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Frontispiece. A labelled eosinophil mitosis in the bone marrow 

of a normal rat 30 h after injection of 3H-thymidine. 

Autoradiograph, stained with haematoxylin and Biebrich 

scarlet. x 4,000.
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4.

ABSTRACT

Eosinophil granulocytes are found in all vertebrates and they 

are usuall'y associated with parasitic and immunological diseases.
C>

Much of the previous work on eosinophils has concentrated on their 

distribution and variations in number in blood and tissues. This 

has led to many suggestions as to their possible functions. Few 

experiments have been done to study the way in which they are produced, 

and little quantitative information is available either about the 

kinetics of eosinophil production or the ways in which they can be 

mobilised. Even less is known about these processes under pathological 

states. Without this knowledge it has not been possible to distinguish 

factors altering eosinophil production from those influencing their 

turnover. For these reasons, the first part of this thesis describes 

experiments which were designed to measure the kinetics of eosinophil 

production, mobilisation and turnover in normal and stimulated rats.

Rats were given single injections of 10,000 Trichinella spiralis 

larvae and the extent of labelling of eosinophils in bone marrow 

and blood was follc.ved on autoradiographs in these stimulated rats,



and in normal rats. In stimulated rats the bone marrow content 

of eosinophils increased and this resulted in a peripheral blood 

eosinophilia 2-10 days later.

Three sequential steps in rat eosinophil development in marrow 

were defined: primitive dividing eosinophils, more mature dividing 

eosinophils and non-proliferating eosinophils. The diameter of 

eosinophils was greatest just before they divided, and there was no 

relationship between eosinophil size and their maturity. Other 

experiments supported the concept that eosinophils leave the marrow 

and mature in the spleen before release into the blood.

The percentage of eosinophils in bone marrow showed no diurnal 

variation in normal rats. In rats given larvae intravenously the 

percentage of marrow eosinophils increased 23 h after stimulation. 

The peripheral blood eosinophil count rose 1-2 days later, and was 

related in parallel to the bone marrow level. The eosinophil mitotic 

index rose by a factor of 2.6, and there appeared to be a maximum 

number of eosinophil mitoses 40 h after stimulation. The proportions 

of primitive and more mature dividing eosinophils did not alter during 

the first 3 days, showing that all the eosinophils in the proliferative 

compartment were stimulated equally.
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The eosinophil cell cycle parameters in normal and stimulated 

rats were calculated from measurements of the proportion of eosinophil 

mitoses labelled at intervals after single injections of 3H-thymidine. 

In normal rats there was a wide variation of eosinophil cell cycle 

times with a median of 30 h. In stimulated rats this was reduced 

to a median of 9 h with a narrow distribution of cell cycle times. 

The post-mitotic rest period (TQ ) and D.N.A. synthesis period (T-) 

were shortened. It was calculated that the earliest recognisable 

eosinophils divided a total of 4 - 5 times in normal rats, and in 

stimulated rats eosinophils divided a total of 9 - 10 times. Despite 

the additional number of divisions in the stimulated rats, marrow 

transit times were unaffected as the cell cycle times were shorter in 

the stimulated rats. It was concluded that increased eosinophil 

production came about by additional divisions in the proliferative 

compartment, associated with shortening of cell cycle times.

Eosinophil production rates were calculated from measurements 

of the number and labelling indices of eosinophils in weighed quantities 

of bone marrow combined with the known eosinophii cell cycle times.

o
Production rates increased by a factor of 28, from 0.5 x 10 to 

14.4 x 10^ new eosinophils/mg bone marrow/h.
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Eosinophil kinetics in the blood were studied by giving single 

injections of 3H-thymidine to normal or stimulated rats, and the 

number of labelled eosinophils in blood was measured subsequently. 

The interval between injections of 3H-thymidine and the appearance 

of labelled eosinophils in the blood (emergence time) was 40 h in 

normal rats and 17 h in stimulated rats, but neutrophil emergence 

time was not altered. This demonstrated that different factors 

regulated the emergence times of these two types of granulocyte.

An eosinophil releasing factor was sought in plasma removed 

12 r 24 h after the injection of larvae. Six hours after injection 

of 2 ml plasma the eosinophil count in the blood of normal recipient 

rats doubled. The eosinophil releasing effect of plasma was not 

removed by dialysis and was stable at - 20°C. This eosinophil 

releasing effect was not associated with a neutrophil leucocytosis. 

Damaged eosinophils and homogenates of lungs containing larvae injected 

16 h previously did not induce eosinophil release. Many stimuli 

which induce an eosinophilia 3 - 6 h after injection may act by 

producing 'eosinophil releasing factor 1 in blood as was demonstrated 

with larvae.

Eosinophil half-life in the blood of normal rats was 6.6 h. 

Surprisingly, eosinophil half-life did not decrease 2 days after
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injection of the stimulus at a time when many eosinophils were moving 

from the blood into the tissues. It was concluded that there was 

an increase in the size of the intravascular eosinophil pool size. 

Blood eosinophil half-life was lengthened 5 days after injecting larvae 

at the height of the eosinophilia, and it was also increased in 

splenectomised rats 2 days after stimulation.

In another section of the thesis, work is described which centered 

on the processes involved in the initiation of increased eosinophil 

production. Studies on rats injected with larvae proved to be very 

useful for studying the regulation of eosinophil production, as the 

tissues containing the stimulus were separate from the responding marrow. 

The initial response to the stimulus was studied in the tissues, lymph 

and blood.

First, the inflammatory reactions induced by Trichinella spirslis 

larvae in lung, liver and muscle were examined histologically. .Vast 

cell degranulation was followed by mononuclear cell and eosinophil 

accumulation. In other experiments, mast cell degranulation was not 

found to be essential for eosinophil production and intravenous injections 

of larvae coated with peritoneal macrophages produced a smaller 

eosinophilia than uncoated larvae. However, in lymph nodes stimulated
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by Trichinella spiraiis larvae, large numbers of dividing large 

pyroninophilic iynpnocytes were found which were labelled with 

3H-thymidine- These lymphocytes were considered to be the 

progenitors of the thoracic duct lymphocytes which have previously 

been shown to induce eosinophils production.

A study was mace of the distribution and fate of large 

pyroninophilic lymphocytes derived from the thoracic duct of rats 

with oral trichinosis. Large pyroninophilic lymphocytes, which 

were labelled with tritiated nucleic acid precursors, were distributed 

in a similar way in normal and stimulated rats. The majority of 

transferred labelled large pyroninophilic lymphocytes were found in 

the small intestine, spleen and lymph nodes, where they divided after 

24 h. At 48 h they had the morphology of plasma cells. Only 

a few labelled large lymphocytes reached the bone marrow. When
K. I

Chromium labelled lymphocytes were injected, less than 0.5% of 

the injected activity was found in each femur 22 h later. These 

results showed that if large pyroninophilic lymphocytes initiate 

eosinophil production by short range processes, then these lymphocytes 

may be a small subpcpu^ction of the cells normally found in thoracic 

djct lymph.
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In related work, presented in the appendix, experiments were 

done to determine whether thoracic duct lymph, draining from 

rats with unilateral pyelonephritis, would stimulate^! neutrcphil 

production when transferred to normal rats. No effect was found. 

This result, which agrees with other recently reported experiments, 

is evidence that neutrophil production is not initiated by 

lymphocytes.

It was concluded that in rats given Trichinella spiralis larvae 

intravenously, alterations in the numbers of eosinophils in the blood 

take place in several ways; either through changes in the 

distribution of mature eosinophils, or by variations in eosinophil 

production. The measurements which were done on each of these 

processes has shown that they are regulated by separate mechanisms, 

each with a distinct time course involving both humoral and 

cellular mediators. In conditions associated with an eosinophilis 

these mechanisms act in unison to provide eosinophils in increased 

numbers in response to the stimulus.
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This work has shown that regulation of eosinophil production 

and blood eosinophil levels takes place by a number of inter-related 

processes, in ways which are as finely balanced as those known to 

control neutrophil or erythrocyte production and distribution.



12.

TERMINOLOGY

Eosinophil leucocytes (eosinophils).

These were defined as leucocytes that contained many refractile, 

cytoplasmic granules which stained strongly with eosin or Biebrich 

scarlet at an alkaline pH. 

Eosinophilia

This word is used in its original sense: "By eosinophiJia we 

understand an increase only of the polynuclear eosinophil cells in 

the blood" (Ehrlich & Lazarus, 1900). 

Large pyroninophilic lymphocytes

These were lymphoid cells which had a diameter larger than 10 M. 

when the cells had been prepared by centrifuging at 22 g_ for 5 min 

with a Cytocentrifuge. The cytoplasm of these cells was strongly 

pyroninophilic when stained with methyl-green pyronin. 

'Stimulated' lymphocytes

These were defined as large pyroninophilic lymphocytes found in 

the thoracic duct lymph of rats which had been given oral trichinosis 

3-5 days previously. 

'Labelled' cells

These were defined as cells which were found in autoradiographs 

to have 4 or more silver grains over their nuclei. Slides were net 

used where background counts showed that 2 or more grains could C3~~.cniy 

occur by chance over the cells on the slide.
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ABBREVIATIONS

M Mitosis

G-, Post-mitotic rest phase

S D.H.A. synthesis phase

G2 Post-S and pre-M phase

7 Cell cycle time (hours) 
i *

T0 , ,   , ,, Time for each phase of the cell cycle (hours) 
1 ^2 '""

T-g- Half-life of peripheral blood eosinophils (hcurs)

*

Tp Emergence time. Time between injection of
3H-thymidine and the appearance of labelled 

cells in the blood (hours)

Kp Marrow eosinophil production rate (new eosinophils/

mg bone marrow/hour)

G Eosinophils temporarily excluded from the
proliferating pool of eosinophiis in marrow

3H-adenosir,e Tritiated adenosine

3H-thyrr:idir.e Tritiated thymidine

51Cr Radioactive chromium-51

h Hours

Ci Curies

D.N.A. Desoxyribosenucleic acid

R.N.A. Ribosenucleic acid

S.P.F. Specific pathogen free
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CHAPTER 1

HISTORICAL INTRODUCTION

The eosinophil; a distinct type of cell

Wharton Jones (1846) has been credited with the discovery 

of eosinophils, but Schultze (1856) was the first to describe 

eosinophil morphology clearly, and was the first to suggest that 

they were a unique cell type. Specific staining methods for 

eosinophils were developed by Ehrlich (1879) who submitted this 

work for his doctorate thesis in Berlin. He discovered that 

acidic dyes such as eosin stained the cell granules strongly, hence 

their name. More recently Biebrich scarlet has been found to be a 

particularly useful stain in the study of eosinophils (Spicer & 

Lillie, 1961; Schaefer & Fischer, 1968), and this stain was the 

one most commonly used in the present study.

Eosinophil granules

Eosinophil granules consist of an electron-dense bar-shaped 

internum (Fedorko, 1968), and an electron translucent outer part
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which contains acid hydrolases and other enzymes found in lysosomes 

(Archer, G.T. & Hirsch, 1963 a). This means that the eosinophil 

granule can be looked upon as a special type of lysosome. The 

subject is reviewed by Archer, R.K. (1968). The internum is a 

crystalline structure with peroxidase activity (Archer, G.T. & Hirsch, 

1963 a; Archer, G.T., Air, Jackas & Morrell, 1965; Miller, de Harven
/«.

& Palade, 1966). A recent report by Presentey (1969) describes an 

hereditary abnormality of human eosinophils in which peroxidase is 

absent,but the patients were healthy. No electron micrographs of these 

cells have yet been published. When particles are ingested, the 

granules fuse with the phagosomes and release their enzymes around 

the particles (Archer, G.T. & Hirsch, 1963 b; Cotran & Litt, 1969). 

The internum may remain undissolved and can be found in the phagosome 

even after relatively long periods (Zucker-Franklin, 1968). In the 

rat, peritoneal eosinophils have been found to ingest ferritin 

particles without coalescence of phagosomes and eosinophil granules 

(Bro-Rasmussen & Egeberg, 1966). The interna can also be found lying 

undissolved when eosinophils have disintegrated in tissues, and they 

may aggregate to form Charcot Leyden crystals (Archer, G.T. & Blackwood, 

1965). Buddecke, Essellier & Marti (1956) report that Charcot Leyden 

crystals consist of a basic zinc-containing protein. It is still not
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known whether the internum is a functional constituent of eosinophils, 

or whether it is merely an inactive product which accumulates during 

the period when eosinophil granules are being synthesised.

In some parasitic infections, including Ascaris infections, 

some tissue eosinophils appear to contain fewer granules than 

normal (Gross 8, Schmidt, 1954), but this phenomenon has not been
,!>

studied in any depth. Connell (1968) has reported finding vacuoles 

in the cytoplasm of up to 15% of human eosinophils in vivo in patients 

with allergic diseases. Ross & Klebanoff (1966) described the 

presence of free eosinophil granules in uterine tissue, and postulated 

that eosinophil granules had an unknown function outside the eosinophil. 

Recently, Morgan & Beeson (1970) have found that eosinophils in mouse 

bone marrow are no longer identifiable within a few hours of induction 

of a severe pyogenic infection which involved massive neutrophil 

production. In this situation the apparent disappearance of eosinophils 

may be the result of degranulation.

Eosinophils in marrow

The bone marrow has been considered to be the main site of 

origin of blood cells in adult animals for over 100 years (Neumann, 

1868). In 1879, Ehrlich had shown that eosinophils also originated
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in bone marrow:

"The bone marrow is a breeding place in which poly- 
morphonuclear cells are produced in large numbers from 
mononjclear pre-existing forms".

"... the mononuclear eosinophil cells grow into poly- 
nuclear in the bone marrow ...."

(Ehrlich & Lazarus, 1900).

The way in which eosinophils are produced in bone marrow has 

not been studied until recently because of technical difficulties. 

Although eosinophils are easy to recognise, normal animals have so 

few that it is difficult to find enough to analyse. Animals with 

higher levels are likely to harbour parasites so that eosinophil 

counts fluctuate unpredictably. The introduction of radioactive 

labelling techniques (Doniach & Pelc, 1950) and their application 

to the study of cell kinetics (Quastler & Sherman, 1959; Cleaver, 

1967) made the present studies possible.

Cohen, N.S., LoBue & Gordon (1967) studied eosinophil labelling 

in rat bone marrow after single injections of 3H-thymidine- Labeliina 

was also studied in rats depleted of granulocytes. They suggested 

that rat eosinophils probably divide more rapidly when stimulated. 

Later Alexander, Monette, LoBue, Gordon & Chan (1969), using a double 

labelling technique, found that unstimulated rat eosinophil precursors 

had a cell cycle time of about 24 h. Eosinophil production in bone 

marrow has not been measured directly.
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Eosinophils in blood

Repeated injections of foreign proteins are known to result in a 

rapid increase in the numbers of eosinophils in blood (Schlecht, 1910) 

and tissues (Schlecht & Schwenker, 1912). The increase in eosinophils 

was maximal about 4 - 6 h after reinjection (Bennett, 1951) . Homma 

(1921) was the first to study carefully the release of mature 

eosinophils from rat marrow when 'eosinophilic' substances were injected 

in the rat. Since then the phenomenon has been studied in many ways, 

and a wide variety of agents have been thought to induce an eosinophilia.

The first kinetic studies of eosinophil release from marrow were made 

by Foot in 1963 and 1965. She measured the emergence time (TrO of 

mature eosinophils in inbred rats of the PVG/C strain given continuous 

intraperitoneal infusions of 3H-thymidine. Labelled eosinophils were 

first seen in the blood 67 h later. Later she and her husband found 

that T of eosinophils in Sprague-Dawley rats was 48 h (Blenkinsopp, 

1966; Blenkinsopp & Blenkinscpp, 1967). Bro-Rasmussen, Anderson & 

Henriksen (1967) improved this method by giving only single injections

of 3H-thymidine. In Leo rats they found T^ was 36 h. A similar T
E E

was found by Cohen, N.S., LoBue & Gordon (1967) using Long-Evans rats.

Factors involved in the 'release 1 of eosinophils have been studied 

by Cohen, N.S., LoBue & Gordon (1967) who found TE was reduced when
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leucocytes were removed from the peritoneal cavity by lavage. 

Anderson, Bro-Rasmussen & Haugaard (1969) showed that eosinophil 

T was lengthened by injections of steroids.
1^

Eosinophil half-life (! § ) in normal rat blood was estimated 

to be 10 - 2 h (Foot, 1965). No adequate studies of blood eosinophil 

T-g- in rats, under conditions associated with an eosinophilia, have 

been reported.

Eosinophil phagocytosis

In 1895 Mesnil reported that eosinophils could phagocytose 

particles. They have been shown to phagocytose antigen-antibody 

complexes in vivo (Sabesin, 1963) and antigens in lymph nodes 

soon after injection of the antigen (Litt, 1964 ; Roberts, 1966). 

Human eosinophils can phagocytose polystyrene particles, Escherichia 

coli, Staphylococcus aureus and Candida albicans, but this process 

is not as well developed as in neutrophils (Cline, Hanifin & Lehrer, 

1968). There is no evidence that some particles are phagocytosed 

preferentially by eosinophils rather than by neutrophils or 

macrophages. Despite this, great effort has been expended in trying 

to involve eosinophils in antigen 'processing' (Speirs, 1958) and in 

'detoxification 1 of harmful antigen-antibody complexes (Litt, 1963, 

1964 ).
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Eosinophils and diseases

Eosinophilia has been associated with a number of diseases 

since 1889, when Gollasch found an increased number of eosinophils 

in the blood of patients with asthma. Canon (1892) described their 

occurrence in chronic skin diseases.

Eosinophilia has come to be recognised as a very common feature 

of parasitic infections in man. Brown (1898), while he was a medical 

student at the John Hopkins Medical School, was the first to notice 

that increased numbers of blood eosinophils occur in patients with 

trichinosis. Trichinella spiralis has been used in many experimental 

studies of parasitic infection, and the participation of eosinophils 

in trichinosis is well described (Gould, 1945, 1970; Larsh, 1963, 1968)

Eosinophils accumulations and functions

The observation of large accumulations of eosinophiis in tissues 

under various circumstances has prompted most of the theories about 

the nature of eosinophils. However the mechanisms of accumulation 

are still unknown. Eosinophils can be found in large numbers in 

tissues into which Trichinelia spiralis larvae have migrated. Schwarz 

(1914) noted that eosinophils do not accumulate in tissues very close
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to encysted Trichinellaspiralis larvae, but are found mainly in 

inflamed tissues nearby. Thus the production of 'eosinotactic 1 

agents by the larvae themselves seemed unlikely.

It has been reported that specific substances are 'eosinotactic 1 

in vivo. These include xylose (Chapman & Clark, 1968 b), components 

of fungi (Chapman & Clark, 1968 a), altered globulins (Cohen, S.G. & 

Sapp, 1963), histamine (Archer, R.K., 1963, 1968) and antigen-antibody 

complexes (Litt, 1964), but the subject is still beset by many 

contradictory findings. For example in studies on antigen-antibody 

complexes, Speirs & Turner (1969) showed that intraperitoneal injections 

of tetanus toxoid in mice induced local eosinophil accumulation when 

the antigen was not complexed with antibody. But Litt (1964) showed 

that haemocyanin or bovine serum albumin coupled to antibody caused 

more eosinophil accumulation in guinea pig lymph nodes than that 

characterising either antigen alone. At present it is not possible 

to discern any common mechanism by which antigens or antigen-antibody 

complexes are associated with eosinophil accumulation in tissues.

In vitro studies, using the Boyden chamber technique (Boyden, 1962), 

have failed to distinguish qualitatively between the responses of 

eosinophils and neutrophils to chemotactic agents. Substances which 

attract neutrophils usually also attract eosinophils, but to a lesser 

extent, and there are also species differences (Keller & Sorkin, 1968, 

1969; Ward, 1969) .
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Anaphylactic reactions induce an eosinophilia and additional 

numbers of eosinophils localise in tissues (Campbell, 1943; Parish 

& Coombs, 1968). Kay (1970) has shown that'K, antibody, which can 

transfer anaphylactic reactions, induces eosinophil accumulation in 

guinea pig skin when the antigen is added. Orange & Austen (1970) 

showed that eosinophils suppress the release of slow reacting 

substance of anaphylaxis (SRS-A). Further work on eosinophil 

accumulation in anaphylaxis should prove particularly rewarding, 

and this may clarify the mechanisms by which large numbers of 

eosinophils localise in certain sites.

Mechanisms of eosinophil production

As early as 1900 Ehrlich & Lazarus had clearly outlined a possible 

mechanism for increased eosinophil production:

"Under these circumstances [when local eosinophilic suppuration 
has affected large areasj large amounts of the specific active 
agents reach the bloodstream by absorption and diffusion. Here 
it exercises a strong cnerniotactic influence on tne physiological 
storage depot of the eosinophils, the bone marrow: leading to an 
increase of the eosinophiis of the blood to a greater or xess 
degree. The bone marrow, according to general biological laws, 
is by the increased emigration now further stimulated to a fresh 
production, and during a protracted illness can hence keep up 
the eosinophilia".

Opie (1904) was also among the first to study the mechanisms of 

eosinophilia experimentally. He produced trichinosis in guinea pigs
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and showed that, whereas oral infection with living larvae induced 

an eosinophilia, rather surprisingly ground-up larvae given sub- 

cutaneously would not induce an eosinophilia. In orally infected 

guinea pigs the blood neutrophil count fell at the same time as the 

eosinophil count was rising, which suggested that there were distinct 

regulatory mechanisms for these two types of cell. Careful 

histological work enabled him to make other important observations;

[After oral infection] "..... increase of eosinophil 
leucocytes, ..... is associated with local accumulation 
in the mesenteric lymph glands and in the lungs. No 
noteworthy increase of these cells in the intestinal 
mucosa was noted."

He found that eosinophil accumulations in lymphatic glands and the 

base of the mesentery could be so great that they resembled small 

abscesses in which the eosinophil replaced the neutrophil. He 

also described very large accumulations of eosinophils in parts of 

the lung 3-4 weeks after oral Infection, and by studying marrow 

eosinophils he deduced that marrow was the seat of eosinophil production 

in guinea pigs. In heavily infested guinea pigs he found that mature 

eosinophils accumulated in the marrow while eosinophils in blood 

disappeared. These careful studies laid the basis for much of the 

future work on eosinophils in vivo.
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In 1964, Zaiman & Villaverde showed that some component of 

blood initiates eosinophilia in trichinosis. Eosinophilia was 

induced in one of a pair of parabiotic rats when the other was 

infested with Trichinella spiralis. By separating the rats at 

intervals from the second day onwards, they showed that the stimulus 

to eosinophil production passed from the infested rat to the normal 

rat before the new generation of larvae had begun to migrate in the 

blood.

The introduction by Hasten, Boyer & Beeson (1970) of a reproducible 

model for studying eosinophil production in rats has proved a great 

advantage for in vivo investigation of this phenomenon. Rats were 

given oral or intravenous inoculations of Trichinella spiralis, and 

daily blood eosinophil counts were compared with normal rats. Basten 

& Beeson (1970) showed that rats produced an eosinophilia only if they 

contained a normal complement of lymphocytes. The production of 

an eosinophilia was inhibited by methods known to damage or prevent 

the action of lymphocytes. These methods included treatment with 

antilymphocyte serum and neonatal thymectomy combined with thoracic 

duct drainage. The stimulus to eosinophil production was associated 

with viable large pyroninopnilic lymphocytes which appeared in the 

thoracic duct lymph in rats given oral trichinosis. In lymphocyte
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transfer studies, these large lymphocytes induced a small but 

significant ecsinophilia in normal rats. An enhanced eosinophilia 

in response to intravenous larvae was induced in rats given thoracic 

duct lymphocytes several weeks after the donor was stimulated with 

oral larvae. Recently, '.'/alls, Basten, Leuchars & Davies (1970) have 

shown that lymphocytes involved in eosinophil production in mice are thymus 

dependent.

Aims of this study

The work described in this thesis was done in parallel with 

the studies reported above. Autoradiographic techniques were used 

to measure the kinetics of the eosinophilia in rats given larvae 

intravenously, anc to follow the fate of the 'sensitised' lymphocytes 

which would initiate an eosinophilia in normal recipient rats. 

The questions v;hich were posed included: What types of eosinophils 

are present in rat marrow? What is the kinetic pattern of eosinophil 

production in bone marrow in normal rats and rats given an 

'eosinophilic' stimulus? Hew can the rate of eosinophil production 

be measured? /."hat factors regulate the release of eosinophils into 

the circulating blood? Is eosinophil half-life in the blood altered 

when there is an eosinophilic stimulus? What is the mechanism by which 

sensitised lymphocytes initiate eosinophil production?
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CHAPTER 2

METHODS

Rats

The rats used in the majority of experiments were specific 

pathogen free (S.P.F.) Wistar rats from the Medical Research Council, 

Radiobiological Research Establishment, Harwell, Berkshire. These

rats were shown to have very low resting eosinophil counts of not

3 
more than 150/mm . When injected with Trichinella spiralis larvae

these rats produced a more reliable and consistent eosinophilia than 

8 other strains of rats which were tried. In experiments where 

cell transfer studies were done, syngeneic rats were used: PVG/C 

non-S.P.F. rats from the Animal Research Council, Compton, Berkshire 

and B/H rats derived by caesarian section and barrier maintained from 

Animal Supplies Ltd., North Finchley, London. Rats weighed 160 - 200 g. 

Male rats were preferred but in some experiments females were also used.

Rats from outside sources were taken into an animal holding room 

in which they were kept for several days before being used. Here they 

were fed on modified Oxoid diet 41B (Berks, Bucks & Oxon Farmers Ltd.,
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Reading) with water always available. Twelve hours of artificial 

light were provided from 9 a.m. to 9 p.m. The temperature varied 

from 62 to 88°F but was usually about 74°F.

Some rats were bred in the Nuffield Department of Clinical 

Medicine animal house. Each pair was kept together throughout its 

breeding period, providing up to 7 litters. They were only handled 

when necessary by an animal technician who wore plastic gloves, and 

careful breeding records were kept. Breeding rats were kept in a 

separate room with light and temperature control. Rats were fed on 

a sterile autoclaved small animal diet (Spillers Ltd., Gainsborough, 

Lincolnshire). Rooms were sterilized with formalin vapour twice a 

year, and cages and bottles were sterilized each fortnight. Sawdust 

was autoclaved.

Anaesthesia

Rats were anaesthetised in a chamber with a continuous flow of 

compressed air bubbling through ether. The rate of induction of 

anaesthesia was regulated by varying the air flow from the cylinder. 

Anaesthesia was maintained by dripping ether onto small cotton wool 

swabs over the muzzle.
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Trichinella spiralis larvae

The method of Kagan (I960) was used to obtain Trichinella spiralis 

larvae. Adult rats were given 15-25 larvae/g via a plastic tube 

passed through the mouth into the stomach, while the animals were under 

anaesthesia. At least three weeks later the animals were killed, 

skinned, eviscerated and passed through a mincer. The pieces were 

put on 4 layers of muslin and supported over the neck of a large 

glass funnel by a flat circular grid. A centrifuge tube was attached 

to the rip of the funnel by a rubber sleeve. A digesting mixture was 

freshly prepared, containing crystalline hog pepsin (Koch-Light 

Laboratories Ltd., Colnbrook, Buckinghamshire) 5 g in one litre of 

distilled water to which 7 ml of concentrated HC1 had been added. 

About 1 litre of this artificial gastric juice per 100 g of carcass 

was added to the funnel and left for 6 to 12 hours at 37°C. Motile 

larvae were digested out of their capsules in the carcasses and settled 

in the centrifuge tube. Larvae were washed twice in tap water, 

distilled water, sterile pyrogen-free saline and Parker 199 tissue 

culture medium, containing 200 units pencillin/ml + 100 jig 

streptomycin/ml (Wellcome Ltd., London). 0.1 ml of sedimented 

larvae contained about 50,000 larvae and as many as one million 

could be obtained from a single rat. When prepared by this method, 

larvae contained no endotoxin.
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Intravenous injections of Trichinella spiralis larvae. The 

stimulus used to increase eosinophil production throughout this work 

was intravenous injections of 10,000 Trichinella spiralis larvae 

(Hasten, Boyer & Beeson, 1970). Injections were made into the 

lateral tail vein using 23 gauge needles while the rats were under 

light anaesthesia. For injections, Trichinella spiralis larvae 

in Parker 199 medium were drawn up into a 1 ml syringe, and suspended 

by agitation of the syringe. The larvae were then injected gradually, 

with the syringe held vertically. Complete injection of larvae was 

ensured by detaching the syringe from the needle and drawing up 

0.5 ml of sterile saline with the same syringe, while the needle was 

still in position in the vein, and flushing the saline through the 

needle with the syringe again held vertically.

Intraportal injections of Trichinella spiralis larvae. After 

opening the abdomen, the upper intestines were reflected to the 

rat's left, exposing the portal vein. A loop of tape was passed around 

the vein and after occlusion of the vessel, injections were made in 

the same way as intravenous injection of larvae. The hole in the 

vein was closed with methyl 2-cyanoacrylate adhesive (Ethicon Ltd., 

Edinburgh). The abdominal wound was closed with sutures.
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Autoradiographic methods

The radioactively labelled compounds used were: 3H-Thymidine 

(methyl-T TRK 120, The Radiochemical Centre, Amersham), specific 

activity 23 Ci/mM, and 3H-Adenosine (TRA 3, The Radiochemical Centre) 

specific activity 100 - 1,000 mCi/mM. Glass slides were acid washed 

and coated with gelatin solution (Rogers, 1967) a few days before they 

were used. Nuclear Emulsion K2 (Ilford Ltd., Essex) was diluted 

with half its volume of distilled water, and a dipping technique was 

used to coat the experimental slides which were dried in the dark 

and put in plastic microscope slide boxes (A.R. Lamb, Alperton, 

Middlesex) which were sealed with black tape. In some experiments 

boxes contained dry silica gel and a small amount of solid CO Q . 

All slides were incubated at + 4°C for three weeks. Then they were 

developed for 5 min at 21°C with a solution of KodakD 19 developing 

powder, and fixed with Kodafix (Kodak Ltd., Hemel Hempstead, Herts). 

Plain and exposed slides were included with each box and processed 

at the same time. Slides were stained with haematoxylin and Biebrich 

scarlet or Leishman's stain or methyl-green pyronin by the methods 

described for marrcvv preparations, and were examined under the 

microscope within 12 h of staining.
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Marrow preparations

Initially marrow preparations were made by smearing marrow over 

glass slides. Many of the cells were distorted, damaged or obscured 

by other cells so that another method was devised using a Cytocentrifuge 

(Shandon Ltd., London).

Rats were killed by anaesthetising with ether and injecting' air 

intravenously. A complete femur was removed through an incision in 

the groin. The bone was wiped clear of attached muscles. Bone ends 

were cut off v/ith bone forceps. In some studies 5 ml of Parker 199 

containing 1 unit of heparin/ml was forced through the marrow cavity 

using a 21 gauge r.eedle en a 5 ml syringe.

In other studies where measurements of the number of eosinophiis/ 

mg marrow were mace, compressed air at 10 Ibs/in was suddenly blown 

through the r.eedle and a plug of marrow was collected in a plastic 

Universal container (Steriiin Ltd., Richmond, Surrey) and weighed 

immediately. 5 ml of Farker 199 containing heparin 1 unit/mi was 

then added.

The marrev; cell suspension was drawn up into a 5 ml syringe using 

a 23 gauge needle, and gently expressed again. This was repeatec twice 

producing a sir.gle ceil suspension. Two drops of the cell suspension 

per slide were centrifuged for 5 min at 22 g on a Cytocentrifuge.
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The glass slides used were acid washed and coated with gelatin as 

for autoradiography. The cell buttons on the slides were dried 

rapidly in air as soon as the Cytocentrifuge had stopped and fixed 

for 5 min in absolute methanol. The whole procedure took about 

15 min for each rat, and as many as 24 slides were made for each 

rat. The slides were stored and stained later. With this 

technique it was found that the eosinophil granules did not overlie 

the nucleus. This enabled accurate studies to be done using the 

shape of the nucleus as an index of cell development. It also 

enabled accurate autoradiography of eosinophils to be done, as 

geometrical variations in the relationship of nucleus to emulsion 

were reduced to a minimum.

Marrow eosinophil counting. Counts of the number of eosinophils/ 

mg bone marrow were done on weighed samples made up as single cell 

suspensions. All marrow cells were counted directly in an improved 

Neubauer counting chamber and the results were expressed as cells/mg 

bone marrow. Cytocentrifuged preparations were made at the same time 

from these single cell suspensions and were stained separately either 

with Leishman's stain or haematoxylin and Biebrich scarlet. The 

proportion of nucleated cells to non-nucleated cells was calculated 

by counting 1,000 cells on the stained marrow preparation. The
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percentage marrow eosinophils was counted from among 1,000 nucleated 

cells. The number of eosinophils/mg of bone marrow could then be 

calculated. The accuracy of the method was assessed by counting 

several slides made from one bone marrow suspension that contained 

many eosinophils. The mean % eosinophils ^ S.D. on five slides

was 22.1J6 - 1.7.
»

Staining of marrow preparations. Some marrow smears were 

stained with Leish.T.an's stain as described for blood smears. Others 

were stained v.ith haematoxylin followed by Biebrich scarlet at pH 9.5. 

Harris' haematoxylin (Ortho Fharmaceuticals, High Wycombe, Buckinghamshire) 

was used for 5 minutes followed by rapid differentiation in 1% acid- 

alcohol. Then the slides were washed in water and put in a blueing 

agent consisting of NaHCX^. 2g, ,VgS04 . 20 g, dissolved in 1 litre of 

distilled water. The slides were stained with 0.04% Biebrich scarlet, 

water soluble (British Drug Houses) in a S/rensen glycine/NaOH buffer 

pH 9.5. Staining took place in a few seconds at 30°C. When 

eosinophils in autoradiographs were being stained, slides were kept in 

the Biebrich scarlet solution at 25 - 30°C for 15 minutes. Eosinophil 

granules stained strongly and there was no difficulty in recognising 

all types of ecsinophils. The specificity of Biebrich scarlet stain 

for eosinophils v;as carefully checked in several experiments. After
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staining marrow smears with Leishman's stain, and noting the position 

of the eosinophils, the stain was removed with ethanol, and the slides 

restained with Biebrich scarlet. In another experiment, rat marrow 

which contained 46.3% eosinophils when stained with Leishman's stain, 

was found to have 45.7% eosinophils when stained with haemotoxylin and 

Biebrich scarlet. This showed the Biebrich scarlet staining of 

eosinophils was consistent and specific for eosinophil granules. 

Cell morphology was very clear in these preparations as the 

cells were flattened on the glass and no cells overlapped. About 5% 

of the marrow cells on the slides were damaged.

Blood counts

Rats were lightly anaesthetised between 9 a.m. and 4 p.m. and 

a 23 gauge needle was put into the lateral tail vein. The emerging 

blood was dripped directly onto a piece of Parafilm (Gallenkamp, London) 

and when needed onto glass slides. Blood smears were made at once.

Eosinophil counts. Each blood sample was drawn up in a white 

cell pipette to the 1 volume mark and diluted with a solution consisting 

of 5 volumes of 1% water soluble eosin yellow shade C.I. 45380 (British 

Drug Houses Ltd., Poole, Dorset) dissolved in a fluid consisting of 5 

volumes of acetone and 90 volumes of distilled water (Discombe, 1946).
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The blood and eosin solutions were mixed by rotating the pipette- 

After removing about half the contents of the pipette, the mixture 

was run under the cover slip on both sides of an improved Neubauer 

counting chamber. The cells were allowed to settle and the chambers 

were kept moist in plastic petri dishes containing damp filter paper. 

Eosinophils were counted on both sides of the chamber. In Harwell 

rat blood, eosinophil counts were considered to be raised when there 

were more than 27 eosinophils on both sides of the counting chamber

(150/mm3 ).

3 Total blood white cell count. 50 mm of blood was drawn up in

a red cell counting pipette and added to 25 ml of Isoton (Coulter 

Electronics Ltd.) and mixed. 0.2 ml of a solution of 1% saponin 

in Isoton was added to lyse the red cells. Ten minutes later the 

cells were counted in a Coulter counter Model D using settings of 

A.C.3 and T.20. Duplicate counts were often done.

Differential blood white cell counts. Smears of blood cells 

were fixed and stained with Leishman's stain made by stirring 1.5 g 

Leishman's stain (British Drug Houses, Ltd.) in i litre methanol at 

50°C for 20 min. The slides were placed horizontally and covered 

with a freshly filtered solution of the concentrated stain. Five 

minutes later they were washed with tap water and covered with a freshly
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made solution of diluted buffered stain at pH 6.8. The buffer 

was made from buffer tablets (Gurr Ltd., London) each day and an 

equal' quantity was added to filtered concentrated Leishman 1 s stain 

and mixed immediately before staining. The second staining step 

took ten minutes. Then the slides were washed with tap water and 

left to dry vertically. Two hundred white blood cells were counted
o

for each slide. Calculations of the number of each type of cell/mm 

were done rapidly with an Olivetti computer.

The overall accuracy of the counting methods was assessed by 

repeatedly counting one sample of blood from a normal Harwell rat, 

(Table 2.1).

mean - S.D. Number counted

Total white cells/mm3 7,979 - 720 [27] 

NeutrophiIs/mm3 1,578 - 389 [27]
O

Mononuclear cells/mm 6,502 - 392 [27] 

Table 2.1. Accuracy of white blood cell counts 

One sample of blood was counted 27 times.
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Concentration of blood leucocytes for autoradiography. It was 

tedious to find eosinophils in smears of blood from normal S.P.F. rats 

as there were so few present. For this reason a method for 

concentrating blood leucocytes for blood autoradiograph was devised. 

Tail vein samples were drawn up into heparinised capillary micro- 

haematocrit tubes (Hawksley & Sons Ltd., Lancing, Surrey). One end 

of each tube was blocked with Plasticine. The tubes were then 

centrifuged for 5 minutes on a Hawksley microcentrifuge. The tubes 

were broken at the junction of buffy-coat and red cells, and the 

white cells were removed by pushing a plug of Plasticine down from 

the open end of the tube with a thin wire. The white cells were 

pooled in a few drops of Parker 199 containing 1 unit of heparin/ml, 

and then put on slides using a Cytocentrifuge- White cells were 

present in high concentrations and because they were flat, morphology 

was excellent.

Measurement of emergence time (Tn)

Measurements were made of the time intervals between intravenous 

injection of 1 \id SH-thymidine/g rat, and the first appearance cf 

labelled blood eosinophils or neutrophils as seen on autoradiogrsphs 

of blood. This value for Tr- was assumed to be equal to the duration
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of cell transfer through the maturation non-proliferating eosinophil

compartment added to T~ + T., in the last cell division. ^ G2 M

Measurements of eosinophil half-life in blood (T-g-)

Measurements were made of the fraction of blood eosinophils in 

rats which were labelled 4fl %ke blood at intervals following an 

intravenous injection of 3H-thymidine, 1 nCi/g body weight. Half- 

life of labelled eosinophils was calculated both from the rate of 

increase of all labelled cells in the blood by the method of Foot 

(1965), and also by the rate of disappearance of the most heavily 

labelled cohort of eosinophils from the blood by the method of 

van Furth & Cohn (1969).

Splenectomy

Splenectomy was done through a small incision under the left 

costal margin, with the rat under ether anaesthesia. The vessels 

to the spleen were tied with 3 or 4 silk sutures and the spleen was 

removed intact. The abdominal wound was closed with silk sutures.

Adrenalectomy

Rats were anaesthetised with ether, and after shaving the skin 

on either side of the back, incisions were made just below the costal
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margin, about 1 cm lateral to the spinal processes on each side. 

The abdominal muscles were cut at the lateral side of the spinal 

muscles. After blunt dissection with forceps in the perinephric 

fat, the adrenal glands were seen at the cranial end of the kidney. 

The glands were plucked out and no sutures to the pedicles were

needed. The muscles of the back and skin were closed with silk
»

sutures. The rats were kept warm during the procedure on a small 

heated operating table. After the operations 5-10 rats were 

kept together to enable them to maintain normal body temperature, 

and they were given 0.9% sodium chloride as drinking water with 

normal diets.

Histological .T.s~hcds

Tissues were fixed in 10% buffered formol-saline, or Zenker's 

formol-saline, mounted in wax and sectioned at about 5 \i thickness. 

Sections were dewaxed and stained with either haematoxylin and 

Biebrich scarlet or eosin, or methyl-green oyronin or Giemsa's stain 

by IVo 1 ba c h' s me th od .

Lungs. At selected intervals after injections of larvae into 

Harwell rats, they were anaesthetised with ether and the trachea tied 

in the neck. The thoracic contents were removed whole, avoiding
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puncture of the lungs. They were fixed by totally immersing 

in 10% buffered formol-saline. With this technique the spatial 

relationships in the lung were well preserved.

Liver, muscle, lymph nodes, spleen. These were fixed 

and processed as described above.

Thoracic duct lymphocyte collection

Normal rats or rats given 15 Trichinella spiralis larvae/g 

orally 3-5 days before, had thoracic ducts cannulated by the 

method of Bollman, Cain & Grindlay (1948), adapted by Gowans & 

Knight (1964).

Thoracic duct lymphocytes were collected in 5 ml buffered 

phosphate saline containing 20 units heparin/ml and streptomycin 

Img/ml. Twelve hour collections of cells were sedimented at 100 g_ 

for 10 minutes, washed once in Parker 199 and resuspended in a 

favourable culture medium consisting of 8 parts of Parker 199, 2 

parts of isotonic phosphate buffer, pH 7.4, 0.1 part of 50% glucose 

and 0.1 part of inactivated syngeneic normal rat serum.

Staining of thoracic duct lymphocytes. Lymphocytes were spread 

on acid washed, gelatine coated slides using a Cytocentrifuge at 22 a 

for 5 min. The cells were probably flattened equally and morphology
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Figure 2.1. Thoracic duct lymphocytes from a rat with 

oral trichinosis. 80% of the large lymphocytes 

were labelled with 3H-thymidine in vitro. 

Autoradiograph. Lieshman's stain, x 600.
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was excellent. Lymphocytes were stained with methyl-green pyronin 

(G.T. Gurr) for 5 minutes or Leishman's stain as described for 

blood smears.

Labelling of lymphocytes. Thoracic duct lymphocytes were 

incubated with either 3H-thymidine which labelled only large 

sensitised lymphocytes or 3H-adenosine which labelled all the 

lymphocytes, by the methods of Gowans (1962).

Large lymphocytes were labelled by adding 0.1 (iCi 3H-thymidine/

p 
ml to the resuspended lymphocyte suspensions containing about 1 x 10 W

lymphocytes/ml and incubated for 1 h at 37°C in a shaking water bath. 

Autoradiographs showed that 55-85% of the large pyroninophilic 

lymphocytes incorporated the radioactive label. The lymphocytes 

were washed twice in 10 ml Parker 199 and then suspended in 2 ml 

Parker 199 for injections. Lymphocytes were injected into the 

lateral tail vein of recipient syngeneic rats within 3 h of collecticr. 

Cell viability was assessed by adding 1% trypan blue in saline at 

room temperature to the cell suspension. Fewer than 5% of the ceils 

took up the dye- Cytocentrifuge preparations of inocuia were Taken 

for autoradiography and for staining with methyl-green pyronin (G.T. 

Gurr Ltd.). An autoradiograph of labelled large lymphocytes frcm 

thoracic duct lymph prepared by this method is shown in Figure 2._.
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Inocula containing labelled small lymphocytes were made by 

first incubating 12 h collections of thoracic duct lymphocytes in 

an unfavourable medium consisting of 8 parts of Parker 199, 2 parts 

of buffered phosphate saline and 0.5 parts of heat inactivated
•~7

syngeneic normal rat serum (Gowans, 1962). Five to ten x 10 

lymphocytes/ml were incubated in a shaking water bath with a 5% C0 2 

atmosphere for 12 h at 37°C. Methyl-green pyronin stained smears 

showed 'that almost all the large lymphocytes were killed by this 

procedure. The remaining small lymphocytes were then washed once 

in Parker 199 and incubated at 37°C for 1 h in the favourable culture 

medium described under 'lymphocyte collections', with 40 \iCi of 

3H-adenosine/ml. The population of labelled small lymphocytes was 

washed once in Parker 199 and injected without delay into recipient 

rats. Ninety to 100% of the small lymphocytes were labelled by this 

technique.

Labelled lymphocytes in recipient rats

Rats which received the labelled lymphocytes were killed at 

intervals after the transfers and tissues were taken for autoradiography. 

The sizes of labelled cells in bone marrow preparations were measured 

with a calibrated eyepiece measuring graticule (Graticules Ltd., London).
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The number of labelled lymphocytes in the tissues could not be 

assessed by scintillation counting, as the amount of radioactivity 

in each tissue was small. Some labelled macrophages, which had 

presumably ingested labelled lymphocytes were seen in tissues; 

the number of lymphocytes destroyed in this way could not be measured.

P)l
Chromium labelled lymphocytes

Normal and stimulated thoracic duct lymphocytes were collected 

and washed as described above. Two x 10° lymphocytes were incubated 

in 0.5 ml 0.9% saline for 3/4 h at 37°C with 100 \iCi sodium

chromate, specific activity between 3-5 (ig/Ci (The Radiochemical 

Centre). The lymphocytes were washed four times in Parker 199 at 

room temperature. Radioactivity in the washings from the last wash 

contained ̂  2% of the radioactivity in the cell button. Two x 10 

labelled lymphocytes in 1 ml Parker 199 were injected into the lateral 

tail veins of recipient syngeneic rats. Twenty-two to 23 h later 

the recipient rats were anaesthetised with ether and bled out by 

the aorta. Tissues were counted in a Wallac gamma scintillation 

counter. Radioactivity in each tissue was expressed, after subtraction 

of background counts, as the percentage of the injected radioactivity. 

It was assumed that the distribution of radioactivity was an accurate 

measure of the distribution of lymphocytes. Dresser, Taub & Krantz
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(1970) have discussed this assumption and consider it valid if 

symmetrically designed experiments were done, and if the time 

between injections and sacrifice is 24 h or less.

Calculation of results

i/.eans, standard deviations, standard errors, regression equations 

and student T tests were calculated with an Olivetti Programma 101 

computer.
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CHAPTER 3

MARROW EOSINOPHILS

Introduction

There have been several technical advances in the last decade, 

which have been applied to the study of bone marrow eosinophils. 

They include the emphasis on the use of single cell suspensions for 

counting marrow eosinophils (Hudson, 1963) and the introduction of 

staining techniques for eosinophils using acidophilic stains at an 

alkaline pH (Foot, 1965). In 1958 studies of the kinetics of bone 

marrow granulocytes were begun using autoradiographic techniques (see 

Cronkite & Vincent, 1969), although the method had been developed some 

years earlier (Doniach & Pelc, 1950).

This Chapter describes work done on eosinophil kinetics in rat 

bone marrow using these techniques, in order to discover how normal 

and increased eosinophil production takes place. The first published 

work on eosinophil kinetics in normal rat bone marrow has been reportea 

recently from the Graduate School of Arts and Science, New York 

(Cohen, N.S., LoBue & Gordon, 1967; Alexander, Monette, LoBue, Gordon 

& Chan, 1969).
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Eosinophils in normal marrow

Marrow preparations with the Cytocentrifuge. Using conventional 

methods of making bcne marrow preparations it was difficult to delineate 

morphologically different types of eosinophils and to study the 

relationships between them. In order to see if marrow eosinophil 

morphology was improved when marrow was prepared with a Cytocentrifuge, 

(Dore & Balfour, 1965) bone marrow from a normal rat was both spread 

out on a glass slide by conventional methods, and also centrifuged onto 

a slide with the Cytocentrifuge as described in Chapter 2. The 

Cytocentrifuged sample showed eosinophil morphology more clearly. 

The cells did not overlap, they were pressed flat against the slice, 

eosinophil granules did not overlie the nuclei and only occasional 

eosinophil nuclei appeared to be distorted. Twenty-five percent of 

the marrow eosinophils on slides prepared by the smearing method had 

nuclei with a central hole, but on the Cytocentrifuged slides mace 

from the same bone marrow sample, there were 51%. This suggested that 

eosinophil nuclei with central holes were being smeared on glass slides 

in such a way that the ring character of the nuclei was obscured.

Types of rnarrov; eosinophils. To classify the different types of 

marrow eosincphiis the obvious variables included: the presence or 

absence of a nuclear hole; the number of eosinophil granules in the
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(a)

(b)

Figure 3.1. Two types of rat eosinophils which divide in bone marrow, 

(a) Eosinophils 'type A' have a solid nucleus. (b) Eosinophils 

'type B 1 have a central nuclear hole. Leishman's stain, x 600.
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cytoplasm; the size of the nuclear hole; the size of the eosinophils; 

and the presence of basophilic cytoplasm. As the property of possessing 

a nuclear hole was so distinctive, this was chosen as the basis for 

classification.

Three types of marrow eosinophils could be defined: type A 

(solid nucleus), type B (ring nucleus but excluding type C) and type C 

(ring nucleus identical to blood eosinophils). Later type C eosinophils 

were shown to be incapable of incorporating 3H-thymidine, and this 

was helpful in distinguishing them from eosinophils type B on marrow 

autoradiographs (Figure 3.1).

In 24 normal 200 g female Harwell rats, marrow eosinophils were 

classified as types A, B and C. Four hundred eosinophils were counted 

for each rat. An equal number of eosinophils type A and B were 

present, with relatively few type C, (Table 3.1).

Type A Type B Type C 

(solid nuclei) (ring nuclei) (blood type)

Mean 45.8% 44.5% 9.3% 

t s.D. 11.8 9.0 6.0

Table 3.1. % Marrow eosinophils of each type in 24

normal rats
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Marrow eosinophil size. Most marrow eosinophils were less than 

15 \i in diameter when measured with an eyepiece calibrated graticule. 

Eight percent of types A and B were 15 - 20 n in diameter. All 

eosinophils type C were 11 - 15 |i in diameter. There was a relation­ 

ship between eosinophil size and eosinophil mitosis. All eosinophils 

seen in prophase were greater than 15 p. in diameter. Eosinophils 

in mitosis had a mean diameter - S.D. of 16.8 - 14 \i. An occasional 

eosinophil with visible chromosomes was seen with a diameter of 9 - 12 |i 

but these had probably just divided, as the two separating parts of 

eosinophils in telophase were of this size. It was concluded that 

eosinophil size increased to a maximum just before cell division, and 

became smallest immediately after cell division.

Harrow eosinophils type C. Only about 10% of the marrow 

eosinophils were type C. If these were the progeny of cell division 

from the compartment of eosinophils type B, it was important to account 

for this small number. In many species, including the guinea pig, 75% 

of bone marrow eosinophils are band and segmented forms (Hudson, 1968). 

Eosinophiis type C might have remained in the bone marrow only a short 

time, but on the other hand eosinophil TF was found to be between 17
^f

and 40 h (p. 23). The possibility remained that eosinophils type C 

left the bone marrow a few hours after they had been formed, and that
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they matured in some other organ such as the spleen. This focused 

attention on the spleen as a site for eosinophil production. Two 

experiments were designed to test the hypothesis that rat spleens are 

sites in which eosinophils type C mature before they are released into 

the general circulation.

Single cell suspensions of spleens from 10 normal B/H Animal
»

Supply rats were made. The cells were centrifuged onto glass slides 

and stained with Leishman's stain, or haematoxylin and Biebrich scarlet 

as described for bone marrow cell preparations. Among 1,000 splenic 

eosinophiis studied, 95% were types B and C, and none were seen in mitosis 

Then 4 normal rats were given injections of 400 (iCi of 3H-thymidine 

intravenously, and spleen eosinophils were studied 1 h and 40 h later. 

At 1 h, one among 500 splenic eosinophils was labelled. At 40 h 

15% of 250 splenic eosinophils were labelled, before labelled eosinophils 

appeared in the blood.

These results supported the concept that eosinophil cell division 

did not occur in the spleen, but that some of the eosinophils in the 

spleen were maturing there prior to release into the blood.

Development sequence of marrow eosinophils. In several experiments 

dividing marrcv; eosinophils were shown to be different morphologically 

from non-divicir.g eosinophils. Thirty female Harwell rats weighing
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about 200 g were given 3H-thymidine, 1 nCi/g intravenously. Marrow 

was taken for autoradiography one hour later. No label was found in 

eosinophils type C, but label was found in eosinophils type A and B 

(see also p. 66). This showed that in normal rat bone marrow, about 

90% of the eosinophils were in the 'dividing compartment 1 .

Label was only found occasionally in the smallest diameter 

eosinophils of types A and B in the normal rats which confirmed the 

finding of Alexander, Monette, LoBue, Gordon & Chan (1969). In marrow 

samples taken from rats which were producing many eosinophils on the 

other hand, labelling in the smallest eosinophils of types A and B 

occurred as frequently as in the larger cells. This suggested that 

TG was very short in stimulated dividing eosinophils (see p. 67).

Morphological differentiation of eosinophils type B (dividing) 

from type C (non-dividing) was difficult, as the size of the hole 

in the nucleus was uniformly variable. Nevertheless, in practice, it 

was possible to distinguish marrow eosinophils which were identical 

to circulating eosinophils and these were not labelled 1 h after an 

intravenous injection of 3H-thymidine. Evidence is presented on p. 66 

that eosinophils type A were precursors of eosinophils type B.



Figure 3.2. An abnormal eosinophil found in stimulated rat bone marrc; 

The eosinophii is binucleate with a nuclear satellite. A norma. 

eosinophil is present in the lower part of the figure for 

comparison. Haematoxylin and Biebrich scarlet, x 800.
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Abnormal eosinophils in bone marrow. Abnormal eosinophils were 

very rare in bone marrow. Cells with circular, darkly staining nuclei, 

which could be classified as 'pyknotic 1 , frequently took up 3H-thymidine, 

so that they were not considered abnormal. However, abnormal 

eosinophils in marrow were occasionally found in rats given Trichinella

spiralis intravenously. Some eosinophils type A with two separate
» 

nuclei were seen. Three mature marrow eosinophils with double nuclei

were seen and one is shown in Figure 3.2.

Small 'packets' of eosinophil granules with variable amounts of 

nuclear remnant were also seen in some bone marrow and blood samples. 

Some may have been preparative artifacts, but they were seen on smears 

and in wet preparations supravitally stained by the method of 

Discombe (1946). It was thought that these 'packets' might be 

eosinophil fragments produced in tissues, but none were seen in 

thoracic duct lymph draining the intestine in which many eosinophils 

are found. It seemed more likely that 'packets' of eosinophil granules 

were derived from bone marrow eosinophils which had failed to develop 

normally in vivo, and which had not been removed completely by the 

reticulo-endothelial system. The small quantities found, made it 

unlikely that they had any significant physiological role.
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Eosinophil 5 in stimulated marrow

Bone msrrc.vt blood eosinophil relationships. In earlier work 

in this laboratory on eosinophil production (Basten, Boyer & Beeson, 

1970; Basten & Beeson, 1970; Boyer, Basten & Beeson, 1970), it was 

assumed that blood levels of eosinophils would mirror bone marrow levels. 

In order to test this important assumption 108 female Harwell rats, 

weighing about 2CC g were studied. Thirty-two were normal and 76 

were given a single injection of Trichinella spiralis larvae intravenously, 

and were killed for marrow eosinophil counts at intervals thereafter. 

Injections were, given on various days, but always between 9.45 - 10.15 a.m. 

Blood eosincphil counts were done at the time of injection and at death, 

but not at other times. The results are shown in Figure 3.3.

The marrow eosinophil level was maximal about 2 days before the 

greatest bleed eosincphil count was reached. The shapes of the two 

curves were similar. Bone marrow levels increased from 4.5% to 22% 

(x 4.9), arc blood levels increased from 53 to 600/mm3 (x 11.3). This 

was evidence that, in this system, changes in marrow eosinophil levels 

were mirrored by changes in peripheral blood eosinophil levels.

In the s=m.e experiment, it was possible to compare blood eosinophil 

counts with marrow eosinophil levels, at the time each rat was killed. 

Results in tr.e 93 rats are shown in Figure 3.4.
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Figure 3.4. The relationship between bone marrow eosinophil
s^

percentage and blood eosinophiis/mm in normal rats and 

rats given Trichinella sciralis larvae intravenously. 

Raised blood eosincpnil levels were only found when the 

percentage of marrow eosinophiis was twice normal.
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A best fit regression straight line had the relationship

q
y - 6.96 4- 0.02 x, where x is the blood eosinophil count/mm and

y the marrow eosinophil %. Where x - y, the correlation coefficient

was 0.80-

In stimulated bone marrow, one third of blood eosinophil counts 

which were within the normal range were associated with eosinophil 

levels in the marrow above the normal range. This was because marrow 

eosinophil counts rose before peripheral blood levels were 

increased in the stimulated rats.

q

Blood eosinophil counts of over 150/mm were always associated 

with marrow eosinophil levels of over 9%, i.e., twice the normal level. 

Moreover, amongst the 93 rats studied, none had an eosinophil count
o

of over 150/mm associated with a normal bone marrow content of 

eosinophil. This provided direct confirmation for the assumption that

q
with this method of inducing eosinophilia blood levels of 150/mm or 

more were associated with increased numbers of bone marrow eosinophils.

Very high eosinophilia. About 1% of rats showed a greater than 

than normal eosinophil response. One rat developed an ecsinophilia of 

6,250/mm 11 days after Trichinella spiralis larvae were given
»

intravenously. The blood mononuclear cells and neutrophils also 

increased by a factor of three. The eosinophil count had returned to
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normal by day 17. ,Y.ost of the eosinophils in the blood were mature 

but a small proportion had non-fenestrated nuclei. In another rat
S}

the blood eosinophil count rose to 2,000/mm and the bone marrow was 

found to contain 47>o eosinophils at that time.

The mechanism of these abnormally high responses is not known, 

but it may depend on continuing excess bone marrow eosinophil 

proliferation possibly cue to additional stem cells entering the 

eosinophil production sequence.

In one rat which had an unusually great eosinophil response 

to the stimulus, the carcass was found to contain 101 living larvae 

3 weeks after injection, showing that some larvae had passed through 

the lungs. However this response did not occur in 4 other rats in 

which larvae were found to have migrated through the lungs after 

intravenous injection. The magnitude of these abnormally high 

eosinophil responses demonstrates the capacity for eosinophil production 

that may be avaiiab-e in rats.

Marrow ecsihcchil kinetics. An experiment was designed to give 

as much information as possible about the kinetics of eosinophil 

production in rats -.vnich had received a single stimulus to eosinophil 

production, ccrr.psred with normal rats. Labelling of marrow eosinophils 

after single injections of 3H-thymidine was followed.
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% eosinophils
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Figure 3.5. The number of eosinophils/100 nucleated cells in 

normal marrow during 24 h. There was no apparent diurnal

variation.
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Wet,hods_. Two groups of female 200 g Harwell rats were used. 

The first group of 23 rats was injected with Trichinella spiralis 

larvae intravenously at 10.0 a.m. and the second consisted of 24 

normal rats. Rats were from the same litters and were handled
<  

in the same way, so that each stimulated rat had a comparable 

control. Twenty-four hours after injection of larvae into 

the first grcjp of rats, both groups were given 3H-thymidine 

1 (iCi/g intravenously. At 2 hourly intervals thereafter pairs 

of rats were sacrificed from the control and stimulated groups. 

Blood and marrow eosinophiis were studied.

Perc£nt T.arrc_.v_eosi_nophil_s. Normal rat marrow contained 

4.7 - 1 .C?o (24) eosinophiis. Hulse (1964) who used -Vistar rats 

of the same strain as those used here, also found 4. 1% eosinophiis 

in normal rat marrow. Rytomaa (I960) has reviewed some of the 

marrow eosinophil percentages which have been reported for rats 

previously. There aid not appear to be a diurnal variation in 

the % eosinophiis in cone marrow (Figure 3.5).
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In our stimulated rats the eosinophil content of the marrow did 

not begin to rise until several hours after the injection of larvae 

(Figure 3.6)

14 r-

12

10

.1

TO
E

o w
c

8 4.71

Trichinella given 
24 hours previously

24 36 48 
hours

60 72

Figure 3.6. iosinophils in the marrow of rats given larvae

intravenously. The range of normal values is shown in the 

hatched area.

Where the time after injection of larvae is K and the % marro// 

eosinophils is y, a best fit regression line had the form y = 0.67 - 0.18x 

with a correlation coefficient where x - y of 0.81. From this it was 

calculated that the percent eosinophil in marrow had begun to rise at 

22.7 h and had doubled at 49.2 h after injection of larvae.
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Percent marrow_eosi1nophi.Ls_types_Ai B and C. When the proportions 

of the eosinophils types A, B and C were counted, it was found that 

they did not alter in any rat marrows during the period 1-3 days 

after the stimulus was given. The mean results for this period - S.D. 

are shown in Table 3.2.

eosinophils
/

Eosinophils Normal rats Stimulated rats

Type A 45.8 - 11.8 43.4 ± 7.9

Type B 44.5 ± 9.0 49.1 - 5.5

Type C 9.4 ± 6.0 5.5 ± 2.7

Table 3.2. The proportion of eosinophils types A, B and C in normal 

marrow and marrow 1-3 days after intravenous larvae

As there was no alteration in the relative proportions of the 

three types of eosinophils, it was concluded that the stimulus to 

eosinophil production initially acted on all eosinophil types in 

proportion to their concentrations in marrow tissue.
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Perce_nt m5rrcv/_eosLr:Ophil_s_in niito_si£ _OTiitoti_c_index) . The 

eosinophil mitotic index of normal rats was 0.74 - 0.33 (24). There 

was no clear diurnal variation, but so few were found that this 

conclusion could r.ot be made with confidence. Dustin & de Harven (1954) 

found an eosir.ophii mitetic index of 0.44% in normal rat marrow. This 

is similar to the myeioic mitotic index of rats of 0.5% (Kindred, 1942). 

In the stimulated rats the mean mitotic index was raised to 1.94 - 0.67 (23)
t>

an increase of x 2.6. Here too there was no clear diurnal pattern, 

but there may have been a peak in mitotic activity 40 h after injection 

of larvae (Figure 3.7).
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Figure 3. . The mitotic index of marrcvv eosinophils 1-3 days 

after intravenous injections of larvae. The range of 

normal values is sno.vn in the hatched area.
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E_O£ino2h:Ll_mi_tosi_s_in each_phas_e_o_f £6l_l_di_vi_si>on. As so few 

eosinophil mitoses were found in marrow (1 in 2,800 nucleated cells 

in normal marrow and 1 in 500 in stimulated marrow) and as cells in 

prophase may be difficult to recognise, care was taken not to overlook 

eosinophils in mitosis. The proportions of eosinophil mitoses in prophase 

metaphase, anaphase, and telophase in both normal and stimulated rats 

are shown in Table 3.3. The proportions of the stages in eosinophil 

mitoses are similar to those reported for normal rat marrow by 

Dustin & de Harven (1956).

Normal rats Stimulated rats

Prophase

Metaphase

Anaphase

Telophase

Total:

Table 3.3.

divi

No. %

68 38.4

72 40.6

11 6.2

26 14.7

177

The % eosinoohil : 

sion in normal and

f \
No. %

171 40.4

150 35.5

43 10.1

59 13.9

423

mitoses in each phase of cell

stimulated rats.
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Labelling ofjnarrow eosinophUs ty£es_ A and B. .Marrow eosinophiis 

types A and B were studied at 2 h intervals after injection of 3H-thy~udine 

In the normal rats the proportion of labelled eosinophiis type A was 

falling when maximal labelling of eosinophiis type 3 was taking place- 

This suggested that eosinophiis type A were developing into eosinophiis 

type B. Results are shown in Figure 3.8.
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Marrow eosinophiis 
• Type A 
0 Type B
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Q. 
O
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e
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24hrs after 10,000 
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• 
o

_L

24 36 48 
hours

60 72

Figure 3.8. The % eosinophiis types A and B labelled by a single 
————injection of 3H-thymidine in normal rats (upper figure) and 

stimulated rats (lower figure).
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Eosinophil cell cycle times (h) 

Normal rats Stimulated rats
/————————————— Tx /
Median Mean - S.D. Median Mean - S.D.

T median 30.0 (see Figure 3.11) 9.0 (see Figure 3.11) 
C

T + -5-T,, 9.0 9.1- 1.3 0.8 0.9-0.5 G! 2 M

T 18.5 21.6-12.8 7.3 7.4 ± 0.7 
S

T + iT 2.8 3.9 ± 3.9 1.9 2.1 ± 1.1 G M

Table 3.4. Ecsinochil cell cycle times in the marrow of normal 

rats and rats given Trichinella spiraiis larvae, calculated 

from eosinophil mitosis labelling curves *

The stimulus decreased eosinophil cell cycle times by a factor

of 3. and the main effect was on T and T0 . 7 bib



68.

Marrp_w_eosijri£phil_ £el_l_cy_cl_e_pa_raniet<erj5. The bone marrow slides 

from normal and stimulated rats were assessed for the presence of label 

over eosinophil mitoses at 2 h intervals after the injection of 

3H-thymidine. Up to 10 slides from each rat were scanned to locate 

100 eosinophil mitoses. The results are shown in Figure 3.9.

The number of grains over the eosinophil mitoses were counted 

in both groups of rats. The amount of 3H-thymidine incorporated 

in human granulocytes varies during S and most label is incorporated 

during the middle of S. Grain counts over labelled rat eosinophil 

mitoses also showed this effect (Figure 3.10).

The results of the % labelled eosinophil mitoses were processed 

by Dr Gordon Steel, Biophysics Department, Royal Marsden Hospital, 

Sutton, Surrey, using a computer programme in which a mathematical 

model was set up where G-, , S and Go were lognormally distributed, 

and the best fit form of this model was produced (Barrett, 1966). 

The median cell cycle time for normal eosinophils was 30 h, and for 

stimulated eosinophils 9 h as shown in Table 3.4.
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(control rats)
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Figure 3.9. % marrow eosinophil mitoses labelled in normal 

rats (upper figure) and rats given Trichinella soiralis 

larvae (lower figure) . Dividing eosinopnils in the 

stimulated marrow had cell cycle times about l/3rd as 

long as the normal rats. The curves fitted to the 

experimental points were computed, using Barrett's method 

and have a good fit for the first cell cycle in each group

of rats.
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Figure 3.10. The number of grains over labelled eosinophil 

mitoses after sinqle injections of 3H-thymidine in 

normal rats (upper figure) and rats given Trichinella 

spiralis larvae intravenously, (lower figure). A striking 

periodicity in grain counts was found, probably due to 

variations in the amount of thymidine taken up at different

times in the S phase. The curves were drawn by eye.
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A further analysis of the cell cycle times of the first group of 

labelled mitoses was done by Dr Gordon Steel. The frequency 

distribution of these times in normal and stimulated rats is shown 

in Figure 3.11.

30

o>
E

20

o> o

o>

Sf 10

o> 
cc

Stimulated

Normal

0 6 12 18 24 30 36 42 
Eosinophil cell cycle time. Hours.

48

Figure 3.11. The frequency distribution of eosinophil cell 

cycle times in the marrows of normal and stimulated rats, 

In the stimulated rats the cell cycle times were shorter

and the spread was also reduced.
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Eosinophil production rates.

Indirect measurements. From the cell cycle times for normal 

and stimulated rats it was possible to calculate for eosinophils 

type A (compartment A) and B (compartment B) several compartment 

parameters, where

Iog e2 
Birth rate = ———— (Tarbutt & Blackett, 1968)

Tc

flow out,mNumber of division (m) 2 =
flow in 

Compartment transit time = I x m

At least two assumptions are necessary: that cell cycle times 

for marrow eosinophils as a whole can be applied to eosinophils types A 

and B separately, and that flow rate into compartment A is about 

1%/h (similar to the flow into the proerythrocyte compartment of 

rats of similar age to those studied here, Tarbutt, 1967). Using 

these equations and the cell cycle times shown in Table 3.4, the 

following results were calculated (Table 3.5).

These calculated results can be combined with figures obtained 

for T (p. 85) to give a total marrow transit time: 7 days for normal 

eosinophils, and 4.5 days for stimulated eosinophils. This may be
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compared with the total transit time for erythrocytes in young rats 

of 6.5 days (Roylance, 1968). In stimulated rats there is an 

initial delay of'23 h before the marrow eosinophil counts begin to 

rise, so that the total time for stimulation of the earliest 

eosinophils until they emerge into the blood is 5.5 days. This 

time is equivalent to the point at which a maximal blood eosinophilia 

was found in the blood of stimulated rats. Thus the maximal effect 

of the stimulus was only seen in the blood, when the earliest 

eosinophil precursors had finally left the marrow.

The calculations showed that in stimulated marrow, an additional 

5-6 divisions occurred among eosinophils type A. This would result 

in about 32 - 64 times the normal number of eosinophils being made, 

during the 6 days after the marrow has been stimulated.
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Direct measurements. It is possible to estimate marrow eosinophil 

production rates (Kp)directly, using the formula:

N x E x LI 
Kp - ——————— (Lala, Maloney & Patt, 1964)

Ts
Kp = marrow production rate (new eosinophils produced/mg bone marrow/h)

N = number of nucleated cells/mg bone marrow

E = proportion of marrow nucleated cells which were dividing

eosinophils, types A and B. 

LI = proportion of eosinophils labelled 1 h after injection of

3H-thymidine

1 = duration of eosinophil S phase (h) o

Kp would provide a direct marrow assay for substances influencing 

eosinophil production in vivo.

Nucleated cells/mg marrow. Measurements of the total numbers 

of nucleated cells/mg bone marrow are difficult to make for technical 

reaons. This is shown by the variety of results that have been 

reported for rats: 2.0 x 106 (Kindrid, 1942): 8.65 x 105 (Plum, 1943): 

and 2-3 x 10^ (Burke & Harris, 1959). Here particular care was taken 

to weigh the marrow free from bone fragments. The mean number of 

marrow nucleated cells/mg - S.D. was found to be 1.81 * 0.54 x 10^ (24). 

It did not vary significantly between normal or stimulated rats.
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In an experiment to measure eosinophil production rates directly, 

4 female Harwell rats, weighing about 200 g were used. One was normal, 

Three others were given larvae intravenously 5, 6 and 7 days previously, 

The 4 rats were killed 1 h after injections of 3H-thymidine, 1 M-Ci/g 

intravenously. Marrow was weighed, counted and processed for 

eosinophil counts and autoradiography. The LI of cell types A and B 

were measured together. It was assumed that T in the normal rats 

was 18.5 h and 7.3 h in the stimulated rats, and that N was 1.81 x 10 . 

Results are shown in Table 3.6.

The production rate of eosinophils in normal rats was

2
0.5 x 10 eosinophils/mg/h. If it is assumed that the total volume

• O Q

of bone marrow in a rat is 1.18 - 0.53 x 10 mm /100 g rat (Kindrid, 

1942) the total number of eosinophils being produced/h in the normal 

200 g rat was 9.4 x 10 eosinophils/h. In the rat given larvae 

intravenously 5 days before, it was calculated that 276 x 10^ 

eosinophils/rat/h were produced. This is an increase of 28 times 

over the normal rate. The magnitude of this response can be 

compared with the peripheral blood changes of eleven times over the 

same period, and the bone marrow % eosinophil change of five times.
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Conculusions

This Chapter has described experiments which were done to 

study eosinophil production in bone marrow. After delineating 

several types of eosinophil, well known autoradiographic techniques 

were used to measure eosinophil cell cycle times and other kinetic 

parameters, in normal and stimulated rats. The results showed
9

that after a delay of 23 h, all the marrow eosinophils in the dividing 

compartment were affected and there was a considerable reduction in 

cell cycle times, and 5 to 6 additional divisions were induced. 

Indirect and direct measurements showed that eosinophil production 

rate increased 30 times above normal. The stimuli to increased 

production could have acted in several ways to produce these effects, 

and this is discussed in Chapter 7.
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Blood eosinophils / mm3 ± S.D.

10,000 Trichinella I.V.1000

400 •

200 •
W V25) 

~*<23>

o

Figure 4.1. Blood eosinophil/mm in Harwell rats given

Trichinella spiralis larvae or saline intravenously. 

The normal level of blood eosinophils - 2 S.D. is shown 

in the hatched area. The eosinophil response to 

injected larvae was uniform and predictable (Hasten, 

1970).
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CHAPTER 4

BLOOD EOSIMOPHILS

Introduction

As variations in the blood concentration of eosinophils are 

easy to follow, eosinophil counts are commonly used to study 

alterations in eosinophil production and utilisation. This is 

shown in the study of Basten, Boyer & Beeson (1970), who found that 

intravenous injection of Trichinella spiralis larvae induced an 

eosinophilia in rats,(Figure 4.1).

Blood eosinophil levels can be altered in many ways: by changes 

in marrow production rate and emergence time; changes in distribution 

in the vascular compartment including sequestration and marginaticn: 

changes in the size of intravascular eosinophil compartments; and 

changes in the rate of eosinophil removal from the blood. Hence 

measurements of blood eosinophil levels do not by themselves indicate 

how a stimulus may alter the eosinophil concentrations in blood.



81.
1000

900

800

700

600

500
400

300

200

100

1000 

900

^ 800 

£ 700 

= 600 

& 500 

1 400

1 30° 
^ 200

100

I.V. 10,000 
Trichinella

I I. P. 80.uc 

V H Thymidine

I.V. 10.000 
Trichinella

! I. P. 130 uc: 3
* H-Thymidine

^°^ ̂  '' "x»- .<r^^Y?--9' , -i—«'---T»">,>'-',
-1

1000

900

800

700

600

500

400

300
200

100

I
I.V. 10,000 
Trichinella

: I.P. 80jic
i H - Thymidine

-2 -1 2 3 

Days

Figure 4.2. Blood eosinopnils/^3 (solid lines) and blood labelled
Q

eosinophiIs/mm (dotted lines) after injection of larvae and 

3H-thyinidine. The largest number of eosinophils was labelled 

when the 3H-thymidine v;as injected 2 days after the lar^e.
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This Chapter describes experiments which were done to study 

the relative importance of these mechanisms in the regulation of 

blood eosinophil levels in normal rats, and rats in which an 

eosinophilia had been induced by injection of larvae. The aim of 

the work was to determine how an eosinophilia occurs, both in terms 

of the kinetics of eosinophils in the blood, and the processes 

responsible for the changes that may take place. The kinetics of 

blood eosinophils have been studied in normal states, and this 

is reviewed by Andersen & Bro-Rasmussen (1969).

Percent blood eosinophils labelled by single injections of 

3H-thymidine.

First, experiments were done to estimate the flow of newly formed 

eosinophils into the blood, as an extension of the work on bone marrow 

production described in the last Chapter.

3H-Thymidine was either administered immediately before injecting 

larvae, or 24 h or 48 h later. When the 3H-thymidine was injected 

with the larvae a maximum of 42% of the blood eosinophils became 

labelled 2-§- days later. When the injection of label was delayed 

for 24 h, 60% were labelled and when the delay was 48 h, 83% were 

labelled, (Figure 4.2). This showed that the eosinophilia was caused 

by increased number of newly formed eosinophils over 80% of which were 

synthesising D.N.A., two days after injection of larvae. This agreed
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with the previous finding(p.67 ) that T /T is greater in stimulated
o U

than normal rats. In addition there may have been some reutilisation 

of label in the stimulated rats to account for the high proportion 

labelled by a single injection of 3H-thymidine.

Eosinophil emergence time (TF )

A number of experimental studies on marrow eosinophils have 

suggested that there is a pool of mature marrow eosinophils available for 

release. Hudson (1968) classified guinea pig marrow eosinophils which 

had finished dividing and which were morphologically band and segmented 

forms as "the marrow reserve pool". He found that release of these 

mature eosinophils occurred within 29 hours of reinjection of antigens.

It was of importance to see whether a similar phenomenon was taking 

place in rats injected with larvae by the intravenous route, as eosinophils 

were found in large numbers in lung lesions within 24 h (Chapter 5).

Blood eosinophils of 17 rats were counted immediately before larvae 

were injected intravenously. Four to 24 h later a further blood count 

was done. There was no signficant difference between the initial
O i

blood eosinophil counts/mm of 41.4 - 15, and the final counts of 

37.6 - 24.6. Because the blood eosinophil counts did not fall during 

this period, newly formed eosinophils were probably entering the 

circulating blood as rapidly as they were being removed into the lungs.
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Figure 4.3. Eosinophil counts in rats given Trichinella 

spiralis larvae intravenously. The counts began to 

rise 36 - 48 h later. The shaded area outlines the 

range of blood eosinophil counts in 24 normal rats studied

at the same time.
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If newly formed eosinophils were being released sooner than 

normal, in response to the stimulus, then a shortening of the normal 

T should be expected. This possibility was studied in 23 rats 

given single intravenous injections 1 p.Ci 3H-thymidine/g, 24 h after 

larvae had been injected intravenously. There were no alterations

in blood mononuclear cell or neutrophil counts during this period
» 

but the blood eosir.ophil counts rose above the normal levels as shewn

in Figure 4.3.

The % blood eosincphils labelled in these stimulated rats after 

the injection of 3H-thymidine was also studied. Labelled eosinophiis 

began to appear in the blood of normal rats 40.9 h after the injection 

of 3H-thymidine, but in the stimulated rats labelled eosinophiis 

emerged after only 17.7 h, (Figure 4.4.)

It was concluded that eosinophil emergence time was reduced 

in stimulated rats. This mechanism, which results in more eosincphiis 

leaving the marrow, is clearly different from that proposed in the 

concept of a "marrow reserve pool" (Hudson, 1968).

Grain counts over labelled blood eosinophiis in the stimulated 

rats showed that the mcst heavily labelled eosinophiis were present in 

blood 28 h after injection of 3H-thymidine. The time interval bet.veer. 

the first appearance of labelled eosinophiis in the blood and the time 

when the secor.d wave of labelled cells emerged was about 25 h, (Figure ^
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Figure 4.4. The % labelled blood eosinophils after a single 

injection of 3H-thymidine in normal rats (upper figure) 

and rats given larvae intravenously (lower figure). The 

emergence time was 40.9 h in normal rats, but was reduced 

to 17.7 h in stimulated rats. These figures were calculated

from regression equations plotted as dotted lines
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Figure 4.5. The % labelled blood eosinophils (continuous 

line) and % labelled neutrophils (dotted line) in a 

rat given larvae and 3H-thymidine intravenously. In 

daily samples of blood labelled eosinophils appeared 

28 h before labelled neutrophils, suggesting that their 

emergence times were regulated separately.
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Comparison of eosir.cphil and neutrophil Tp

It was interesting to find that in the previous experiment, 

no change in neutrophil T_ occurred when eosinophil T was halved.
Cf XZ

This result was confirmed by a similar study on one rat which was 

injected with larvae and given 1 p.Ci/g 3H-thymidine 24 h later. 

Daily blood samples were taken and the % eosinophils and neutrophils 

labelled was measured. Results are shown in Figure 4.5.

Eosinophil release'

It has not proved possible to study separately the pools of 

marginated and circulating eosinophils which comprise the total blood 

intravascuiar pool of eosinophils. Athens (1969) used a radioactive 

di-isopropyl flucre-phosphate label to study the marginated pool of 

neutrophils in mar., but eosinophils are not labelled by this technique. 

So experiments were done to assess indirectly the importance of the 

eosinophil mobilising processes from marginated sites, by measuring 

the blood ecsincphii count itself. It was assumed that if increased 

blood eosincpr.il levels occurred then these additional eosinophils 

were probably sequestered or marginated cells. This short term 

increase in blood ecsir.ophil counts which was presumed not to come about 

by additional eosir.cpr.il production, was termed eosinophil 'release'.
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Plasma. Experiments were designed to test for eosinophii 

'releasing' activity in the plasma of Harwell rats 1.5, 4, 6 and 23 h 

after they were injected with Trichinella spiralis larvae intravenously. 

Pairs of Harwell rats were given 0.5 to 1.8 ml of the plasma 

intravenously, and eosinophii counts were done at the time of injection 

and four hours later. Five of 6 recipients had an eosinophilia when 

injected with plasma, taken 6 and 23 h after injection of the larvae. 

Eosinophii counts rose from 39 - 55/mm^ to 111 - 133/mnrr in these 

recipients. In a control study normal plasma injected into 5 normal 

rats did not produce this effect.

In another experiment, 28 S.P.F. Harwell rats were used as 

recipients of plasma. Donor Harwell rats were either normal animals 

or had larvae injected intravenously 12 - 24 h previously. Donor 

rats were given an intravenous injection of 100 units heparin, and 

were bled out from the aorta under ether anaesthesia. Plasma was 

separated and 2 ml volumes were injected intravenously within an hour 

into normal recipients. Blood eosinophils were counted at the time 

of injection of plasma and 3, 6 and 24 h later. These counts showed 

a two-fold increase at 3 and 6 h in 19 recipients given plasma from 

the rats which had intravenous larvae. In 9 rats given normal plasma, 

there was no alteration in blood eosinophii counts. Statistical 

differences at 3 h were P<0.005; at 6 h P<0.001; but at 24 h P>0.25 

(Figure 4.6).
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Fi qure 4.6. Blood eosinophil counts in rats given injections 

of normal plasma (lower figure) and plasma from rats given 

Trichinella spiralis larvae intravenously 12-24 h before 

(upper figure). The plasma from the stimulated rats 

induced a small but significant eosinophilia at 3 and 6 h.



91

o

The mean height of the 6 h blood eosinophil response was 87/mm . 

This small number was probably partly related to the small 'reserve 1 

of non-circulating eosinophils in these S.P.F. rats. In non-S.P.F. 

Animal Supply rats, 'releasing' plasma in a group of 3 rats induced 

a rise of blood eosinophils from a mean of 100/mm to over 300/mm .

Further tests were made to determine whether the 'stress 1 of 

injection had lowered the eosinophil count to some extent in the face 

of a rise brought about by eosinophil 'releasing 1 plasma. Harwell 

rats were adrenalectomized and at various time intervals afterwards 

were given 'releasing' plasma intravenously. Rats injected within 

2 days of adrenalectomy showed wide variations in blood eosinophil 

response to the plasma, but this effect lessened as the time interval 

increased to 12 days after adrenalectomy. No increase in the mean 

eosinophil response to plasma occurred, so it was concluded that 

adrenalectomy had not provided a more 'sensitive' in vivo assay system.

Ten ml active plasma derived from rats 24 h after injection of 

Trichinella spiralis larvae was dialysed against 2 changes of 2L 

buffered normal saline, pH 7.4 for 24 h at + 4°C, but showed no reduction 

in 'releasing' activity when tested in 4 normal recipient Harwell 

rats, 3 of which showed a doubling of blood eosinophil counts 4 - 5-g- 

h after injection. In other experiments the plasma activity did not 

appear to be lost by storage at -20°C for several days.
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Splenectomised rats which had higher than normal resting levels 

of eosinophils responded to 'releasing' plasma in the same way, with 

maximal eosinophil counts 6 h later, but the % rise was not increased. 

Similarly adrenalectomised and splenectomised rats did not prove to 

be any more useful for assaying 'releasing 1 plasma than normal rats.

Lung tissue. It was possible that eosinophil 'releasing 1 » 

activity was produced by damaged lung tissue. To investigate this, 

lung tissue was taken from 3 Harwell rats injected 16 h previously 

with larvae intravenously. The lungs were cut up with scissors, 

homogenised with a shredding homogeniser in Parker 199 and treated 

with ultrasound for 1 minute while cooled with ice, and centrifuged. 

The supernatant (0.5 ml, equivalent to about l/8th of the soluble 

part of one lung) was given to each of 4 Harwell rats intraperitoneally, 

No eosinophilia occurred in the recipients 2, 4 and 6 h later. This 

provided no evidence of 'releasing' activity in the lungs themselves, 

although it might be admitted that such activity could have been 

destroyed by the extraction procedures.

Damaged eosir.cphils. The possibility was considered that damaged 

eosinophils themselves could generate eosinophil 'releasing 1 activity. 

This was tested by using peritoneal eosinophils removed from 4 rats 

by peritoneal lavage. These animals were given trichinosis, followed
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by splenectomy combined with intravenous larvae 3 weeks later. 

Peritoneal lavage was carried out to remove mast cells. Five 

days later an additional lavage yielded an exudate rich in eosinophils.
o

Of 4.1 x 10 cells, forty-eight percent were eosinophils, 50% 

mononuclear cells, 2% mast cells and less than 1% neutrophils. 

Half this cell suspension was frozen to -20°C and thawed 

rapidly and injected intravenously in 3 ml Parker 199 into a normal 

syngeneic rat. Eosinophil counts at 3, 6 and 24 h later did not
/^

rise above 30/mm . The blood neutrophil count also did not alter. 

The remainder of the cell suspension was incubated in Parker 199 

containing 1 unit of heparin/ml with 5,000 Trichinella spiralis larvae 

in a volume of 2 ml. The suspension was left shaking in a water bath for 

-g- h at 37°C. Supernatant from this culture did not induce an 

eosinophil or neutrophil leucocytosis in a normal syngeneic recipient 

rat at 3, 6 or 24 h after injection. These two experiments did not 

support the hypothesis that damaged eosinophils could initiate the 

release of eosinophils from marginated sites.

Eosinophil half life (TJ-) in the blood. Rat eosinophil T-g- 

was first measured accurately by Foot (1963) using continuous infusions 

of 3H-thymidine into restrained PVG/C rats. She showed that eosincphil 

was 10 - 2 h.
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Eosinophil T-JT has not been measured in rats which are unrestrained 

and specific pathogen-free, or in conditions where blood eosinophil 

T-g- might be altered. There are considerable technical difficulties 

in studying labelled blood eosinophils when the eosinophil count is 

less than 100/mm . Therefore the method for concentrating blood 

leucocytes for autoradiography was devised, as described on p. 37.
i>

The effect of 'stress' on the kinetics of eosinophils was minimised 

either by bleeding each rat at greater than 12 h intervals, or by 

sampling only once after injections were made. Calculations of 

eosinophil T-g- were done by analysing the rate of increase in the 

percentage of labelled eosinophils in the blood by the method of 

Foot (1963) .

In 6 normal Harwell rats, sampled only once, 40 to 45 h after 

an intravenous injection of 2 (iCi 3H-thymidine/g, eosinophil T-g- was 

6.6 h. Another group of 6 Harwell rats were given larvae intravenously 

followed after 24 h by 1 \id 3H-thymidine/g intravenously. Blood 

eosinophils were sampled once, 14-32 h after injection of label. 

Eosinophil T-g- in the stimulated rats was calculated to be 6.1 h. As 

eosinophil T-g- had not decreased appreciably in the stimulated rats, it 

seemed likely that the marginated pool of eosinophils had increased. This 

was confirmed in the histological study in which many marginated eosinophils 

were seen in blood vessels near the lesions induced by larvae (p. 101).
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Blood eosinophil T-g- was measured in 2 PVG/C rats, 2 and 5 days after 

giving larvae intravenously. One |iCi 3H-thymidine was injected 

intravenously and the rats were sampled at 12 h intervals. Eosinophil 

T^g- was 9.7 and 19.2 h respectively. As blood eosinophil T-g-was 

found to be increasing in stimulated rats, as the blood eosinophil 

counts rose, it seemed likely that the total blood granulocyte pool 

had increased to such an extent that it masked any effect that increased 

eosinophil migration into the tissues might have in reducing blood 

eosinophil T-g-. The eosinophil T-g- was probably longest at the height 

of the eosinophilia when the rate of removal was returning to normal. 

In another PVG/C rat which had been splenectomised, blood eosinophil T-g- 

was 12.1 h, 2 days after injection of larvae. This was suggestive that 

splenectomy prolonged eosinophil T-g- in blood, and here too, the 

mechanism may involve an increase in the size of the total intravascular 

pool of eosinophils.

Conclusions

Eosinophil concentrations in the circulating blood depend on 

several interrelated processes. Input of newly formed eosinophils 

is regulated by alterations in the emergence time of eosinophils, 

which is controlled independently of neutrophil emergence time. 

Once in the circulation, eosinophils are partitioned between
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circulating and marginated compartments. Although the sizes of 

these compartments could not be measured, it was shown by measuring 

eosinophil half-life in the blood that the sizes of both compartments 

probably increases when there is an eosinophilia. A serum factor 

is present in stimulated rats which releases eosinophils into the 

circulating compartment, so that more cells become available at distant 

sites.

The general conclusions are reached that eosinophils become 

available within 24 h of a stimulus by mechanisms which involve 

a redistribution of eosinophils. The effects of increased 

production influence blood eosinophil levels after the acute 

response has been initiated. These findings are discussed further 

in Chapter 7.
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CHAPTER 5

TISSUE EOSINOPHILS

Introduction

Increased bone marrow eosinophil production was initiated by 

events which occurred during the first 24 h after intravenous 

injection of Trichinella spiralis larvae. Circulating white blood 

cells taken during this period would transfer the eosinophil stimulus 

to normal rats (Basten & Beeson, 1970). In addition single injections 

of methotrexate only inhibited the development of the eosinophilia 

when given within 24 h of the injection of larvae (Boyer, Basten & 

Beeson, 1970). The initial reaction between larvae and tissues 

was therefore cf importance in the induction of increased eosinophil 

production. This chapter describes experiments which were done to 

determine the nature of this phase of the response.

The inflammatory reaction induced by Trichinella spiralis larvae

The histological events which occur when larvae come in contact 

with tissues, were studied in several sites.
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Lung. Dr Walter Sheldon of the Johns Hopkins University, 

cut and stained many of the lung specimens, and part of this report 

is based on his findings (Boyer, Spry, Beeson & Sheldon, 1970).

In uninjected rats there was some lymphoid bronchiectasis. A 

few eosinophils were seen in perivascular sites. Occasional 

eosinophils were found in alveolar septae. In rats injected 

intravenously with Trichinella spiralis larvae, the following changes 

were found in the lungs (Figure 5.1).

One hour after injection, many larvae were found in precapillary 

vessels, and some neutrophils were present on the surface of the 

larvae. Tissue mast cell numbers were decreased, (Figure 5.1 (a)).

At 2 h, the neutrophil response was increased and predominated, 

with more eosinophils present than at one hour. Some mast cells had 

discharged granules.

At 4 h, a further increase in the inflammatory response was 

present. Mast cells were greatly reduced.

At 6 h, mononuclear ceils were present in increasing numbers 

around the larvae. There were more eosinophils but mononuclear 

cells were more numerous than granulocytes. Granulated mast cells 

were present in normal amounts.
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Figure 5.1. Rat lung after intravenous injections of 

Trichinella spiralis larvae. G4£msa stain.

(a) 45 min after injection. The inflammatory reaction around the 

larva had begun. There was haemorrhage into the lung around 

the larva, and most of the cells in the neighbourhood were 

blood cells, mononuclear cells and neutrophils. About x 200.

(b) 12 h after injection. A pallisade of mononuclear cells enclosed 

the larva. Eosinophils were present in increased numbers in the 

lesion, but there were few neutrophils. There were some signs 

of degeneration in the larval cuticle. About x 200

(c) 24 h after injection. Therewere a considerable number of 

eosinophils around the periphery of the large granulomas. 

The larvae showed some degeneration. There was some giant 

cell formation. Some plasma cells were present, but there 

were few neutrophils. About x 100.

These photographs, and the slides from which they were taken, were 

made by Dr Sheldon.
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At 12 h, compact granulomatous areas were beginning to form. 

They consisted mainly of large mononuclear cells with eosinophils. 

Some of the eosinophils showed nuclear degenerations. Some free 

eosinophil granules were present (Figure 5.1 (b)).

At 18 h, the integuments of the larvae were becoming acidophilic. 

Definite granuloma formation was present with palisades of mononuclear 

cells around the larvae, and there was a thinner cuff of the 

eosinophils outside the mononuclear cells. Again some free eosinophil 

granules were seen. Occasionally, large aggregates of eosinophils 

were seen in perivascular regions, and eosinophils appeared to be 

migrating into the inflammatory sites from the blood. A striking 

feature of the 12 h and 18 h sections was the finding that there were 

more eosinophils in the lesion at these stages than neutrophils. 

This occurred despite a great preponderance of neutrophils in the 

circulating blood at this time.

At 24 h, the lesions showed destruction of the larvae, and giant 

cell formation was evident. Many eosinophils were present with 

occasional immunoblasts and plasma cells, but few neutrophils, 

(Figure 5.1 (c)).

At 48 h, the size of granulomas was maximal.

At 3 and 7 days, the size of granulomas was reduced. Mononuclear 

cells and eosinophils were present with some plasma cells, and there 

were many multinucleate giant cells. The lesions were almost

completely resolved at 15 days.
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Liver. Larvae injected intraportally induced lesions in which 

mononuclear cells and eosinophils also predominated, as in the lung 

lesions. The consistency of the liver tissue made it an easier site 

in which to assess the cellular reactions than lungs. The reactions 

were similar in both sites, but eosinophils were less numerous in 

liver than lung at comparable times after injection. Mononuclear cells, 

some neutrophils and plasma cells were found, followed by giant cells 

and granuloma formation as in the lung. The liver showed evidence 

of damage around each larva. As in the lungs, the paucity of 

neutrophils compared with their concentration in the blood was particularly 

noticeable. In the liver, larvae were destroyed within 3 days, 

but some small granulomas persisted for two weeks.

Muscle. The histology of larvae in muscle was not studied in 

detail as this has been reported on many occasions by others (Gould, 

1945) and electron micrographs of the capsule surrounding the encysted 

larvae have been reported recently by Bruce (1970). But it was 

important to compare the degree of eosinophil accumulation and the 

nature of the cells found around Trichinella soiralis larvae in muscle 

with liver and lung. Eight days after oral infection some small 

migratory larvae were found in thigh muscles. There was very little 

cellular infiltrate around the larvae, but destruction of adjacent
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muscle tissue was observed. At 18 days the larvae were larger and 

easier to find. There were well formed 'capsules' consisting of 

homogenous tissue containing nuclei with large nucleoli.

The inflammatory reaction was slight compared with that in lung 

or liver. V.ost of the mononuclear cells and eosinophils were 

scattered irregularly in the connective tissue of the muscle. 

Neutrophils were uncommon as had also been noted in lung and liver 

lesions.

Response to inert plastic spheres. The specificity of the 

reactions to larvae was studied by injecting intravenously 5 x 10 

inert plastic microspheres. The spheres had a mean diameter of 

11.3 n - 2.3, and when they were injected into Harwell rats they 

were found lodged in the lungs. Histologically only a very mild 

reaction was produced, in which neutrophils were present with 

mononuclear cells. The lungs did not contain additional eosinophils 

and no granuioma formation occurred. There was no alteration in 

the peripheral blood eosinophil counts for eleven days after injections 

of plastic beads. Thus mechanical blockage of pulmonary capillaries 

did not effect eosinophil production or localisation. Similar results 

showing little response to injection of plastic beads have been reported 

by Kellermeyer & Warren (1970).
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Survival of larvae after intravenous injection. When larvae 

were injected intravenously, only a very few survived. In the 

carcasses of 10 rats digested one month after giving 10,000 larvae 

intravenously, no larvae were found in 7. The 3 other carcasses 

contained 1, 9 and 12 living larvae.

Conclusions from histological findings. The early events 

which could be important in the initiation of eosinophil production, 

as shown in the histological studies, include mast cell degranulation 

at 1 - 4 hours, accumulation of mononuclear cells at 6 - 12 hours 

close to the larvae, and eosinophil arrival from 6-24 hours in 

areas around the mononuclear palissades. With these possibilities 

in mind, experiments were carried out to try to determine if any 

of these events were essential in the induction of eosinophil production,

Mast cell degranulation

Mast cell degranulation was a feature of the early response 

to larvae. Because of this and frequent reports that eosinophils are 

in some way associated with mast cells and histamine, (see Archer, R.K., 

1963; Fernex, 1968) it was important to consider whether mast cell 

degranulation itself could initiate eosinophil production.
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Figure 5.2. Mean blood eosinophil counts in 6 PVG/C rats given 

daily injections of 10 |ig Compound 48/80 and then injected 

intravenously with larvae (dotted line). The mean response 

of 6 PVG/C rats given daily injections of 1 ml saline, 

followed by an intravenous injection of larvae was compared 

(solid lines). There was no eosinophilia in response to 

injections of Compound 48/80, and the blood eosinophil 

response to larvae was unaffected.
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Ten (ig of compound 48/80 (Wellcome) which is known to be a 

powerful tissue histamine liberator from mast cells in vitro (Paton, 

1958; Horsfieid, 1965) and from lung in vivo (Feldberg & Talesnik, 

1953) was injected daily into PVG/C rats. The lethal dose for a 

rat was 100 |ig. Repeated injections of compound 48/80 did not

induce an eosinophilia. Moreover there was no difference in the
<*

peripheral blood eosinophil response to larvae, whether animals 

had been pre-treated with 48/80 or saline. This did not support the 

hypothesis that mast cell degranulation is an essential step in 

eosinophil production (Figure 5.2).

Mononuclear cell accumulation around larvae

Several experiments suggested that the interaction of larvae 

with macrophages, which was such a prominent feature of the histology 

of larvae in the lung and liver, inhibited the induction of eosinophil 

production. When larvae were injected intraperitoneally, many 

mononuclear cells were found to be adherent to the larvae when they 

were removed from the peritoneal cavity at 24 h. No eosinophilia 

occurred unless 3 times the usual quantities of larvae were given 

intraperitoneaily. In other experiments it was found that when 

larvae coated with peritoneal cells were injected intravenously, a 

smaller eosinophil occurred than when normal larvae were used.
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Twenty-four hours after injecting larvae into the lung, some 

cells which looked like lymphocytes or immunoblasts were seen. 

For this reason, and because of the known affect of larvae on 

lymphocytes in lymph nodes (p. 108), experiments were done to study 

lymphocyte responses to larvae. In vitro, thoracic duct lymphocytes, 

unlike peritoneal macrophages, did not accumulate around larvae.
t>

Nor did thoracic duct lymphocytes adhere to larvae in culture media 

containing antilarval antibodies under conditions in which peritoneal 

cells and blood leucocytes attached firmly within a few minutes. 

In vivo, injected thoracic duct lymphocytes labelled with tritiated 

nucleic acid precursors did not migrate into the mononuclear 

accumulations around larvae (p.123).

Eosinophil accumulation around larvae.

It was considered possible that eosinophil accumulation in 

inflammed tissues may initiate the stimulus to eosinophil production. 

In support of this suggestion was the finding that there was a great 

reduction in eosinophil accumulation around larvae in the lungs when 

eosinophil production had been inhibited with a single injection of 

prednisolone. However, when stimulated rats were given Corynae- 

bacterium anaerobium intravenously, although the blood eosinophilia
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was inhibited, there was only slight diminution in eosinophil 

accumulation in lung lesions (Boyer, 1970). For this reason 

it was felt that eosinophil accumulation around larvae would not 

by itself initiate eosinophil production. Moreover homogenised 

lung tissue which had contained larvae fpr 24 h when given 

intraperitoneally to normal rats, did not induce an eosinophilia 

2-10 days later.

Lymph nodes draining sites containing larvae

As there was no evidence that the stimulus for eosinophil 

production was derived from the cells which were involved in the 

inflammatory reaction in immediate contact with larvae, and as 

eosinophil production was initiated by large pyroninophilic lymphocytes 

found in the thoracic duct lymph and blood (Hasten & Beeson, 1970), 

attention was directed to the lymph nodes draining sites in which 

larvae lodged.

The lymphcid tissue in the wall of the upper small intestine 

and draining lymph nodes in the mesentery were studied in 2 rats 

given oral trichinosis three days before,and 4 normal rats. The 

rats were given 3H-thymidine 1 M-Ci/g intravenously 1 h before sacrifice, 

The mesenteric lymph nodes of the infected rats contained large numbers
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of labelled large pyroninophilic lymphocytes in the cortical, 

paracortical and medullary regions. Some of the follicles also 

contained labelled large pyroninophilic cells.

In the infected rats few labelled pyroninophilic cells were 

found in the duodenal and jejunal villi, and there were only 

occasional lymphoid aggregates in the bowel wall unlike normal rats. 

This showed that large pyroninophilic lymphocytes, some of which are 

involved in eosinophil production, probably originate in the draining 

lymph nodes of the intestine.

A-similar stimulation of lymphocytes in draining lymph nodes 

may occur when larvae lodge in the lungs. Unfortunately normal rats 

had a mild lymphoid bronchiectasis and the neck nodes were full of 

actively dividing large pyroninophilic lymphocytes. This meant 

that the effect of larvae on draining lymph nodes of the lung could 

not be studied.

Conclusions

This Chapter has described invetigations concerned with the 

tissue reactions responsible for the induction of eosinophils production, 

Eosinophil accumulation occurred rapidly in the sites of acute 

inflammation, but the mechanism for this response is not known. The
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results of several experiments did not favour the possibility that 

local events in the sites of contact between parasites and tissues 

initiated eosinophils production. The important process appeared 

to be stimulation of draining lymph nodes.
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CHAPTER 6

LYMPHOCYTES IN TRICHINOSIS

Introduction.

Basten & Eeeson (1970) found that when living large pyroninophilic 

lymphocytes from the thoracic duct of rats with oral trichinosis 

were injected into normal syngeneic rats, an increase in eosinophil 

production occurred, as shown by an eosinophilia 2-6 days after 

transfer. There were several possible mechanisms for the induction 

of increased eosinophil production in the recipients. The lymphocytes 

could have localised in sites at a distance from marrow or they could 

have lodged in bone marrow, and initiated eosinopoiesis by short range 

processes. In the second case it should be possible to find these 

lymphocytes in bone marrow at an early stage after transfer.

With these possibilities in mind, experiments were done to 

determine the fate of transferred labelled lymphocytes from the 

thoracic ducts of rats with oral trichinosis. All transfers were 

done between syrgeneic rats. The fate of the lymphocytes was assessed
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initially using tritium labelled large lymphocytes and autoradiography,
51 

and later by using Chromium labelled lymphocytes and whole tissue

"V irradiation counting. 

Distribution of labelled large lymphocytes in normal rats.

Eight normal rats were killed 3, 12, 21, 22, 40, 46, 48 and 72 h 

after transfer of labelled large lymphocytes from the thoracic duct 

of rats given oral trichinosis. Table 6.la lists the characteristics 

of the lymphocytes given to the 8 normal rats and Table 6.1b shows the 

tissues in which they were found.

Labelled lymphocytes in bone marrow. Some labelled lymphocytes

were always found in bone marrow. The largest number were noted in

7 tissue taken 21 h after transferring 6 x 10 labelled large lymphocytes

In this recipient rat the labelled cells appeared to be randomly 

distributed, but the technique of preparing bone marrow slides 

had disaggregated cell groups. Forty-two labelled lymphocytes had a 

hundred close neighbours: 64 were mononuclear cells, 31 neutrophi.s 

and 5 eosinophils. These cells were found in similar proportions 

over other parts of the same slides. Thus the labelled lymphocytes 

appeared to have no spatial relationship to eosinophils or other ceil 

types.
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The number of labelled large lymphocytes transferred 

to 8 normal recipients and the time after transfer 

when recipients were killed is shown.
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Femoral Small intestine Colon Spleen Mesen-
marrow ,—————A______. teric

Upper lower node
i i

2

No of labelled cells in
_______\_________r . i i i- ^*».^—— . -__ m. -- —— —

300 blood 3 sections
mononuclear of

cells thymus

•HH- + -H- 0 0

10

+++ -H-+

-H-

++

+

0

2

0

0

0

0

12

0

1

1

0 - no labelled cells seen; -I- = labelled cells found with difficulty 
-H- = labelled cells found easily; +++ - several labelled cells in many 
high power 'fields.

Table 6.1b. The distribution of labelled large lymphocytes in syngeneic

rats, 3 to 72 h after transfer

Most of the lymphocytes were found in the small intestine and lymph nodes,

but some were found in bone marrow.
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Figure 6.1. The diameter of large labelled thoracic duct

lymphocytes and their progeny in bone marrow. Twenty- 

one and 22 h after transfer the labelled lymphocytes 

became the sane size as small lymphocytes and at 48 h 

those still remaining in the bone marrow were plasma 

cells. The rrjnxer of cells studied are in brackets.
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The labelled lymphocytes were found to change in size and 

morphology after transfer. Most had become small lymphocytes by 

24 h. By 48 h the labelled lymphocytes in bone marrow had become 

larger than at 24 h, and had more cytoplasm. They had the appearances 

of plasma cells. The sizes of the labelled cells at these times are 

shown in Figure 6.1.

Labelled lymphocytes in peripheral blood. Only 2 labelled 

cells were found among 2,100 blood mononuclear cells studied at 

intervals after transfer of labelled large lymphocytes. Both were 

small mononuclear cells. Thus there appeared to be little circulation 

of labelled lymphocytes or their progeny through the blood stream, 

after intravenous injection.

Labelled lymphocytes in lung. Following intravenous injection, 

no clumps of labelled lymphocytes were found lodged in the lung. 

Labelled lymphocytes were,however, found outside the vascular system of the 

lung within three hours of injection, in lymphoid aggregates around 

medium sized bronchi. Only a few labelled lymphocytes were found in 

lung parenchyma, so this was clearly not a major site for the cells 

to settle.
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Labelled lymphocytes in intestine. Large numbers of the injected 

labelled large lymphocytes settled in the small intestine, as 

described by Gowans (1962), Gowans & Knight (1964) and Hall & Smith (1970), 

in the intestinal villi, in the tissue normally rich in mononuclear cells, 

plasma cells and eosinophils. Later they were distributed along the 

whole length of the villi in the lamina propria. They were not 

clumped together, and morphologically they were indistinguishable from 

the other mononuclear cells found there. The jejunum and ileum 

contained equal numbers of labelled cells, but the colon had distinctly 

less. In the colon the labelled cells were rarely found in the villi, 

most being in the basal regions.

Using the haematoxylin and Biebrich scarlet technique, it was 

not uncommon to find labelled cells in apparent contact with eosinophils. 

Twenty-one hours after injecting labelled large lymphocytes, 40 of 

342 labelled large lymphocytes (12%) in the jejunum were adjacent 

to eosinophils. It was difficult to tell whether this relationship 

was specific as both cell types were relatively common in the villi. 

If the spatial relationship between eosinophils and labelled lymphocytes 

was not due to change this might reflect some shared role for these 

two cells.
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Occasionally, labelled cells appeared to be in the mucosal 

epithelial cells. The presence of lymphocytes in mucosal cells 

has been reported in biopsies of human intestine (Shields, Touchon & 

Dickson, 1969). It is not known if lymphocytes migrate into the 

lumen of the intestine. None were found in the lumen of the gut in 

the sections studied here.

Labelled cells were common around the edges of lymphoid aggregates 

in the bowel wall, especially at 24 hours, but more labelled cells were 

found in the villi than in the lymphoid aggregates.

At no stage was label found in eosinophils. Thus there was 

no evidence for the view that eosinophils are formed from lymphocytes 

in the intestine .

Labelled cells in spleen. Labelled cells were found in splenic 

tissue at all times after injection, they were commonest in the loose 

connective tissue of the spleen, under the splenic capsule. They 

did not exhibit any spatial relationship to groups of eosinophils which 

were found in all the spleens studied. At 21 hours,22 of 100 labelled 

cells had become small in size and were in pairs. This was evidence 

that division of large labelled lymphocytes occurred in the spleen.



120.

Labelled cells in the mesenteric lymph nodes. In the first 24 h 

after injection, labelled cells were found in large numbers in the 

mesenteric lymph nodes, initially clustered around the post-capillary 

venules and in the looser connective tissue in the marginal sinuses, 

later spread throughout the lymphoid tissue. They were never found

in lymphoid follicles. At 21 h, 14 of 100 labelled cells were small»
lymphocytes in pairs, as was found in the spleen. It was not possible 

to interpret grain counts over these cells, but the impression was 

reached that these cells in pairs had fewer grains than cells examined 

at earlier times which would support the suggestion that they had 

divided in the nodes. No labelled cells were seen in mitosis in 

these sites however. At 3 days all the labelled cells in the 

mesenteric lymph nodes were small, 5 - 8 |i in diameter.

Labelled cells in thymus. Some labelled lymphocytes were found 

in thymic tissue 12 and 21 h after injection. In sections of pancreas, 

which were used as a control, only one labelled cell was seen at 

any time. It thus seemed that slightly more labelled large 

lymphocytes migrated into the thymus than could be accounted for by 

non-specific effects.
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The later fate of transferred labelled large lymphocytes.

An experiment was done to study the long term fate of labelled
7 

large lymphocytes. 4.0 x 10 labelled large thoracic duct lymphoctyes

from each of two rats with oral trichinosis were transferred to 

2 normal rats. The second rats were left for 9 days and then given 

oral trichinosis and labelled cells were looked for in thoracic duct 

lymph and other tissues four days later.

Autoradiographs of the second rats' thoracic duct lymph showed 

that all of 50 labelled cells found were small lymphocytes. In 2 

spleen sections only 6 labelled cells were found, and five of these were 

large and pyroninophilic. In 3 sections of jejunum, only 9 labelled 

cells were seen and 3 of these were large pyroninophilic lymphocytes.

This experiment suggested that the majority of large pyroninophilic 

lymphocytes in the thoracic duct lymph of rats with oral trichinosis 

are short lived or continue to divide repeatedly until their label 

has disappeared, as very few labelled cells were found in recipient rats 

13 days after transfer. Fifty-eight of the 65 labelled cells found 

were small lymphocytes, and the majority of these cells were in the 

recirculating pool of small lymphocytes. .These recirculating small
ii

lymphocytes may contain 'memory 1 to the antigen challenge with larvae 

(Gowans & Uhr, 1966).
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Lymphocytes in inoculum Recipient rats
r v/ 
Cannulation Total % viable Label used T ime

\ 
Time

after NO *Q large Lymphocytes Rats 
infection x 10 injected Killed 

(days)

4 6

3.5 4 

3.5 5

3.5 6

Normal 4

Normal 6

Trichinella

.5 25

.2 7

.0 10

.2 Not done

+ 1.
Tritiated

+ 45 
Thymidine 

- 3

- 3
•x

.2 0** Tritiated + 1.
>

.2 0 '•• Adenosine - 3

5 hours +

min + 

min +

min +

5 hours +

min +

spiralis larvae were injected into recipient

4 hours

3 hours 

3 hours

3-g- hours

6 hours

3 hours

rats at
time.

The large lymphocytes were killed by incubation for 12 hours in an 
unfavourable medium, (p. 43).

Table 6.2. The characteristics of labelled large or small lymphocytes 

injected into recipient rats which were also given larvae

intravenously.
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Distribution of labelled large and small thoracic duct lymphocytes 

in rats given Trichinella spiralis larvae intravenously.

Many mononuclear cells appeared in the inflammatory reaction 

in lung produced by injecting larvae intravenously (p. 93 ). To 

test the possibility that some of these mononuclear cells were 

lymphocytes, rats were injected intravenously with labelled large 

or small thoracic duct lymphocytes at various times before or after 

the injection of larvae. Autoradiographs of tissue were studied to 

see if labelled lymphocytes appeared in the inflammatory sites.

Four rats received 3H-thymidine labelled large lymphocytes, 

and 2 other rats were injected with 3H-adenosine labelled small lymphocytes 

There were very few labelled large lymphocytes in the inocula of 

labelled small lymphocytes as virtually all the large lymphocytes 

had been killed previously by incubation for 12 h in an unfavourable 

environment (see p. 43). The sizes of the Inocula and the times 

injected are shown in Table 6.2.

Sites of inflammation in lung. Sections of lung showed no 

labelled lymphocytes at any time in the inflammatory reactions. A 

few labelled cells were seen in other parts of the lung unrelated to 

the larvae. This experiment provided no evidence that signficant 

numbers of mononuciear cells in the inflammatory reactions in lung 

caused by larvae are lymphocytes.
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Percentage transferred radioactivity 
in recipient rats (mean * S.D.)

Donor: 

Recipient:

Tissue in recipient

Liver

Spleen

Mesenteric node

Neck nodes

Ileum

Jejunum

Blood

Colon, caecum

Heart, lungs

I Femur

Thymus

Diaphragm

Trichinosis Trichinosis

Normal Trichinosis

Normal

Normal

19.5 ± 2.0 19.3 ± 1.3 17.0 ± 1.2

'14.1 t 0.4 

3.9 - 0.2 

2.4 ± o.5 

3.0 - 0.7 

2.3 ± 0.9 

0-9 - 0.04 

3.2 t 0.3 

2.9 - 0.2 

0.4 t 0.1 

0.2 ± 0.1 

0.3 ± 0.3

14.5 i 1.1 

5.2 t o.7 

2.0 - 0.2 

3.4 ± 0.4 

3.3 ± 1.1 

0.9 - 0.04 

2.4 ± 0.2 

2.7 ^ o.2 

0.4 - 0.03 

0.2 ± 0.1 

0.2 ^ 0.2

17.7 i 0.7

7.0 i 0.7

5.1 - 0.1

3.7 t 0.8

3.5 - 0.4

3.3 - 0.2

2.2 t 0.4 

2.2 - 0.2

0.2 - 0.1

0.2 i 0.2

0.2 i 0.1

51 Table 6.3. The percentage injected Chromium labelled thoracic duct

lymphocytes found in several tissues and organs of rats 22 h after 

the lymphocytes were injected intravenously.

Less than 0.5% of the radioactivity was found in each femur.
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Other tissues. 3H-Thymidine labelled large lymphocytes 

were found in the jejunum, ilium, abdominal lymph nodes and bone 

marrow as described in the last section. Labelled small lymphocytes 

were also distributed in lymphoid areas and intestine in the same 

areas as labelled large lymphocytes had been found.

51 Distribution of Chromium labelled lymphocytes.

As tissue autoradiography allowed only approximate estimates of

the distribution of lymphocytes in recipient rats to be made,

51Cr labelled lymphocytes were used to provide quantitative measurements-
7 51Two x 10 Cr labelled normal thoracic duct lymphocytes werei

injected into 3 normal syngeneic recipients which were killed 22 h

51 later and the % of the injected Cr in each tissue was counted.
•y

Two x 10 lymphocytes, 29% of which were large pyroninophilic cells were

obtained from the thoracic ducts of rats orally infected with larvae 4

51 days before. The lymphocytes were labelled with Cr and injected

intravenously into 3 normal syngeneic rats, and 3 syngeneic rats with 

oral trichinosis induced 4 days previously. The distribution of 

radioactivity 22 h later is shown in Table 6.3.

These experiments showed that the femur was not a preferred 

site for emigration of thoracic duct lymphocytes from the blood, but
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slightly more radioactivity was found in the marrow when inocula 

contained*29% large pyroninophilic lymphocytes were injected. 

The distribution oflabelled thoracic duct lymphocytes was not 

affected by the presence of the inflammatory response to Trichinella 

spiralis larvae in the intestine. These findings in relation to 

eosinopoiesis and eosinophil accumulation, are discussed in the next 

Chapter.
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CHAPTER 7

GENERAL DISCUSSION

Introduction

In the previous chapters experiments have been described 

which set out to study eosinophils from several points of view, 

using techniques which have proved valuable in investigations of 

mechanisms of cell production, kinetics of cells in vivo, and 

responses to immunological stimuli.

The experiments showed that in rats given intravenous Trichinella 

spiralis larvae, there was a marked proliferation of eosinophils in 

bone marrow, followed by a peripheral blood eosinophilia. It was 

possible to study the response in the marrow by making autoradiograchs 

of Cytocentrif-jge preparations which were stained with haematoxyiin 

and Biebrich scarlet. The kinetics of blood eosinophils during the 

eosinophilia were also studied, and attempts were made to find out 

how large pyroninophilic lymphocytes initiated eosinopoiesis. This 

Chapter discusses these findings and attempts to relate them together.
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Eosinophils type A

Eosinophils type C

Eosinophils type B

Blood eosinophils

Figure 7.1. Types of eosinophils in rat bone marrow. The

most primitive eosinopr.iis (type A) have no central nuclear 

hole, which is acquired when the cell is more mature. 

Eosinophils type A also have a basophilic cytoplasm and 

less granules than mature cells. Eosinophil size did 

not correlate with maturity. Eosinophils type C did not 

divide and appeared identical to blood eosinophils.
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The kinetics of eosinophil production

Eosinophils in bone marrow. There have been several suggestions 

about the types of eosinophils in rat marrow (Endicott & Ott, 1945; 

Hulse, 1964; Alexander, Monet, LoBue & Gordon, 1969). Here 3 types 

of eosinophils were defined, which were classified by morphological 

criteria as eosinophils type A, B and C (Figure 7.1).

Eosinophils types A and B were in the proliferating compartment 

as they were pulse-labelled by 3H-thymidine. Eosinophils type B 

were morphologically closely related to type C and contained more 

eosinophil granules than type A. Sequential studies of the labelling 

of eosinophils types A and B in normal rats showed that labelled 

eosinophils type B were still being produced when the number of 

labelled eosinophils type A was declining. When considered together, 

these findings made it probable that the development sequence was 

eosinophil type A to B to C. Similar conclusions were reached by 

Sin & Sainte-Marie (1965) who studied eosinophil development in 

granulocyte 'islands' in rat thymus, using morphological criteria

only.

Alexander, Monette, LoBue & Gordon (1969) were unable to classify

the smallest marrow eosinophils, as they were not labelled 1 h after 

injections of 3H-thyroidine. The problem was clarified by making
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measurements of the diameter of dividing eosinophils, when it was 

found that the smallest eosinophils had just divided, and so were 

in G-, when DNA synthesis is not taking place. Cronkite (1969) has 

found that in man also, neutrophil size is smallest immediately after 

cell division, and mature neutrophils are not smaller than immature 

neutrophils.

Eosinophils in marrow and spleen. Differential counts of 

eosinophils in bone marrow of normal rats showed that the compartment 

of eosinophils type C was small relative to types A and B. This 

may be a peculiarity of the rat, as in other animals, such as the 

guinea pig, as many as 15% of marrow eosinophils are band and 

segmented forms (Hudson, 1968). Many reports on eosinophils in 

rat spleen have suggested that eosinophils are produced there 

(e.g. Rytflmaa, 1960), and Foot (1965) found that 14% of splenic 

eosinophils were labelled 12 h after starting a continuous infusion 

of 3H-thymidine, 2 days before eosinophils were found to be labelled 

in other sites outside the marrow.

But in the present study no dividing eosinophils were found in 

the spleen and no splenic eosinophils were found to be labelled 1 h 

after injection of 3H-thymidine. But 15% of the splenic eosinophils



131.

were labelled 40 h after a single injection of 3H-thymidine, before 

labelled eosinophils appeared in the blood. This meant that 

eosinophils type C must have left the marrow after they were formed, 

and matured in the spleen before they became circulating eosinophils. 

A similar phenomenon has been described in man, in whom platelets 

also mature in the spleen (Shulmann, Watkins, Itscoitz & Students, 1968)

Diurnal variations in eosinophil count. There was a diurnal 

variation in eosinophil counts which were usually highest in the 

morning and lowest at night (see Figure 4.2 and Hasten, 1970). . This 

may be due to a steroid effect on circulating eosinophil half-life 

or there may be a diurnal variation in the number of newly formed 

eosinophils released into the blood. Support for the second 

possibility was derived from experiments in stimulated rats given 

single injections of 3H-thymidine. There was found to be an interval 

of 24 hours between the first appearance of labelled eosinophils 

in the blood and the appearance of a second cohort of labelled cells 

(Figure 4.4.). A 24 hour cyclical emergence of labelled eosinophils 

into the blood of normal rats after single injections of 3H-thymidine 

has been reported also by Anderson & Bro-Rasmussen (1968).
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Mechanisms of increased eosinophil production.

Theoretically, increased production of bone marrow eosinophils 

could come about by a number of mechanisms.

1. Increased numbers of eosinophils produced.

(a) Increased stem cell entry into eosinophil production

(b) Increased number of cell divisions in the dividing 

compartment.

(c) Stimulation of eosinophils in GQ to enter the dividing 

compartment.

2. Decreased 'ineffective 1 production of eosinophils.

3. 'Transformation 1 of other cells into eosinophils.

The evidence produced here showed that increased eosinophil 

production took place by increased numbers of divisions taking placa 

in the compartment of dividing eosinophils in the marrow. Some of 

the other possible mechanisms were excluded on a number of grounds. 

Abnormal eosinophils were studied in the bone marrow in view of the 

suggestion that increased granulocyte production might occur by a 

decrease in ineffective production as has been invoked for increased 

human neutrophil production by Patt & Maloney (1963-4). Abnormal 

eosinophils were more frequent in stimulated rats, but the number was 

very small. There was no sign that eosinophils were being destroyed 

in any marrow preparations, except when the cells were morphologically 

abnormal.
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Despite the fact that bone marrow stem cells are morphologically 

similar to lymphoid cells (Wu, Till, Siminovitch & McCullock, 1968; 

Miller, 1969; Haskill & Moore, 1970), there was no evidence that 

lymphocytes transformed into eosinophils in experiments in which 

labelled thoracic duct lymphocytes of various kinds were transferred 

sinto recipient rats.

Comparisons with erythrocyte and neutrophil^ production. As 

erythrocyte and neutrophil production have been extensively studied, 

it is important to compare the mechanisms proposed here for the 

regulation of eosinophil production, with those known to be involved 

in erythropoiesis, and neutrophil production.

Increased eosinophil production might come about by a mechanism 

which is known to be involved in erythrocyte production: by alteration 

in the flow of stem cells into the proliferative compartment, 

(Lajtha, 1963; 1967; Quastler, 1963; Morse, Rencricca & Stohlman, 1970) 

For each additional cell introduced at this early stage, 2n additional 

cells would be produced where n is the number of divisions the cell 

undergoes. An additional regulatory process involves a committed 

cell, the 'erythropoietin sensitive cell 1 (Bruce & McCulloch, 1964). 

In chronic anaemia in rats induced by phenylhydrazine, flow from the 

unrecognisable to the recognisable erythroid dividing compartment is
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increased by a factor of about 4 (Tarbutt, 1969). However, the 

rate and extent of erythrocyte production is also altered during 

acute and chronic anaemia by a second mechanism involving an increase 

in the number of divisions in the proliferative compartment, combined 

with a shortening of cell cycle times (Hanna, 1968; Hanna, Tarbutt & 

Lamerton, 1969; Tarbutt, 1969).
£>

Less is known about the kinetics of neutrophil production, which 

has been studied principally in man and dogs (Cronkite & Vincent, 1969). 

Kinetic studies of neutrophil production in infections have not been 

done until recently. In four patients with acute infections the 

myelocyte to blood transit times, and the cell cycle times were not 

altered, (Bishop & Athens, 1970) but this work has yet to be confirmed, 

and studies need to be done on stimulated bone marrow itself, before 

a complete picture can emerge of the mechanisms for increased neutrophil 

production.

Slow cyclical variations in blood levels of neutrophils in man 

have been described, and considered to be due to feed-back control 

of neutrophil production by levels of neutrophils outside the marrow 

(Morley & Stohlman, 1970). This slow control may regulate the flow 

of stem cells into the proliferative pool. It would 

be difficult to demonstrate this phenomenon in the case of the 

eosinophil in S.P.F. rats, in view of their small number, but if it 

occurs, the periodicity would be about 7 days.
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The results of the kinetic study of eosinophil production in 

rats described in this thesis showed that the mechanisms by which 

rapid increases in eosinophil production occur, have many similarities 

with the response of erythrocyte precursors to acute demand. Increased 

eosinophil production was associated with an increased number of 

divisions in the dividing compartment with shorter cell cycle times. 

The rate of stem cell entry was not measured, but it may not have 

changed in the rats in which increased production was of only short 

duration. However it is possible that the very high eosinophilia 

found in occasional rats ten days after stimulation was due to an 

increase in the rate of stem cell entry.

Regulation of eosinophil cell cycle times. The cell cycle 

times of rat eosinophils can be compared with other cell types (Baserga, 

1968). In rapidly dividing tissues, such as rat erythroid precursors 

and intestinal mucosa, T is about 8 - 11 h and T is about 6 - 8 h,
v_» o

and on stimulation T^ and Tc are shortened. When eosinophil
G]^ ^

precursors were stimulated, T was reduced from a median of 9 h to

0.7 h and T from 18.5 h to 7.3 h. T altered from 2.8 h to 1.9 h. 
S

The change in eosinophil T was intermediate in extent between theGl
changes found in continual renewal systems, such as the rat erythroid 

series, and conditional renewal systems, such as the liver or kidney,
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where proliferation is normally very slow but may become rapid 

when stimulated (Lamerton, 1969).

The mechanism of control of the rate of cell division is not 

known, but may involve stimulation of cells in Gi. On stimulation 

the,se cells enter an activated state of G in which there is 

considerable biochemical activity (Baserga, 1968). One site of 

action of the eosinophil stimulus may be on eosinophil precursors 

in GI. The concept that precursor cells may be in a resting state 

(GQ ) has been applied to stem cells (Lajtha, Gilbert, Porte' 

Alexanian, 1963-4). As eosinophil stem cells have not been studied, 

it is not known whether eosinophil precursors also have a G Q state.

The delay between stimulus and response. There was a delay of 

23 h after injection of larvae before the percentage of bone marrow 

eosinophil began to rise. This delay may be because several events 

need to take place in sequence: lodgement of larvae in the lungs, 

contact with tissues, and production and distribution of one or more 

stimuli. If the stimulus to increased production was produced when 

lymphocytes became sensitized, the autoradiographic study would suggest 
that several hours delay could be explained by the time necessary for 

lymphocytes to travel to tissues and divide.
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Figure 7.2. Prpcsed pathway for eosinophil production in

normal rats. Doubling divisions of eosinophil precursors 

are shown to take place in the marrow, from non-fenestrated 

to fenestrated forms, which then mature in the spleen 

before entering the blood and emerging into the tissues.
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In many other tissues, including the rat kidney (Saetren, 1970), 

there is a delay between stimulation and response of about 18-36 h 

(Baserga, 1968; Lamerton, 1969). This may be due to the time 

interval needed for synthesis of enzymes necessary for S. In mouse 

skin where an inhibitor of epidermal cell proliferation has been 

described ('chalone') (iversen, 1969), the delay between stimulus 

and response is 3-4 h only. 'Chalones 1 have been postulated to be 

involved in the control of mouse granulocyte production (Rytflmaa 

& Kiviniemi, 1968), but recent experiments have shown that mouse 

granulocyte 'chalone 1 does not inhibit the development of mouse colony 

forming units in the spleen, or suppress the growth of granulocyte 

colonies in vitro (Lajtha, 1970).

The model of eosinophil production in bone marrow. The results 

of the kinetic study of eosinophil production in bone marrow were 

used to calculate several parameters involved in the generation of 

mature circulating eosinophils. When these calculations and the 

times for eosinophil emergence and transit in the blood are put 

together, a model of eosinophil production in normal rats can be 

produced, (Figure 7.2). A similar model of neutrophil production 

in man has been produced by Cronkite (1969). In the model presented 

here, 16 mature progeny are derived from each earliest recognisable
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eosinophil precursor. In stimulated rats, when eosinophils divide 

an additional 5-6 times, with shortening of cell cycle times to l/3rd 

normal, over a thousand progeny would be produced during the same period.

Lymphocytes and eosinopoiesis.

There has been a great deal of interest in the last few years on
e>

the cooperative role of lymphocytes in the induction of immunological 

processes (Miller & Mitchell, 1969; Davies, 1969). Some of the 

experiments done here can be seen in relation to this work. Experiments 

have been described which set out to study the way in which lymphocytes 

stimulate eosinophil production, as a continuation of the work of 

Hasten & Beeson (1970), who showed that large pyroninophilic lymphocytes 

from the thoracic ducts of rats with trichinosis induce a delayed 

eosinophilia in normal syngeneic rats. These lymphocytes were found 

to localise in tissues and divide into small lymphocytes, or become 

plasma cells. The distribution was not different from that found 

for large pyroninophilic lymphocytes from uninfected rats as previously 

described by Gowans & Knight (1964). However a slightly higher 

proportion of lymphocytes from rats with trichinosis was found in bone 

marrow. This raised the possibility that lymphocyte:eosinophil 

contact might occur in this site.
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It is not known where cooperation between thymic processed 

and bone marrow derived lymphocytes takes place in the induction of 

antibody formation, but it has been suggested that this may occur 

in the spleen (daman & Chaperon, 1969). However, as there is a 

traffic of lymphocytes through bone marrow of rats (Bond, Feinendegan, 

Heinze 8, Cottier, 1963-4; Everett, Caffrey & Reike, 1963-4; Scott & 

Howard, 1970), it is possible that bone marrow may provide an important 

site for lymphocyte cooperation. The finding that lymphocytes which 

are involved in the initiation of eosinophil production can settle 

in bone marrow provides some evidence that cooperation between large 

pyroninophilic lymphocytes and eosinophil precursors may occur there, 

resulting in increased eosinophil production. This would mean that 

eosinophil production would provide some similarities with bone marrow 

derived lymphocyte activation. As most of the transferred lymphocytes 

settled in sites outside the bone marrow it would be necessary to 

postulate that there was a small sub-population of lymphocytes in the 

thoracic duct lymph which would localise in bone marrow and initiate 

eosinophil production. The experiments reported here have not settled 

this important question, or excluded the possibility that there are 

long range processes which initiate eosinophil production, but they do 

show that short range processes could occur. If this is the mechanism
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responsible for initiating increased eosinophil production, it would 

account for the consistent failure to find a stimulus in plasma 

(Hasten, 1970) .

There is evidence that soluble serum factors are involved in 

the control of granulocyte production (McCulloch, 1968). These 

factors influence the growth of colonies of granulocytes derived 

from mouse marrow cells cultured in vitro (Bradley & Metcalf, 1966). 

Colony stimulating factors, which may act as regulators of granulopoesis 

in vivo and inhibitors have been described (Chan & Metcalfe, 1970; 

Paran, Ichikawa & Sachs, 1969). However there is no evidence at 

present that there are any similar factors which regulate eosinophil 

production.

Lymph nodes showed a marked lymphocyte proliferation in response 

to stimulation with Trichinella spiralis larvae. The thymus dependant 

areas were involved (Waksman, Arnason & Jankovic, 1962; Parrott, de 

Sousa & East, 1966) and the medullary areas showed a marked lymphocytic 

proliferation. The importance of the thymic processed lymphocytes 

has been demonstrated by Walls, Hasten, Leuchars & Davies (1970) who 

found that in mice, initiation of eosinophil production requires the 

presence of an intact thymus.



142.

This adds weight to the suggestion that eosinophils in the 

bone marrow respond to stimulation by thymic processed lymphocytes, 

in much the same way as bone marrow derived lymphocytes cooperate 

with thymus processed lymphocytes in antibody production. If 

this proves to be the case, then this kinetic study of eosinophil 

production may provide an analagous process to the events which 

follow the interaction of two types of cooperating lymphocytes.

Regulation of circulating eosinophil numbers.

A number of experiments were done to study the factors regulating 

eosinophil concentration in the blood. 3H-thymidine labelling 

proved very suitable for following the flow of bone marrow cells 

from the time when they have finished dividing until they enter the 

tissue. It was found that single injection of 3H-thymidine in 

stimulated rats resulted in the labelling of 80% of blood eosinophils. 

There are several possible mechanisms for the high percentage labelling, 

including re-utilization of label but it seems most likely that 

where the ecsinophil half-life in the blood is less than the generation- 

time in the marrow, maximal percentage blood eosinophil labelling 

represents the ratio T_/Tr °^ the earliest bone marrow eosinophil
o v

precursors. This high proportion of labelled eosinophils has also 

been reported in normal rats (Anderson & Bro-Rasmussen, 1968) but these
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animals may not have been S.P.F. In the normal S.P.F. rats studied 

here, only 40% of the blood eosinophils were labelled by single 

injections of 3H-thymidine.

Eosinophil emergence time. In normal rats eosinophils first 

appeared in the blood about 40 h after injection of 3H-thymidine. 

Foot (1965) found T was 67 h in restrained PVG/C rats. But in 

unrestrained rats given single injections of 3H-thymidine, Bro-Rasmussen, 

Anderson & Henricksen (1967) showed that TE was 36 h in Leo rats, 

which agreed with the findings here. It was found that eosinophil 

TF was shortened to 17 h, 2 days after injection of larvae, but 

neutrophil emergence was not affected, which showed that the emergence 

times of the two types of granulocytes were regulated independently. 

The emergence times of neutrophils in rats with pyogenic infections 

have not been studied, but in man, Cronkite (1969) has shown that 

neutrophil T was reduced from 6 to 2 days in a patient with pneumonia.
£Li

Blenkinsopp (1966) reported that T was not altered in rats given 

a second injection of tetanus toxoid, but it was not known whether 

the second injection altered eosinophil counts or turnover. Cohen, K.S., 

LoBue & Gordon (1967) found no change in T when rats had repeated 

peritoneal lavage which removed many eosinophils, but as labelled 

eosinophils were found in tissues 12-16 h after the injections of 

3H-thymidine, eosinophil T£ must have been shortened.
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Hudson (1968) has described a "marrow reserve pool" of 

eosinophils in guinea pig bone marrow. By counting the content 

of eosinophils in single cell suspensions of bone marrow, he showed 

that a population of mature eosinophils disappeared from the marrow 

following the last of several injections of foreign proteins. In 

the present study rapid mobilisation of newly formed eosinophils 

was achieved by speeding up their passage through the maturation 

compartment, rather than by releasing a 'pool 1 of marrow eosinophils.

Eosinophil release. The studies on lung histology showed that 

eosinophils collect in the lung beginning six hours after injection 

of larvae. The blood eosinophil count was only slightly altered 

between 6 and 18 h, so that it was necessary to postulate that 

eosinophils were being mobilised into the cirulating blood from 

other sites. New eosinophil production did not take place fast 

enough to provide these additional cells. This phenomenon of 

recruitment of eosinophils between the time of injection of larvae 

and 24 h was termed eosinophil "release", on the assumption that 

it was due to the release of marginated or maturing eosinophils into 

the circulation.

A component of plasma, taken from rats 24 h after stimulation 

induced a doubling of blood eosinophil counts six hours after injection 

No similar activity was found in lung or damaged peritoneal eosinophils,
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There was no effect of this plasma on blood neutrophil counts.

Gordon, Handler, Siegel, Dornfest & LoBue (1963-4), list many 

factors which have been found to increase blood eosinophil levels. 

Bierman (1963-4) also describes substances in tissues ('leucopoeitin G 1 ) 

which have this effect. It is possible that they mobilise 

eosinophils through a common mechanism by activating a constituent of 

plasma. Clearly further experiments need to be done to clarify the 

mechanism of rapid 'release 1 of eosinophils.

Many papers have described studies on eosinophil accumulation 

in tissues 12-48 h after stimuli have been applied, and have contained 

deductions about the mechanisms of the response (e.g. Archer, R.K., 1963; 

Litt, 1963; Parish & Coombs, 1968; Speirs & Turner, 1969). However 

these authors have not differentiated between eosinophil production and 

eosinophil. release mechanisms. Although both eosinophil production and 

eosinophil release may be effected together, the mechanisms for each 

process are quite different, as has been stressed here. These two 

processes have not been confused in studies on neutrophils, as knowledge 

of neutrophil kinetics has been available for some time (see Cronkite, 

1969; Cronkite & Vincent, 1969; Athens, 1969).

Eosinophil half-life in blood. The half-life of eosinophils in 

normal S.P.F. rats was calculated from blood labelling curves and shown
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to be about 6 - 7 h. As stress reduces blood eosinophil levels 

(Blenkinsop & Blenkinsop, 1967) repeated blood sampling was not done 

at less than 12 h intervals, and in many of the experiments, each 

rat was only sampled once.

In rats injected with larvae 2 days previously, blood eosinophil 

half-life remained unchanged, even though many more eosinophils than 

normal were collected in the lungs. However a decreased half-life 

of intravascular cells does not necessarily occur while more cells than 

normal are being removed from the blood into the tissues, when the 

total number of cells available in the blood is greater than normal. 

In order to assess the significance of changes in eosinophil 

half-life in the blood one must also know the sizes of the intravascular 

and marginated pools at the time the half-life measurement is done. 

This problem has been discussed in relation to blood neutrophil kinetics 

in man by Cartwright, Athens, Haab, Raab, Boggs, & Wintrobe (1963-4). 

As yet no experiments have been done to measure the sizes of the pools 

of intravascular eosinophils in man or animals. But as eosinophil 

half-life in rat blood increased when the peripheral blood eosinophilia 

occurred, the sizes of both marginated and circulating pools of 

eosinophils must have increased.
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The rate of removal from the blood of the most heavily labelled 

cohort of eosinophils was exponential in both normal and stimulated 

rats. This provided direct evidence that eosinophil removal from 

the blood was a random event, not dependent on the length of time 

that eosinophils had been present in the blood which confirms the 

earlier work of Foot, (1963).

Similarly, neutrophil removal from the blood of rats takes 

place by a random process. This has been shown recently by Gerecke, 

Schultze & Maurer (1970) who gave continuous infusions of 3H-thymidine 

to rats and found some labelled neutrophils appeared in sputum when 

the first neutrophils were beginning to appear in the blood. By 

measuring the rate of increase of labelled blood neutrophils, they 

calculated that rat neutrophil T was 42 - 48 h and their half-life
£^

was 6.0 - 7.9 h when calculated from the rate of disappearance of labelled 

cells. These figures are very similar for blood eosinophils in rats 

described here.

Eosinophil accumulation in tissues

The reactions of rat lung to Trichinella soiralis larvae are 

somewhat similar to those produced when ova of Schistosomes or Ascaris 

are injected intravenously (von Lichtenberg, 1962). However, larvae
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induce a maximal inflammatory response at 24 h, and lesions resolve 

completely. Ova produce a slower, protracted inflammatory reaction. 

Eosinophils accumulate in the lesions around larvae at six hours but do 

not appear before 5 days when ova are present. Domingo & Warren 

(1967, 1968 a & b) have shown that the reaction to Schistosome ova 

is a delayed hypersensitivity response. These differences suggest that 

eosinophil accumulation around ova and larvae are probably notsirailar 

processes.

Mechanisms of eosinophil accumulation. The role of interactions 

between lymphocytes and macrophages in the local accumulation of 

eosinophils is being studied at the present time in our laboratory. 

However, transferred labelled lymphocytes were not found in the lesions 

in lung, and larvae coated with macrophages induced a smaller 

eosinophilia than normal. Lymphocytes are found only rarely in acute 

inflammatory lesions (Koster & McGregor, 1970), but David, Al-askari, 

Lawrence & Thomas (1964), Dumonde, Wolstencroft, Panay, Matthew, Morley 

& Howson, (1969) and .VacLennan & Harding (1970) have shown that small 

numbers of lymphocytes can affect a larger number of other cells in a 

variety of ways. Therefore, these experiments did not exclude the 

possibility that a small number of very active lymphocytes 

accumulated in the lesions and induced eosinophil accumulation.
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In intestine, 12% of transferred labelled large lymphocytes 

were found adjacent to eosinophils. This has not been reported 

previously, probably because methyl-green pyronin, which does not 

distinguish eosinophils from other cells, has been used. But with 

haematoxylin and Biebrich scarlet, a spatial relationship between 

labelled lymphocytes and eosinophils stood out clearly.

This relationship may have been because both large pyroninophilic 

lymphocytes and eosinophils are common in the lamina propria of the 

intestine. Alternatively the lymphocytes may have been secreting a 

substance which attracts eosinophils, similar to the 'leucotactic 1 

factor described by Ward, Remold & David (1969) but there is no evidence 

on this possibility. If this relationship is not fortuitous, eosinophils 

and large lymphocytes might share a common role in the small intestine. 

This suggestion needs to be studied further in view of the finding 

of Sundell (1958) that following an injection of corticosteroids, which 

are lympholytic, many eosinophils accumulate in the small intestine. 

Most lymphocytes in the intestines secrete IgA (Vaerman & Heremans, 1970) 

and in rabbits with trichinosis,there are many IgA containing lymphocytes 

in the intestine (Crandall, Cebra & Crandall, 1966). IgA is the main 

immunoglobulin of external secretions, and eosinophils are distributed 

in the tissues in contact with external surfaces so that it is possible
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to relate them together on these grounds, but experimentally, possible 

links between IgA and eosinophils remain unexplored.

The temptation to conclude this discussion with other hypotheses 

about the possible functions for eosinophils is easy to resist, mainly 

because very little is known about eosinophil functions in tissues 

where they are normally found. But it is hoped that further studies 

of the activities of eosinophils will be assisted by the work discussed 

here on eosinophil kinetics and the mechanisms by which eosinophil 

production and distribution are regulated.

Summary.

This chapter has discussed the mechanisms of eosinophil production 

and turnover in the marrow, spleen, and blood. Eosinophil production 

was shown to be analogous to the processes which are involved in 

erythrocyte and neutrophil production. The role of stimulated large 

pyroninophilic lymphocytes was discussed, and it was suggested that 

the evidence at present available on the mechanisms by which lymphocytes 

stimulate eosinophil production favour short range processes in the 

marrow itself. The numbers of eosinophils in blood is considered to 

be regulated by several distinct processes, which involve a plasma 

factor and a mechanism by which the emergence time of newly formed 

eosinophils is reduced.
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It is hoped that this quantitative study of eosinophil production 

will provide a basis for further work on the response and behaviour 

of eosinophils in normal and abnormal states. This may lead to the 

solution of the enigma which faces daily those who work on eosinophils - 

their function.
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APPENDIX

NEUTROPHIL PRODUCTION

Introduction

Many stimuli increase neutrophil synthesis in bone marrow. 

Despite this, there has been a consistant failure to explain how 

neutro.phil production in bone marrow is initiated, (Patt & Maloney, 

1963; Cronkite & Fliedner, 1964).

Lymphocytes and neutrophil production

As Hasten & Beeson (1970) had shown that lymphocytes would 

transfer an eosinophilic stimulus from rats with trichinosis to 

normal rats, it was decided to see whether lymphocytes in lymph 

draining an inflammatory reaction could transfer a neutrophil stimulus 

to normal rats.

The inflammatory lesion chosen was acute pyelonephritis induced 

after ureteric ligation by giving E. coli intravenously. A few 

days later thoracic duct lymphocytes were collected and transferred to
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normal recipient rats. The effect of the transferred lymphocytes 

on the recipients' blood neutrophils was followed with daily blood 

counts for three weeks.

Methods. Pyelonephritis was induced in 200 g male PVG/C 

syngeneic rats by the method of Guze & Beeson (1956). A strain of 

E. coli was derived from the urinary tract of a patient with acuife 

pyelonephritis. It was passaged twice through rats by inducing 

pyelonephritis and then stock cultures were made in broth and stored 

at -20°C. A fresh batch of the original culture was taken for each 

experiment to obviate variability of the organisms from experiment to 

experiment. Bacteria were counted in broth both by direct microscopy 

using a modified Neubauer counting chamber, and by colony counts 

made by spreading cut measured volumes of serial dilutions of the 

bacterial suspensions on blood agar plates. Between 0.5 to 9 x 10 

bacteria given intravenously induced pyelonephritis 24 h after a 

ureter had been ligated.

Rats were anaesthetised with ether and the hair over the abdomen 

was shaved. The skin was cleaned with ether, and using sterile 

instruments, but no other special precautions, the abdomen was opened 

through a right subcostal incision. Sterile 1" tape was used to pack 

the cavity exposing the lower pole of the right kidney and the ureter
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which ran along the medial side of the renal fat. The ureteric blood 

vessels acted as useful markers. A silk 4/0 suture was tied firmly 

around the ureter. Then the pack was removed and the abdomen was 

closed with two layers of silk sutures. Twenty-four hours later the 

rats were given about 7 x 10 E. coli in broth intravenously. During 

the next 4 days the blood neutrophil counts rose to about 20,000/mm^. 

The thoracic ducts were cannulated at various time intervals after 

injection of E. coli. The infected right kidney was not disturbed. 

Dulbecco A solution containing 20 units heparin/ml and 100 M-9 

streptomycin/ml was used as lymph collecting fluid. 10 ug/ml 

streptomycin was bactericidal in broth to the E. coli strain used. 

The donor rats were infused with saline, 2 units of heparin in 2 ml/h, 

but were not given antibiotics.

The lymphocytes were collected for 12 h periods and then washed 

twice in Parker 199 and after counting and taking smears for staining, 

the cells were injected into normal recipient rats. The recipient 

rats had blood neutrophil counts daily, beginning two days before the 

cells were transferred. Control experiments were done at the same 

time by injecting similar rats with other lymphocytes or other media. 

The time at which the thoracic duct lymph was collected from the donor 

animals was also varied. The number of lymphocytes injected and the 

types of solutions used for each experiment is shown in Table A.I.
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Figure A.I. Blood neutrophils/mm in rats given thoracic duct

lymphocytes from either normal syngeneic rats (lower graph) 

or syngeneic rats with acute pyelonephritis (upper graph). 

A small, but probably insignificant, increase in blood 

neutrophil counts occurred on the 12th day in rats given 

lymphocytes from rats with pyelonephritis.
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Results. The initial neutrophil counts - S.D. in recipient rats 

for 2 days before transfer of lymphocytes were 2,292 - 860 (96). Two 

of 6 rats given lymphocytes from rats with pyeloneophritis had
o

neutrophil counts which reached 6,360 and 7,429/mm on the 12th day 

after lymphocyte transfer. However 2 rats which received Parker 199
o

intravenously also developed blood neutrophil counts of 7,052/mm ,

on day 6 and 9,460/mm , on day 17, and one rat given normal lymphocytes

o
had 6,631/mm , on day 21, and one rat given lymphocytes from rats with 

one to 2 day old pyelonephritis had 6,210/mm , on day 20.

When graphs of the blood neutrophil counts in rats given lymphocytes 

from either normal rats or rats with 2-5 day pyelonephritis were 

drawn, a slight rise was found in the latter group at day 12, but 

this was considered to be insignificant, (Figure A.l). It was 

concluded that lymphocytes in thoracic duct lymph draining a 

pyelonephritic kidney did not induce neutrophil production on transfer 

to normal rats.

Granulocytes and neutrophil production.

When a stimulus for neutrophil production was not found in lymphocytes, 

other experiments were designed to see whether a stimulus could be 

found in granulocytes or plasma.
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Damaged cells are probably released into the blood from tissues 

when there is an inflammatory reaction, and an attempt was made to 

study this by making counts of the numbers of abnormal cells in 

thoracic duct lymph of rats with pyelonephritis.

In rats with pyelonephritis the volume of thoracic duct lymph 

and the total number of cells in the lymph were not significantly
t>

different from those present in normal rats. The lymph also 

contained normal numbers of large pyroninophilic lymphocytes. However, 

thoracic duct lymph of rats with pyelonephritis also contained cells 

not normally found there. These included pyknotic and damaged 

lymphocytes, neutrcphils and some eosinophils (Figure A.2).

Figure A.2. Seme cells found in thoracic duct lymph of a rat with 

pyelonephritis. The largest is a lymphocyte in mitosis. The 

smallest cells are small lymphocytes. The cell in the right 

lower corner is an eosinophil. Leishman's stain; x 900.



159.

5In 4 rats with 4 day old pyelonephritis a mean of 5 x 10

neutrophils/h and 6 x 10 eosinophils/h were released into the 

thoracic duct lymph. In all 4 animals the flow of granulocytes 

into the lymph was stopped almost completely after a continuous 

infusion of streptomycin was given .intravenously to the rats. The 

number of neutrophils returned to the blood in this way were very 

small compared to the total number in the blood. Over a 24 h period 

the number of neutrophils returning to the blood would only represent 

1% of the number of circulating neutrophils if the rat had 10,000 

neutrophiIs/mm .

The findings of granulocytes in thoracic duct lymph draining 

infected kidneys was not surprising. Menkin & Freund (1929) 

first described the presence of neutrophils in efferent lymph from 

lymph nodes draining infected skin. Smith & Wood (1949) confirmed 

also that neutrophils could be found in lymph node afferent lymph.

It was possible that neutrophil accumulation in tissues provided 

a stimulus for neutrophil synthesis. To test this possibility, large 

numbers of neutrophils from the blood of donor rats were injected into 

the skin of normal rats.

Four Harwell rats were given 1 mg endotoxin intravenously and 24 h 

later, after anticoagulating with 0.5 units of heparin/g, were bled out 

by the aorta. The blood contained 17,000 - 25,000 neutrophiIs/mm3 .
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White blood cells were separated by incubating for half an hour in 

a solution of Methocel (Dow Co., Midland, Michigan, U.S.A.) and 

Triosil 45 (Glaxo Laboratories Ltd., Greenford, Essex) as described by 

Hulliger & Blazkovec,(1967). After separation of the white cells 

from red cells, the white cells were washed twice in 10 ml of Eagles 1 

medium. One, 1.25 and 1.9 x 108 white blood cells, 50% of which 

were neutrophils, were given subcutaneously into the back of the neck 

of three normal rats. Daily neutrophil counts showed that no rise 

above the normal occurred during the next 7 days.

This experiment suggested that the neutrophil leucocytosis that 

is produced in response to inflammatory reactions is not initiated by 

the presence of large numbers of neutrophil leucocytes in tissues.

Plasma and neutrophil production

Many substances induce a neutrophil leucocytosis soon after 

injection. Endotoxin is particularly effective in inducing this 

effect of 'neutrophil release' (Boggs, Chervenick, Marsh, Cartwright 

& Wintrobe, 1968). It was possible that 'neutrophil release' might 

act as a stimulus for neutrophil production. Two experiments were 

done to test this.
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Endotoxin was injected and after the Initial neutrophil 

leucocytosis blood counts were followed for 2 weeks. One mg 

endotoxin dissolved in 1 ml saline was given intravenously to 

6 200 g rats and a neutrophil leucocytosis occurred 24 h later, 

returning to normal at 48 h. There was no change in the blood 

mononuclear cell counts, but eosinophils disappeared from the blood 

during the 48 h period. Blood neutrophil counts did not rise above 

the normal level after the first 48 h.

In a second experiment, plasma from rats injected with 1 mg 

endotoxin 2 h previously, was injected into 4 normal rats. This
o

induced a neutrophil leucocytosis of 16,000/mm 24 h later. The 

magnitude of the response to neutrophil 'releasing 1 plasma was nearly 

as large as that produced when 1 mg endotoxin itself was injected 13 

days later in the same animals. There was no neutrophil leucocytosis 

in these rats during the 12 days between injections (Figure A.3).

These two experiments suggested that neutrophil release itself 

had not initiated sufficient additional neutrophil synthesis to be 

evident in peripheral blood levels.



163.

Discussion

The conclusion was reached that lymphocytes in lymph draining 

a pyogenic lesion do not transfer a neutrophil stimulus to normal 

rats. It is unlikely that inadequate numbers of lymphocytes were 

transferred, as innocula contained as many as 7 x 10^ lymphocytes. 

Strober & Gowans (1965) induced accelerated skin homograft rejection
•7

in rats with 7 x 10 sensitized thoracic duct lymphocytes.

Studies of Walls, Hasten, Leuchars & Davies (1970) agreed with 

this general conclusion. They showed that neutrophil production in 

mice was not inhibited when thymic dependent lymphocytes were not 

available.

As no stimulation of neutrophil production was found when 

lymphocytes, plasma or granulocytes were injected into normal rats, 

it is possible that neutrophil production is regulated in other ways. 

There have been previous attempts to find a stimulus for neutrophil 

production in plasma, and positive results were achieved by Noweil (1959) 

who found that plasma from rats with staphylococcal empyaema increased 

the mitotic index of bone marrow cells in culture at 20 h, whereas the 

inflammatory exudate itself was inactive. However it would seem that 

the mechanisms by which neutrophil production is regulated remain 

largely unknown.
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