking

peripheral invaginations. They did not show peroxidase

activity in the nuclear envelope and endoplasmic

reticulum, but did show reaction product in phagocytic

vacuoles containing osmiophilic lipid (Pig. 69). The

large, organelie-rich cells resemble blood monocytes

depicted by Hirsch and Fedorko (1970). These findings

suggest that the intraperitoneal injections of tricaprin

or Tween 20 had induced a peritoneal exudate, rich in

mononuclear phagocytes derived from the blood, and are

of value in demonstrating that neither of these treat¬

ments seemed to have resulted in any obvious ♦toxic*

damage to the peritoneal cells. On the other hand, they

did not indicate that the more active behaviour of

tricaprin-treated peritoneal cells was due to the

presence of a morphologically different population of

cells/
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Figure 67. Tricaprin Eceated Swiss Strain
The peritoneal cell shows the organelle
rich character of exudate cells forming
the majority of the cell population in
the peritoneal sac after the injection
of tricaprin or Tween 20. Fixed by the
Hirsch-Fedorko method, mpon embedded,
stained with lead citrate.

X 10,000.



Figure 68. Tricaprin Treated 0-20 Strain
The peritoneal cell shows deposits of lipid
in the cytoplasm. Wo peroxidase reaction
product is present in the nuclear envelope
and endoplasmic reticulum, hut is present
in the lipid vacuoles. Sequentially fixed,
jipon embedded, stained with lead citrate.

X 10,000.
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figure 69* Tricaprin Treated 0-20 Mice
Qsmiophilic lipid is present within vacuoles
that show peroxidase reaction product on the
vacuolar membranes• The nuclear envelope and
endoplasmic reticulum are peroxidase negative,
oequentially fixed, jSpon embedded, otained
with lead citrate.

X 40,000
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cells from that derived from Tween 20 treated mice.

The ultrastruetural and phase contrast studies of

peritoneal cells suggest that the putative resident

macrophage is the cell that assumes a strap-like form

early in culture, while the round type of cell is the

exudate macrophage (monocyte) derived from the "blood.

From the results of the peroxidase reaction, it would

appear that the exudate macrophages can exhibit per¬

oxidase activity within phagocytic vacuoles after the

ingestion of tricaprin. From this finding it can be

inferred that monocytes contain inducible peroxidase

activity and it is of note in this respect that bone

marrow promonocytes show peroxidase activity that is

even visible on light microscopic examination (Hirsch

and Fedorko, 1970). It cannot be inferred from the

present findings alone that the so-called resident

macrophage has a different derivation from the exudate

cell, and in conformity with current opinion it is
reasonable to postulate that the different ultra-

structural appearances of the two forms of peritoneal

macrophage are related to the duration of their stay

in the peritoneal environment and not to their different

derivation.
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The Qlearance of -^Or-labelled Sheep .fir.ythroc.ytes
in Untreated and Lipid Treated Mice

The graphs showing the clearance of the 10 per

cent, preparation of sheep erythrocytes over the first

10 minutes after the injection are shovm in figures 70

to 73-

The clearance rates each group are shown

in Table 5«

Interpreting the £jq70 values in the conventional
manner, it is evident that tricaprin treatment did not

appear to have induced a substantial change in the

efficiency of phagocytosis by the HiiS. On the other

hand, judging from the values in the cholesterol

oleate and ethyl palmitate treated mice, treatment with

these lipids had induced a substantial degree of

depression of phagocytosis by the &JjS.

The graphs showing the clearance of the 2.5 per

cent, preparation of sheep erythrocytes are shown in

figures 74- to 77*

The values for each group are shown in Table

6*

Untreated mice showed ^2.5% values "that were
smaller than the theoretical prediction, assuming that

the value K is inversely proportional to the dose of

particles. (Biozzi at al. 1953)* This relationship,

however, is limited by the fact that K reaches a maximum

value (Kfflgy ) with doses of particles below a critical
value. On the basis of the present relationship between

the and &2.5% values, it appeared that O.I ml. of
the/
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Minute s

jfigure 70. Untreated mice
The graph sho^s the rates of clearance of
the 10 per cent, preparation of 5*0r-labelled
sheep erythrocytes in four mice, values for

)■% are 3hown 'Table 5.
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Minutes

Figure 71* fricaprin Treated Mice
The graph shows the rates of clearance of
the 10 per cent# preparation of ^Or-
labelled sheep erythrocytes in four mice.
Values for are shown in Table 5*
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Minutes

JFigure 72# liithyl Palmitate Treated wice
The graph shows the rates of clearance of
the 10 per cent, preparation of 5lcr-
labelled sheep erythrocytes in three mice.
Values for are shown in Table 5*
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Jfigure 73* Cholesterol Qlaate Treated kice
The graph shows the rates of clearance of
the 10 per cent, preparation of 51 Cr-
labelled sheep erythrocytes in four mice.
Values for are shown in Table 5*
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TABLft 5

THE CLEARANCE OP A 10% SUSPENSION
OP 5' CivLABELLED SHEEP ERYTHROCYTES

K10% VALUES DERIVED PROM GRAPHS

UNTREATED

1. 1.87 - 1.30/10 - 0.057

2. 1.85 — 1.08/10 m 0.077

3. 1.81 - 0.92/10 • 0.089
MEAN 0.084

4. 1.86 - O • —J o 2 0.114

TRICAPRIN

1. 1.97 - 1.53/10 = 0.044

2. 1.75 - 1.32/10 2 0.043

3. 1.85 - 1.02/10 « 0.083
MEAN 0.063

4. 1.73 - 0.93/10 2 0.080

ETHYL
PALMTTATE

1. 1.94 - 1.85/10 2 0.009

2. 1.89 - 1.73/10 2 0.016 MEAN 0.017

3. 1.65 - 1.40/10 0.025

CHOLESTEROL
OLEATE

1. 1.89 - 1.63/10 XT 0.026

2. 1.87 — 1.56/10 S 0.031

3. 1.72 - 1.53/10 s 0.019
MEAN 0.025

4. 1.61 - 1.38/10 s 0.023
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ANTIGEN ONLY

ANTIGEN ONLY

Figure 74* Untreated Mice
The graphs show the rates of clearance of
the 2#5 per cent preparation of 5X0r-
labelled sheep erythrocytes in four mice.
Values for Kg ^ are shown in Table 6.
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Minute s

figure 75• Tricaprin Treated Mice
The graphs show the rates of clearance of
the 2»5 per cent, preparation of ?Icr-
labelled sheep erythrocytes in four mice.
Values for Kg ^ shown in Table 6
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Minutes

Figure 76. Mthyl Palmitate Treated Mice
The graphs show the rates of clearance of
the 2.5 per cent, preparation of 51cr-
labelled sheep erythrocytes in four mice#
Values for Kg ^ are shown in Table 6.
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Figure 77* Cholesterol Oleate Treated Mice
The graphs show the rates of clearance
of the 2.5 per cent, preparation of 5icr-
labelled sheep erythrocytes in three mice.
Values for are shown in Table 6.
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TABiiB 6

THE CLEARANCE OF A 2.5% SUSPENSION
OF 51Cr-LABELLED SHEEP ERYTHROCYTES

*2.5% VALUES DERIVED FROM GRAPHS

UNTREATED

1. 1.20 - 0.06/10 m 0.114

2. 1.10 — 0.08/10 m 0.102

3. 1.13 - 1.99/10 m 0.114
MEAN 0.113

4. 1.19 - 1.96/10 ' 0.123

TRICAPRIN

1. 1.27 - 0.56/10 - 0.071

2. 1.37 - 0.25/10 s 0.112
MEAN o.°75

3. 1.23 - 0.75/10 - 0.048

4. 1.07 - 0.36/10 s 0.071

ETHYL
PALMITATE

1. 1.34 - 1.18/10 - 0.016

2. 1.19 - 0.97/10 - 0.022 MEAN 0.015
3. 1.31 - 1.17/10 - 0.014

4. 1.25 -1.14/10 - 0.009

CHOLESTEROL
OLEATE

1. 1.27 - 1.03/10 - 0.024
MEAN 0.026

2. 1.21 - 0.87/10 - 0.034

3. 1.19 — 0.98/10 - 0.021
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tha 2.5 per cent, erythrocyte preparation was less than

the critical dose and that the ^2.5% v313® •quailed
^iie ^max *

From the Kjand &2#cj% values, the critical dose
can be calculated (Biozzi et aJ., 1955).

Critical dose = %xof0 I)03®
^Smax

= 0.084 X IQ8
O.II5

= 7*45 i IQ7 particles
(sheep erythrocytes)

These values for (0.II3) and the critical

d03e (7*43 A IO7) differ from those cited by Btiffel,

et al. (1970) in a similar experimental situation

(KmaXi = 0.170-180 and critical dose = 2.5 X IO7), but
judging from the K„, values cited by these antttors in

v

carbon clearance tests and those found using the LaCA

mice, some differences were to be expected.

The &2.5% values iu the lipid treated mice were
very similar to the values. As far as ethyl

palaitate and cholesterol oleate treatments are

concerned, the &2otjf0 values imply that substantial
depression of phagocytosis by the SiS3 had been induced.

Some of the tricaprin treated mice also seem to

have had some degree of RiiiB blockade with regard to

sheep erythrocytes and this inference has some support

from the results of the distribution studies that showed

that the blood levels in the tricaprin treated mice were

slightly higher than those in the untreated mice during

the/
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ttie first 24 hours after the injection of "both 10 per

cent, and 2,5 per cent, erythrocyte suspensions.

The lack of an inversely proportional relationship

between the K values and the doses of the injected

particles, that was exhibited by the lipid treated

mice, cannot be explained by the me-food that seemed to

be appropriate in the untreated groups of mice.

According to uobson and Jones (1952), Benacerraf et al.

(1957) and Halpern et al. (1956), doses of many types

of particles below the critical dose are cleared by

the liver macrophages in a single passage with an

efficiency of 80 per cent, or more, implying that

correspondingly low blood levels will be found at the

end of a clearance test, jiVen allowing for the lower

efficiency of hepatic clearance found when sheep

erythrocytes are the test particle (Btiffel, et al.

1970), blood levels of the order found in the lipid

treated mice one hour after being injected with the

2.5 per cent, erythrocyte suspension (Table 17)

would not be expected if the dose were subcritical.

The blood levels in the untreated mice, on the other

hand, were of an order appropriate to the theoretical

prediction, for a subcritical dose.

Judging from the blood levels one hour after the

injection of sheep erythrocytes, which indicate that

the particles were not cleared in a single passage

through the liver, it can be inferred that 0.1 ml.

of the 2.5 per cent, erythrocyte suspension was

greater/
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greater than the critical dose for the mice treated

with ethyl palmitate and cholesterol oleate, in

particular. In view of this, the lack of an inverse

relationship between the K values and the dose of the

particles would have to be explained on a different

basis than that apparently appropriate to the untreated

mice. For this purpose, however, more data than is at

present available would be required. To consider only

one ifeem, any substantial deviation from the normal

hepatic blood flow would affect the clearance rate.

«*hen it is remembered that cholesterol oleate treat¬

ment, for instance, resulted in massive vacuolation

and corresponding enlargement of Kupffer cells,

alteration in the blood flow through liver sinusoids

is not improbable.
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The distribution of the 10 per cent, buspension of the
■ i*——— ■■ ii ■—————<lh— ■■ i ■■

^hir-labelled Sheep Erythrocytes in Untreated and Lipid
Treated Mice

The distribution of -^Gr-labelled erythrocytes in

individual mice at intervals from one hour to 8 days

after the injection of a 10 per cent, erythrocyte

suspension is shown in 'Tables 7 to 12. The mean values

are shown in Tables 13 to 16. From these tables figures

78 and 79 were compiled.

•Treatment with ethyl paMitate and cholesterol

oleate was associated with a considerable delay in the

clearance of labelled erythrocytes from the blood and

the levels were raised considerably up to 4 hours after

the injection. After 24 hours, the blood levels were

still higher than in the urntreated mice. The lungs of

mice in these two lipid treated groups showed increased

retention of labelled erythrocytes; although these

levels paralleled the blood levels, they are too high

to be due simply to the circulating blood content. The

levels in the lungs of the untreated and tricaprin

treated mice were low.

The levels in the livers of the untreated and

tricaprin treated mice were equivalent to roughly half

the injected dose during the first three days. On the

other hand, the levels in the livers of the cholesterol

oleate and ethyl palmitate treated mice did not exceed

20 per cent, of the injected dose during the same period.

The spleens of all, but the cholesterol oleate

treated mice, retained less than 10 per cent, of the

inj ec ted/



liiBiiS 7

THE DISTRIBUTION OP 51 Gr - LABELLED SHEEP ERYTHROCYTES ONE
HOUR TO EIGHT DAYS AFTER THE INJECTION OP A 1C$ SUSPENSION

1 HOUR

TREATMENT
0.1ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS PUfURS

LYMPH
NODES

UNTREATED 0.06 58.11 5-30 2.89 0.64 0.10 0.02

0.09 77.48 4.54 3.13 1.07 0.08 0.03

0.08 52.03 5.01 4.55 0.71 0.15 0.05

0.10 54.64 7.68 3.12 0.58 0.15 0.02

MEAN 0.08 60.57 5-63 3.42 0.75 0.12 0.03

TRICAPRIN 0.17 63.75 7.54 1.25 0.56 0.08 0.02

0.30 54.65 14.09 2.81 2.66 0.12 0.04

0.15 43.65 9.25 2.39 2.99 0.16 0.02

0.12 54.71 5.83 0.80 0.43 0.07 0.07

MEAN 0.19 54.19 9.18 1.81 1.66 0.11 0.04

ETHYL
PALMITATE 4.93 7.22 0.32 4.00 20.72 0.27 0.13

3.24 5-78 0 3.91 20.21 0.00 0.12

3.92 7.33 0.33 4.90 14.03 0.51 0.07

0.73 5.12 0.36 11.24 5.91 0.27 0.09

MEAN 3.21 6.36 0.34 6.01 15.22 0.26 0.10

CHOLESTEROL
OLEATE 1.26 8.81 26.66 3-40 10.52 0.53 0.06

0.68 4.31 15.10 2.22 6.28 0.29 0.06

1.15 5.93 17.88 2.58 7.02 0.43 0.07

1.93 8.09 22.19 5.36 10.68 0.47 0.05

1.81 8.46 11.79 1.63 7.26 O.23 0.08

MEAN 1.37 7.12 18.72 3.04 8.35 0.43 0.06
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ia.bl3 8

4 hours

treatment
0.1ml
blood liver spleen kidneys lungs fiajurs

lyme
nodes

untreated 0.07 33-77 1.85 5.55 0.14 0.17 0.03

0.09 36.28 1.46 6.11 0.12 0.14 0.43

0.06 50.04 2.72 8.52 0.18 0.23 0.02

0.05 42.80 2.05 7-58 0.13 0.20 0.02

0.07 40.72 2.02 6.94 0.14 0.19 0.13

TRICAPRIN 0.12 43.00 5.80 6.13 4.49 0.15 0.02

0.11 44.71 4.81 6.90 0.22 0.11 0.03

0.10 41.58 7.89 3-70 0.68 0.17 0.04

0.09 41.67 4.40 7.26 0.57 0.12 0.02

0.10 42.74 5.72 6.00 1.44 0.14 0.03

ethyl
paiaiitate 1.25 13.75 1.36 3.49 4.09 1.96 0.05

1.04 2.97 0.11 5.29 3.93 0.27 0.06

1.70 14.90 4.35 4.36 3.92 0.57 0.07

1.33 10.54 1.94 4.38 3-98 0.93 VOO•O

cholesterol
oleate 1.91 6.12 7.48 6.70 2.86 0.26 0.12

0.32 6.57 21.44 6.23 1.76 0.63 0.03

0.67 8.34 27.11 5.80 2.71 0.73 0.07

1.33 9.02 14.89 2.79 5.66 0.39 0.06

0.59 7.62 20.56 1.43 4.93 0.41 0.08

0.96 7.53 18.50 4.59 3.58 0.48 0.07
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TABLiS 9

1 DAY

TREATMENT
0.1ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS FOJURS

LYMFB
NODES

UNTREATED 0.01 47.54 3.44 2.01 0.05 0.16 0.01

0.01 43.01 6.08 2.35 0.05 0.14 0.01

0.20 39.61 3.68 1.56 0.02 0.08 0.01

0.01 56.93 4.31 2.36 0.01 0.09 0.01

0.06 46.77 4.38 2.12 0.05 0.11 0.01

TRICAPRIN 0.01 61.58 13.14 0.43 0.19 0.18 0.01

0.02 56.45 8.01 0.76 0.16 0.16 0.02

0.02 57.65 9-84 0.37 0.19 0.13 0.01

0.02 47-54 7.71 0.49 0.09 0.11 0.02

0.31 69.91 8.39 4.07 0.20 0.24 0.02

0.51 69.50 6.42 3.53 0.37 0.15 0.31

0.18 60.44 8.94 1.61 0.20 0.17 0.01

ETHYL
PAIMITATE 0.04 16.12 0.61 1.88 4.68 3-47 0.10

0.15 12.59 0.11 1.23 10.21 1.27 0.12

0.04 18.18 4.91 1.50 3.81 1.24 0.10

0.83 7.91 1.78 1.63 7.64 2.58 0.11

0.27 13.70 2.02 1.56 6.59 2.14 0.11

CHOLESTEROL
OLEATE 0.04 6.36 34.29 0.57 0.93 0.82 0.04

0.02 7.03 37.11 0.44 0.35 0.61 0.02

0.03 8.33 27.93 0.66 1.05 0.96 0.02

0.04 4.79 47.54 0.41 0.38 1.00 0.01

2.09 8.60 48.45 1.12 1.36 1.56 0.10

0.44 7.02 59.06 O.64 0.82 0.99 0.04
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TaBLi!) 10

3 DAYS

TREATMENT
0.1ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS FEMURS

LYMPH
NODES

UNTREATED 0.01 44.34 2.89 4.27 0.08 0.20 0.02

0.00 45.45 2.65 1.57 0.02 0.14 0.01

0.00 49.99 4.99 3.38 0.06 0.22 0.01

0.00 88.16 2.72 2.72 0.06 0.00 0.02

0.00 56.99 3.33 2.98 0.06 0.14 0.02

TRICAPRIN 0.01 37.43 2.45 2.03 0.05 0.11 0.01

0.01 40.54 3.64 2.80 0.08 0.18 0.02

0.02 61.14 3-67 2.44 0.15 0.18 0.03

0.02 73.76 5.30 2.75 0.11 0.19 0.05

0.02 53.22 3.77 2.51 0.10 0.17 0.03

ETHYL
PALMITATE 0.02 15.84 6.21 1.80 0.26 1.60 0.06

0.02 21.61 3.26 0.75 0.18 1.17 0.03

0.02 13.75 1.19 1.05 1.20 2.64 0.15

0.01 20.26 5.83 0.61 0.27 1.71 0.09

0.02 17.87 4.12 1.05 0.48 1.78 0.08

CHOLESTEROL
OLEATE 0.02 7.76 7.80 3.62 0.45 0.68 0.06

0.01 8.14 17.84 0.59 0.92 0.90 0.05

0.02 11.94 21.26 0.72 0.52 1.19 0.02

0.05 11.55 48.90 1.38 0.83 1.67 0.12

0.04 8.97 61.95 1.06 0.76 1.71 0.05

0.03 9.73 31.55 1.47 0.70 1.23 0.06
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TABLS II

6 DAYS

TREATMENT
0.1ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS FEMURS

LYMPH
NODES

UNTREATED 0.01 30.23 3-29 2.40 0.03 0.18 0.02

0.00 39.53 2.76 2.78 0.04 0.28 0.02

0.00 33-27 2.65 0.73 0.02 0.09 0.16

0.00 33.91 5.67 0.89 0.02 0.10 0.01

0.00 34.24 3-59 1.70 0.03 0.16 0.05

TRICAPRIN 0.01 36.20 2.75 1.78 0.04 0.23 0.04

0.01 35.81 5.68 1.66 0.06 0.21 0.02

0.01 51.75 4.24 1.45 0.05 0.20 0.01

0.01 41.25 4.22 1.63 0.05 0.21 0.02

ETHYL
PAUGTATE 0.01 13.57 6.62 1.26 0.07 1.37 0.04

0.01 20.34 0.97 1.34 0.12 1.18 0.06

0.00 14.51 4.27 0.40 0.06 1.15 0.03

0.00 14.46 6.37 0.41 0.05 1.52 0.02

0.01 15.72 4.56 0.85 0.08 1.31 0.04

CHOLESTEROL
OLEATE 0.01 6.97 6.74 2.09 0.44 0.53 0.04

0.01 7.10 13.11 2.26 0.36 0.88 0.06

0.01 8.48 14.16 0.74 0.44 0.86 0.02

0.00 11.13 9.07 0.76 0.48 0.78 0.03

0.01 4.45 6.67 0.77 0.25 0.42 0.11

0.01 7.65 9.95 1.35 0.39 0.69 0.05
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aikBLiS 12

8 LAYS

TREATMENT
0.1ml
BLOOL LIVER SPLEEN KIDNEYS LUNGS FEMURS

LYMFH
NODES

UNTREATED 0.00 11.80 2.94 2.75 0.10 0.36 0.02

0.00 18.69 1.11 1.48 0.02 0.13 0.01

0.00 34.51 3.57 0.83 0.01 0.11 0.01

0.00 33.08 4.79 0.83 0.01 0.17 0.01

0.00 24.52 3.10 1.47 0.04 0.19 0.01

TRICAPRIN 0.00 31.18 2.99 1.27 0.05 0.14 0.01

0.00 31.84 3.61 1.45 0.04 0.04 0.18

0.00 71.69 4.63 0.44 0.04 0.20 0.01

0.00 44.90 3.74 1.05 0.04 0.13 0.07

ETHYL
PAIMITATE 0.00 15.47 13.46 0.95 0.08 1.12 0.03

0.00 12.57 7.62 1.26 0.09 1.57 0.03

0.00 13.86 1.73 0.35 0.03 0.92 0.03

0.00 11.39 4.66 0.39 0.06 1.01 0.03

0.00 13.32 6.87 0.74 0.07 1.16 0.03

CHOLESTEROL
OLEATE 0.03 6.60 15.43 1.39 0.02 0.78 0.03

0.00 10.60 7.40 0.46 0.40 0.75 0.02

0.00 6.62 27.33 0.39 0.21 0.62 0.01

0.01 7.91 16.72 0.75 0.21 0.72 0.02
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THE DISTRIBUTION OP Cr - LABELLED SHEEP
ERYTHROCYTES ONE HOUR TO EIGHT DAYS APTER
AN INJECTION OP A 10$ SUSPENSION

PERCENTAGE MEAN VALUES

UNTREATED

TIME
1.0ml

BLOOD LIVER SPLEEN KIDNEYS LUNGS FEMURS
LYMPH
NODES

1 HOUR 0.8 60.8 5.6 3.4 0.8 0.1 0.0

+0.1 +11.5 +1.4 +0.8 +0.2 +0.0 +0.0

4 HOURS 0.7 40.7 2.0 6.9 0.1 0.2 0.1

+0.1 + 7.3 +0.5 +1.4 +0.0 +0.0 +0.2

1 DAY 0.6 46.8 4.4 2.1 0.1 0.1 0.0

+1.0 + 7.5 +1.2 +0.4 +0.0 +0.0 +0.0

3 DAYS 0.0 57.0 3.3 3.0 0.1 0.1 0.0

+0.0 +20.9 +1'1 I1*1 +0.0 +0.1 +0.0

6 DAYS 0.0 34.2 3.6 1.7 0.0 0.2 0.1

+0.0 + 3.9 +1.4 +1.0 +0.0 +0.1 +0.1

8 DAYS 0.0 24.5 3.1 1.5 0.0 0.2 0.0

+0.0 +11.1 +1.5 +0.9 +0.0 +0.1 +0.0
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TABLjS 14

THE DISTRIBUTION OP ^ Cr - LABELLED SHEEP
ERYTHROCYTES ONE HOUR TO EIGHT DAYS AFTER
AN INJECTION OP A 10% SUSPENSION

PERCENTAGE MEAN VALUES

TRICAPRIN

T7OT " LYMPil
TIME BLOOD LIVER SPLEEN KIDNEYS LUNGS 5EMURS NODES

1 HOUR 1.9 54.2 9.2 1.8 1.7 0.1 0.0

+0.7 + 8.2 +3.6 +0.9 +1.4 +0.0 +0.0

4 HOURS 1.0 42.7 5.7 6.0 1.4 0.1 0.0

+0.1 + 1.5 +1.6 +1.6 +2.0 +0.0 +0.0

1 DAY 1.5 60.4 8.9 1.6 0.2 0.2 0.1

+2.1 + 8.5 +2.3 +1.7 +0.1 +0.1 +0.1

3 DAYS 0.2 53.2 3.8 2.5 0.1 0.2 0.0

+0.1 +17.3 +1.2 +0.4 +0.0 +0.0 +0.0

6 DAYS 0.0 41.3 4.2 1.6 0.1 0.2 0.0

+0.0 + 9.1 +1.5 +0.2 +0.0 +0.0 +0.0

8 DAYS 0.0 44.9 3.7 1.1 0.0 0.1 0.1

+0.0 +23.2 +0.8 +0.5 +0.0 +0.1 +0.1
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I&BLa! 15

THE DISTRIBUTION OP 5 Cr - LABELLED SHEEP
ERYTHROCYTES ONE HOUR TO EIGHT DAYS AFTER
AN INJECTION OF A 10# SUSPENSION

PERCENTAGE MEAN VALUES

ETHYL PALMITATE

TIME
1.0ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS FEMURS

LYMPH
NODES

1 HOUR 32.1 6.4 0.3 6.0 15.2 0.3 0.1

+17.9 + 1.1 +0.0 +3.5 _+ 6.9 +0.2 +0.0

4 HOURS 13.3 10.5 1.9 4.4 4.0 0.9 0.1

+ 3.4 + 6.6 +2.2 +0.9 +_ 1.0 +0.9 +0.0

1 DAY 2.7 13.7 2.0 1.6 6.6 2.1 0.1

+ 3.8 + 4.5 +2.0 +0.3 _+ 2.9 +1.1 +0.0

3 DAYS 0.2 17.9 4.1 1.1 0.5 1.8 0.1

+ 0.1 + 3.7 +2.4 +0.5 _+ 0.5 _+0.6 +0.1

6 DAYS 0.1 15.8 4.6 0.9 0.1 1.3 0.0

+ 0.1 + 3.1 ^2.6 +0.5 _+ 0.0 +0.2 +0.0

8 DAYS 0.0 13.3 6.9 0.7 0.1 1.2 0.0

+ 0.0 + 1.8 +5.0 +0.4 _+ 0.0 +0.3 +0.0
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aJABLdi 16

THE DISTRIBUTION OP 5 Cr - LABELLED SHEEP
ERYTHROCYTES ONE HOUR TO EIGHT DAYS AFTER
AN INJECTION OP A 1C$ SUSPENSION

PERCENTAGE MEAN VALUES

CHOLESTEROL OLEATE

TIME
1.0ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS FEI<IURS

LYMPH
NODES

1 HOUR 13.7 7.1 18.7 3.0 8.4 0.4 0.1

+ 5.1 +1.9 + 5.9 +1.3 +2.]. +0.1 +0.0

4 HOURS 9.6 7.5 18.3 4.6 3.6 0.5 0.1',
+ 6.5 +1.2 + 7.4 +2.3 +1.6 +0.2 +0.0

1 DAY 4.4 7.0 39.1 0.6 0.8 1.0 0.0

+ 9.2 +1.6 co.CO+1 +0.3 +0.4 +0.4 +0.0

3 DAYS 0.3 9.7 31.6 1.5 0.7 1.2 0.1

+ 0.2 +2.0 +22.8 +1.2 +0.2 +0.5 +0.0

6 DATS 0.1 7.6 10.0 1.4 0.4 0.7 0.1

+ 0.0 +2.4 + 3.5 +0.8 +0.1 +0.2 +0.0

8 DAYS 0.0 7.9 16.7 0.8 0.2 0.7 0.0

+ 0.0 +2.3 +10.0 +0.6 +0.2 +0.1 +0.0
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Figure 78. The distribution of ^ Or-labelled sheep
erythrocytes in the blood, liver and spleen
after the injection of the IO per cent,
preparation, derived from the data in Tables
12 to 15.
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KIDNEYS

Ihr. 4hrs
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LYMPH NODES
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figure 79 • She distribution of Or-labelled sheep
erythrocytes in icidneys, lungs, femurs and
lymph nodes after the injection of the 10
per cent, preparation derived from the data
in Tables 12 to 15•
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injected dose at all intervals, whereas the latter mice

retained up to 4-0 per cent, on the third day, and the

level was higher than that in the other groups through¬

out the whole period of 8 days.

The levels in the femurs of the ethyl palmitate

treated mice rose to a mean level of 2.1 per cent, of

the injected dose after 24 hours. As the femurs contain

only a proportion of the total bone marrow mass, it is

evident that the total bone marrow level represented

a substantial proportion of the injected dose.

Cholesterol oleate treatment induced an increase in the

retention of labelled cells in the femoral marrow, but

at a lower level, rising to 1.2 per cent, on the third

day. The levels in the femurs of the untreated and

tricaprin treated mice remained below 0.2 per cent, for

the whole period.

The lymph nodes sampled represent a substantial

proportion of the lymphoid tissues and the levels were

less than about 0.1 per cent, of the injected dose in

all groups at all intervals.

The kidneys, in all groups, retained about 4 per

cent, to 7 per cent, of the radio-label four hours after

the injection, after 24 hours, the levels had all

fallen below 3 P©r cent, and remained at or below this

level for the rest of the 8 days. Differences between

the groups were relatively small, but, when it is

considered that the blood levels in the ethyl palmitate

and cholesterol oleate treated mice were relatively

higher/
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higher in the first 24 hours, it would appear that

there was probably a corresponding reduction in the

level of •free1 label in the kidneys of these mice.

This might have resulted from a lower rate of breakdown

of erythrocytes in the HES of these mice.
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The Distribution of 2.5 per cent* -^~Qr-labelled
aheep Erythrocytes in Untreated and lipid Treated Mice

i —i——w————mmrn—— i.«——w—M———

The distribution of 2.5 per cent. -^Cr-labelled
sheep erythrocytes at intervals of one hour to 5 days

after the injection of a 2.5 per cent, sheep erythrocyte

suspension is shown in Tables 17 to 20. Mean levels

are shown in Tables 21 and 22, from which figure 80 was

compiled.

Despite the lower dose employed, the blood levels

in the ethyl palmitate treated group were relatively

higher during the first 24 hours after the injection.

The levels in the liver, spleen, kidneys, lungs, lymph

nodes and femurs all conformed essentially to the pattern

found after the injection of the 10 per cent, suspension

of sheep erythrocytes. In the untreated and tricaprin

treated mice, the mean levels in the livers were 65 per

cent, to 85 per cent, during the first three days after

the injection, compared with 40 per cent, to 60 per cent,

in the same period after the injection of the 10 per cent,

erythrocyte suspension. A somewhat similar increase in

the levels in the livers was found when the smaller dose

of erythrocytes was injected into the ethyl palmitate

and cholesterol oleate treated mice compared with the

levels in mice given the larger dose.

The predominance of extra-hepatic retention in

these latter two groups may have been an important

factor influencing the rates of clearance of erythrocytes

from the blood. In the cholesterol oleate treated mice,

extra-hepatic clearance was mainly by the spleen and to

a/
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TABL3 17

THE DISTRIBUTION OP 5 Cr - LABELLED SHEEP
ERYTHROCYTES ONE HOUR TO THREE DAYS AFTER
THE INJECTION OF A 2.% SUSPENSION

1 HOUR

TREATMENT
0.1ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS FEMURS

LYMPH
NODES

UNTREATED 0.09 88.97 5.63 5.02 0.38 0.10 0.04

0.07 93.83 7.24 4.73 0.38 0.11 0.04

0.07 87.2J 5.16 4.89 0.20 0.00 0.00

0.02 59.34 0.8C 2.72 0.10 0.04 0.03

0.06 82.34 4.71 4.34 0.27 0.04 0.03

TRICAPRIN 0.24 80.31 4.31 1.68 0.57 0.17 0.04

0.28 80.60 4.36 6.54 1.02 0.25 0.06

0.41 80.60 7.81 6.35 2.98 0.28 0.1

0.29 74.56 6.47 5.27 0.81 0.25 0.87

0.31 79.02 5.74 4.96 1.35 0.24 0.27

ETHYL
PALMITATE 7.30 25.79 3.90 8.42 22.01 0.81 0.34

4.93 13.39 0.66 11.50 17.56 0.59 0.09

4.78 14.34 0.37 10.36 14.46 0.71 0.10

4.68 12.33 0.31 8.55 15.86 0.63 0.25

5.42 16.46 1.31 9.71 17.47 0.69 0.20

CHOLESTEROL
OLEATE 1.05 15.73 41.68 6.03 8.18 1.44 0.06

1.61 17.66 46.47 4.59 7.37 0.71 0.07

1.86 8.73 21.35 7.86 9.76 0.00 0.60

1.23 8.14 45.33 2.84 5.54 1.05 0.01

1.44 12.57 38.71 5-33 7.71 0.8C 0.19



tkSUt 18

4 HOURS

TREATMENT
0.1ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS PHJTORS

LYMPH
NODES

UNTREATED NOT DONE

TRICAPRIN 0.07 98.59 5.69 1.17 0.19 0.09 0.02

0.04 59.75 5.84 1.77 0.17 0.05 0.01

0.04 64.51 9.63 0.98 0.22 0.12 0.01

0.05 60.23 6.63 0.36 0.24 0.09 0.02

0.05 70.77 6.95 1.07 0.21 0.09 0.02

ETHYL
PALMITATE 4.81 21.78 1.19 3.36 10.99 0.55 0.31

1.60 6.10 3.28 4.90 13.16 2.94 0.32

5.40 7.16 3.32 3.38 7.68 0.80 0.23

2.39 11.39 0.17 3.63 12.33 1.64 0.09

3.05 11.61 1.99 3.82 11.04 1.48 0.24

CHOLESTEROL
OLEATE 1.59 19.26 67.06 3.93 12.26 2.13 0.27

0.43 10.38 74.93 1.92 3.26 4.72 0.80

0.08 8.91 34.43 0.82 1.96 0.40 0.06

0.04 13-97 42.22 1.19 2.27 0.70 0.02

2.10 19.44 50.56 4.13 16.83 1.77 0.16

0.85 14.39 53.84 2.40 7.32 1.94 0.26
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TABLK 19

1 DAY

TREATMENT
0.1ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS FEMURS

LYMFH
NODES

UNTREATED 0.02 89.42 1.15 2.21 0.09 0.19 0.02

0.02 85.69 1.04 0.60 0.08 0.20 0.01

0.02 72.58 1.35 5.88 0.07 0.15 0.02

0.02 90.73 1.90 5.38 0.12 0.18 0.02

0.02 84.61 1.36 3.52 0.09 0.18 0.02

TRICAPRIN 0.22 80.78 8.61 1.54 0.36 0.27 0.04

0.07 63.92 7.68 5.06 0.19 0.28 0.03

0.08 75-32 6.18 4.99 0.16 0.36 0.02

0.05 103.51 9.97 1.11 0.45 0.45 0.07

0.03 76.17 2.20 0.50 0.11 0.18 0.03

0.09 79.94 6.93 2.64 0.25 0.31 0.04

ETHYL
PALMITATS 1.93 6.75 7.76 4.52 8.38 3.47 0.16

0.06 21.22 8.45 2.72 1.54 3.68 0.18

0.14 24.10 0.94 1.49 2.10 5.61 0.06

1.12 33.70 0.83 8.24 20.75 3.09 0.25

0.81 21.44 4.49 4.24 8.22 3.96 0.16

CHOLESTEROL
OLEATE 0.90 11.81 35-79 1.78 1.52 2.03 0.10

0.90 12.55 36.24 2.09 1.32 1.72 0.05

0.08 13.80 57.99 2.60 1.08 1.45 0.06

0.10 12.31 21.24 3.66 1.34 1.57 0.10

0.50 12.62 37.82 2.53 1.32 1.69 0.08
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0A3I*£ 20

•3 DAYS

TREATMENT
0.1ml
BLOOD LIVER SPLEEN KIDNEYS LUNGS FEMURS

LYiUPH
NODES

UNTREATED 0.01 66.69 0.96 2.01 0.14 0.16 0.01

0.00 65.OO 1.03 0.58 0.07 0.15 0.02

0.01 68.09 1.53 3.70 0.04 0.18 0.02

0.01 68.62 1.58 0.88 0.04 0.18 0.02

0.01 67.10 1.28 1.79 0.07 0.17 0.02

TRICAPRIN 0.03 72.22 9.25 0.78 0.46 0.32 0.05

0.04 52.43 4.42 2.73 0.18 0.34 0.09

0.08 71.04 5.76 3.33 0.18 0.23 0.05

0.05 65.23 6.48 2.28 0.27 0.30 0.06

ETHYL
PAUHTATE 0.02 14.20 4.76 2.37 0.87 3.41 0.09

0.03 18.54 4.80 1.17 0.24 2.98 0.06

0.03 16.37 4.78 1.77 O.56 3.20 0.08

CHOLESTEROL
OLEATS 0.04 14.80 48.82 1.21 0.71 0.81 0.05

0.05 22.19 25.12 1.17 1.00 1.88 0.06

0.04 9.97 46.64 1.14 0.91 1.11 0.05

0.04 10.16 59.31 1.25 0.76 1.42 0.08

0.04 14.28 44.44 1.19 0.85 1.05 0.06



-219-

TABLtS 21

THE DISTRIBUTION OP 5 Cr - LABELLED SHEEP
ERYTHROCYTES ONE HOUR TO THREE DAYS AFTER
THE INJECTION OP A 2.% SUSPENSION

PERCENTAGE MEAN VALUES

UNTREATED

l.Oml LYMPH
TIME BLOOD LIVER SPLEEN KIDNEYS LUNGS FEMURS NODES

1 HOUR 0.6 82.3 4.7 4.3 0.3 0.1 0.0

+0.3 +15.6 +2.8 +1.1 +0.1 +0.1 +0.0

4 HOURS - NOT DONE

1 DAY 0.2 84.6 1.4 3.5 0.1 0.2 0.0

+0.0 + 8.3 +0.4 +2.5 +0.0 +0.0 +0.0

3 DAYS 0.1 67.1 1.3 1.8 0.1 0.2 0.0

+0.1 _+ 1.6 +0.3 +1.4 +0.1 +0.0 +0.0

TRICAPRIN

1 HOUR 3.1 79.0 5.7 5.0 1.4 0.2 0.3

+0.7 + 3.0 +1.7 +2.3 +1.1 +0.1 +0.4

4 HOURS 0.5 70.8 7.0 1.1 0.2 0.1 0.0

+0.1 +18.7 +1.8 ^0.6 +0.0 +0.0 +0.0

1 DAY 0.9 79.9 6.9 2.6 0.3 0.3 0.0

+0.8 +14.5 +3.0 +2.2 +0.1 +0.1 +0.0

3 DAYS 0.5 65.2 6.5 2.3 0.3 0.3 0.1

+0.3 +11.1 +2.5 +1.3 +0.2 +0.1 +0.0
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TABM 22

THE DISTRIBUTION OP Cr - LABELLED SHEEP
ERYTHROCYTES ONE HOUR TO THREE DAYS AFTER
THE INJECTION OF A 2.% SUSPENSION

PERCENTAGE MEAN VALUES

ETHYL PALMITATE

1.0ml LYMPH
TIME BLOOB LIVER SPLEEN KIDNEYS LUNGS FET'RJRS NODES

1 HOUR 54.2 16.5 1.3 9.7 17.5 0.7 0.2

+12.6 + 6.3 +1.7 +1.5 + 3.3 +0.1 +0.1

4 HOURS 30.5 11.6 2.0 3.8 11.0 1.5 0.2

+13.9 + 7.2 +1.6 +0.8 + 1.1 i1*1 +0.1

1 DAY 8.1 21.4 4.5 4.2 8.2 4.0 0.2

+ 8.9 +11.2 +4.2 +2.9
1+ oo • vo +1.1 +0.1

3 DAYS 0.3 16.4 4.8 1.8 0.6 3.2 0.1

+ 0.1 + 3.1 +0.0 +0.9 + 0.5 +0.3 +0.0

CHOLESTEROL OLEATE

1 HOUR 14.4 12.6 38.7 5.3 7.7 0.8 0.2

♦ 3.7 + 4.8 +11.8 +2.i +1.8 ±0.6 +0.3

4 HOURS 8.5 14.4 53.8 2.4 7.3 1.9 0.3
+ 9.4 + 4.9 +16.9 +1.5 +6.8 +1.7 +0.3

1 DAT 5.0 12.3 37.8 2.5 1.3 1.7 0.1

♦ 4.7 + 0.9 +15.2 +0.8 +0.2 ♦0.3 ♦0.0

3 DATS 0.4 14.3 44.4 1.2 0.9 1.1 0.1

♦ 0.1 + 5.7 +14.3 ♦0.1 +0.1 ♦0.5 ♦0.0
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ifigure 80* The distribution of ^ Gr-labelled sheep
erythrocytes in the blood and tissues after
the injection of the 2#5 per cent# preparations,
uerived from the data in Tables 20 and 21#
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x—x Untreated
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a smaller extent by the lungs. It is not possible to

determine, however, whether the splenic and pulmonary

retention was a true measure of the level of phago¬

cytosis in these organs, a proportion of the retained

cells might have been sequestrated in the red pulp of

the spleen or in pulmonary capillaries without being

phagocytosed, at least for a period. In mice treated
with this lipid, there was also appreciably greater

retention in the bone marrow of the femurs than in

untreated and tricaprin treated mice. Treatment with

ethyl palmitate resulted in much lower splenic localis¬

ation, but in even greater retention in the lungs and

femoral marrow, the latter attaining a mean value of

nearly 4 per cent, of the dose of the 2.5 per cent,

erythrocyte suspension, after 24 hours. It is difficult

to estimate accurately the total retention in the bone

marrow, but the evidence indicates that the bone marrow

is capable of adding substantially to the total phagocytic

potential in situations where there is impairment of

hepatic and splenic phagocytosis. Judging from the

prolonged rise in the amount of labelled cells in the

blood of mice treated with ethyl palmitate, it is evid¬

ent that the rate of phagocytosis by the extra-hepatic

components, such as the bone marrow, is slower than that

of the liver. This may merely reflect the lower rates

of blood flow in the extra-hepatic compartments of the

RJ3S, compared with the normal liver.


